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GENERAL INTRODUCTTION

In each branch of bacteriology & systematic classifica-
tion of the organisms which are of special importance is essen-
tiale The criterion of the value of any such clasgification
is primarily its usefulness, which 1s determined by the adap-

L tability of the classification to the needs of the investiga-
§ tors in the field.

N Medical bacterlologists are able to classify microor-
ganisms which are pathogeniec for man through a kmowledge of

their relationship to changes in certalin tissues or organs of

the body; soil bacteriologists are aided in their classifica-

tion work by the chemical changes brought about in certain

T A I

soil constituents; while the dairy bacteriologist may base a

very useful classificatlon upon the action on the important
constituents of dalry productse.

Classifications of the bacteria of interest in dairying
have included primarily thelr asction on the mllk sugar and on
the milk proteins, with 1little conslderation of their effect
on the milk fat. While a great deal of work has been done on
the chemlcal deterioration of butter fat and while some
authors have attributed these changes to the action of micro-

organlisms, there has been very little work done on the

;
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specificity of the lipolytic microorganisms for the various
tri-glycerides, and no previous studles have utilized the
lipolytic powers of mlcroorganisms as a criterion for their
clagsificatione

It should be recognized that butter fat is rather unigue
among natural fats and olls because of 1lts relatively hipgh
content of the tri-glycerides of the volatile fatty acids.
This being true, one might expect to find distinct differences
between the flevors and odors produced by lipolytic bacteria
in butter fat and those produced in other natural fats and
oils. The importance of these differences will assume more
signiflcance, from the standpoint of certain deteriorations
in natural fats and oils, if it is found that the action of
bacteria involves primarlly the tri-glycerides which contain

some of the lower saturated fatty acidse.
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GENERAL STATEMENT OF THE PROBLEM

The work herein reported was undertaken to obtain infor-
mation concerning the characteristics and importance of the
lipolytic bacteria, with special attention to the following:

1l Some considerations of the Nlile-blue sulfate tech-
nique and its spplication to the study of bactorial action on
simple tri-glycerides and natural fatse

2. The isolation, identification and classification of
lipolytic bacteria.

3. The mumbers of lipolytic bacteria in certain dairy
products and the relatlionship of these organisms to rancidity.

4. The abllity of lipolytic bacteria to produce ran-
cidity in butter fat, in some other natural fats and oils and

in some simple tri-glycerides-.
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SECTION I

SOME CONSIDERATIONS OF THE NILE~BLUE SULFATE TECENTIQUE
AND ITS APPLTICATION TO THE STUDY OF BACTERIAL ACTION
ON SIMPLE TRI-GLYCERIDES AND NATURAL FATS



«7-

GENERAL CONRSIDERATIORS

Various investigators, particularly in the fileld of his-
tology, but in other branches as well, have studled the stain-
ing reactions of the fats In the tissues. Of the various
dyes investlgated Nile-blue snulfate has been applied exten~
sively by different workers to the detection of the action of
bacteria on fats. In this connection the staining reactions
of Nile-blue sulfate have been considered wilth special refor-
ence to (a) the specificity of Nile-blue sulfate in its stain-
ing reaction for oleic acid, (b) the value of Nile-blue sul-
fate as an indicator for the detection of fat hydrolysis and
(¢) the application of the Nile-blue sulfate test to the de-
tectlion of the action of bacteria on various fats dispersed

in solid media.



STATEMENT OF THE PROBLEM

In view of the conflicting opinlons regarding some of
the points mentioned in connectlion with the detection of
lipolysis by vacteria, the work herein reported was undertaken
to obtain informmtion on the following points:

l« The steining reaction of Nile~blue sulfate with
saturated fatty acids, oleic acid and the simple tri-glycer-
ides of these.

2. The Nile-blne sulfate test and the appnlication of

this technique to the detection of lipolysis by bacteria.

3+« The factors influencing the accuracy of the Nile-
blue. sulfate tost in the detection of lipolysis by bacteriae.

4. The value of the action of bacteria on some simple
tri-glycerides and some natural fats (indicated by the Nile-

blue sulfate technique) as a criterion for the identification
and the classification of lipolytic bacteriae.
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REVIEW OF THE LITFRATURE

Methods for the detection of fat hydrolysis by microor-
ganisms or by lipase produced by them have been employed for
many yearse

As early as 1894 Sommaragua (70) studied the lipolytic
ability of microorganisms by growlng them in a solld medium
in which was dispersed 2.0 percent of pure ollve o0il or other
fate The medium which he used was composed of 1000 cc. of
fresh meat julce, 1.0 percent peptone, 0.5 percent NaCl and 1.5
percent agar or 1l0.0 percent gelatin. No indicator was usede.
The fat was added to the agar or gelatin before sterilizing,
and after sterllization it was emulsified with the medium by
shaking vigorously and cooling until the fat would not rise to
the surface when the tubes were slanted. The prepared slants
were either streaked or stabbed with the cultures, and the hy-
drolysis of the fat was shown by the disappearance of the
globules from the regiqn of the growthe

A somewhat different method for the determination of fat
bydrolysis by microorgenisms was reported by Eijkman (23) in
1901. This investigator inoculated a melted agar medium with
an organism and poured it onto a thin layer of tallow which
covered the bottom of a petrl dish. A lipolytic organism
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produced colonles which caused clear zones in the tallow be-
neath them. EijJkman stated that bacteria which produce alkall
may hydrolyze fat without the production of a lipase.

Smith (68) in 1908 studied the staining of neutral fats
and fatty aclds by oxazine dyes and showed that fat globules
present in tlssues could be stained by basic aniline dyes if
they were first changed into fatty acidse He pointed out
that, in the presence of Nile-blue sulfate, new methylene blue
or Mendola's blue, globules of olein or of other neutral fats
were red, while those of olelec acld were blue, the blue color
being due to the formatlon of a blue scap between the fatty
- acid and the oxazine base. He found that the oxazine base is
also soluble in palmitin and stearin. From his work Smith con-
cluded that Nile-blue sulfate 1s a specific staln for fatty
acids In general and not alone for olelc acid.

In an investigation upon the keeping quality of butter,
Sayer and others (62) determined the presence of lipolytic bac-
teria in a litmus agsr, prepared from sugar-free broth. They
put & small amount of pure butter fat in each tube of agar be-
fore sterilizing. After sterilization and partial cooling
they emulsified the fat by shaking, and then slanted the tubes
and inoculsted them. The hydrolysis of the fat was indicated
by the disappearance of the fat from beneath the growth on the

streaks
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Boeminghaus (11) studled the effect of Nile-blus sulfate
on the color of palmitin, stearin and oleln globules and theilr
corresponding acids. His results indicated that,

l. Nile~blue sulfate 1s g specific dye for oleic sascid
and its ester and that palmitic and stearlc aclds are little
affected by 1t.

2. Globules of olein are colored a bright red by Nile-
blue sulfate while globules of palmitin or stearin are little
affected by ite.

3+ 0Qleln or oleilc acid when added to the glycerides of
the higher fatty acids or the fatty aclds themselves, increased
the ability of these substances to absorb Nile-blue sulfate.

Buchanan (15) showed that lipolytic orgenisms, when grown
on & s0lid medium in which was dispersed an emlsion of a suit-
able fat or oll, produced a lipase which caused the dissppear-
ance of the fet from the immediate vicinity of the growth.
Similar results were secursd by Waksman and Davison (76). They
detected fat hydrolysis by the coclor changes of litmus or
other indicators as a result of the freeing of fatty acids
from the fat in the medium.

In the first of a series of papers dealing with a medium
for the detection of lipase producing bacteria, Turner (74)
in 1928 outlined the following procedure. The inoculum was
mixed in a petri'dish with a small quantity of a medium composed
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of 1000 cc. of sugar-free meat digest fluld, 5 grams of dil-
basic sodium phosphate and 30 grams of agar, the reaction of
the medium being adjusted to a pH of 7.6 before sterilizing.
When the medium was cooling 0.125 grams of Nile-blue sulfate
(made »p in 100 cc. of 25.0 percent ethyl alcchol) and about
10.0 percent of a sterile emlsion of fat were added to ite.
Turner stated that the dye was sabsorbed by the fatty acids or
by the soaps. No organisms were found which produced a blue
zone about the colonles that were not fat hydrolyzers. Some
organisms produced a transient blue zone with fat but did not
produce lipase 1n pure culture when fat was not present.
Certaln anaerobic bacteria were found to decolorize aniline
dyes while some bacterial colonies were shown to absorb the
color. In a later paper Turner (73) compared the relative
merits of the various methods which had been employed for the
determination of fat hydrolysis by microorganisms. These
methods involved the use of various combinations of fats or
olls and dyes. He concluded that the method he had outlined
(74) gave the quickest and most gatisfactory resnlts. Turner
prepared the fat emmlslion by heating together 100 co. of
cottonseed oil, 3 grams cof India gum and 200 cc. of hot dis-
tilled water. This emulsion was sterilized alone and was |
added to the agar containing Nile-blue sulfate just before
pouring in the proportion of 0.75 cc. of emulsion to 5.5 cce

of agar. The plates were incubated anasrobically at 37° C.
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for 48 hours. The growth of fat splitting organisms was sur-
rounded by a deep blue zone full of blue globules. “hen he
used the tri-glycerides of ssturated fatty acids Turner found
that the clear zcnes never developed with tri-stearin and that
they developed in two days, six days and ten days with tri-
butyrin or tri-caprylin, tri-myristin and tri-palmltin respec-
tively. He observed that tri~butyrin greatly inhibited bac-
terial growth while the other tri-glycerides did not. He al-
so found that Nille-blue sulfate in a concentration of 1:8000
inhibited the growth of some organisms. His experiments
showed that a good differential plating medium should result
from either an emulsion of fat made up of short chained tri-
glycerides or the use of bile In the medium along with an oil
like cottonseed o0il. Regarding the use of bile, Neill (55)
found that the addition of bile to olelc or stearic acids hag-
tened thelr diffusions through a collodion menmbrane.

In 1929 Turner (73) made a photomicrogravhic study of the
changes taking nlace In the fat globnles during hydrolysis by
bacteria. le was convinced that the changes occurred far re-
moved from the growth. He concluded that the unsaturated fatty
acids, oleic and linoleic, stain deeply with Nile-blue sulfate
and also that an alkaline reaction in the medium facllitates
fat hydrolysis through the prbduction of wmore readily soluble .

soaps.
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Kaufmann and Lehmann (43), 1926, worked with pure subw
strates in the presence of the oxazine dys, Nile-blue sulfate.
They found that 1t colored fatty aclds dark blue and fatty
esters red. They also thought that the color was absorbed by
the unsaturated fatty acids and that this absorption was great-
1y influenced by the number of double bonds. Theyfound inkense
blue colcr in mixtures which did not contain any unsaturated
acids, however, and concluded that a tri-glyceride having one
oleic acid radical would react the same as pure tri-olein.

They considered that for this reason all natural fats glve the
red color. They did not consider that Nile-blue Is a specific
dye for the fatty acids. These investigators 4did not agree
with the conclusion of Boeminghaus (11) that Nile-blue sulfate
is a gpecific reagent for olelc acid and its esters.

In 1931 Rettle (60) Investigated the use of Nile-blue sul-
fate as a fat staln. He showed that the oxazone of Nile-blue
sulfate is plnk and that,since 1t is soluble in fats and fat
solvents, 1t 1is the substance which 1s responsible for the
color in the fat stain; he called this substance Nile-pink.

Turner's technique for the determination of the lipolytic
ability of bacteria was somewhat modified by Hussong (42),
1932. He used an ordinary beef infusion agar with a pH of 6.8
to 7. To this agar he added Nile-blue sulfate (as an aleoholic
solution) in the ratio of 1:10,000, and fat in the proportion
of 1:200. The fat was emulsified with & 0.5 percent agar; it
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was sterilized alone, and was added to the beef infusion agar
at the time of pouring. Cultures were streaked on the surface
of the medium. A change in the color of the fat globules, as
well as a deep blus zone about the colony growth, was accepted
as a positive test for hydrolysils.

Berry (9), 1933, recently reporied some work, on the hy-
drolysis of fat by microbiasl llpase, on which he used the tech-
nique first employed by Carnot and Mauban (18). The organisms
were grown on the surface of mutrient agar containing a sult-
able fat. T'ollowing incubatlion period, at the optimum tempera-
ture of the organisms used, the plates were flooded with n
saturated copper sulfaste solution for 10 mimites and then
rinsed with distilled water. If the fat had been hydrolyzed,
the fatty acids united with the copper sulfate to form en in-
soluble, blue, copper soap which was easlly recognized in the

mediume
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METHODS USED

Methods Used in the Determination of
Iipolvtie Action by Bacterila

The method used for the determinatlon of 1lipolysis by
bacteria was based on the modification by Hussong (42) of the
method of Turner (74). Tt depends on the differential stain-
ing, by Nile-blue sulfate, of fats and fatty acids dispersed
in s0li1d media. In the case of the tri-glycerides of the
soluble fatty acids, a positive hydrolysis 1s indicated by
the disappearance of the fat globules from the region of the
growthe.

Regular method used in the study of lipolysis by bac-

teria. The medium used was a beef infusion agar adjusted to
a pH of 68 to 7«0 There was then added to the agar, in the
proportion of 10 cc. of the solution to 100 cc. of the medium,
a 0.1 percent aqueous solution of Nile-blue sulfate. The
agar was sterlilized at 15 pounds pressure for 25 mimites.
This medinm will be referred tc as Nile-blue sulfate agar when
1t does not contaln fat end as Nile-blue sulfate medium when
1t does contelin fat.

The fat emulsion which was added to the agaf was prepared

in the following manner: The natural fat which was to be used
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was added to & melted 0.5 percent agar sclution in the propor-
tion of 10 cc. of fat to 90 ec. of the solution. This was then
sterilized at 15 pounds for 25 minutes. After the sterilized
solution had been allowed to cool until it was partly solidi-
fied, it was vigorously shsken to secure an emulsion of the
liquid fat. The fat emulsion was stored in this condition and
just before use wag heated to a temperature that would give a
soft jelly-llke mass which could be easily transferred with a
plipette.

“Yhen plates were to be poured the Lile-blue sulfate agar
was melted and tc this hot m@dtum the fat emilsion was addsd .
in the proportion of 1 cc. of the emulsion to 20 cc. of the
agar. After the dye had been added to the agar the medium was
allowed to remaln hot for a few minutes before it was poured;
this was done since the fat globules became much redder if they
were in contact with the very hot Nile-blue sulfate agar for a

short time.
Method for the simple tri-glvcerides and the fatty escids.

The 1liquid tri-glycerides and fatty acids were dispersed in
the Nile-blue sﬁlfate agar in the same general manner as the
natural fats excepting that the smallest possible quantities
were used. The tri-glycerides and thé‘fatty aclids which are
solid at room temperature had to be dispersed in a special

manner, as follows: The Nile-blue sulfate was added to the

.
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plates and kept very hot over a low Bunsen flame whlle a small
amount of the solid tri-glyceride or fatty acid was added and
vigorously stirred into ite The agitation was contimued until
the fat or fatty acid had solidified in small globules or
masses s

Method for studying the action of bacteria on the simple

tri-glyceridas and the natural fats. In studying the effect

of bacteria on the simple tri-glycerides and the natural fats
the procedure was as follows: The plates, having been poured
as described sbove, were left at room temperature until the
surface of the medium was dry (at least 12 hours) to prevent
an abnormal spreading of the bacterial colonies which would
form upon inoculation. The bottoms of the petri dishes weré
marked off {on the outside) into 8 to 12 subdivisions, and the
plates were then inoculated with small loop-fulls of 48 hour
litmus milk cultures. The plates were inverted and incubated
for 7 days at 21° C. During incubation they were examined
frequently for the purpose of recording the rates of lipolysis
and enzyme diffusions

The hydrolysis of the fats was indicated by a change in
the ecolor of the dispersed globules from red to blues The
theory of the test has been treated in the "Review of the
Literature" and is dependent on the different color reactions

of the mnatural fats and of the fatty ameids in the presence of
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the Nile-blue sulfate. Yhen the simple tri-glycerides of the
1oﬁer fatty acids were used 1t was necessary to accept the dis-
appearance of the globules from the reglon of the growth as a
positive test, since the fatty acids were soluble In the
mediume.

The absorption of the Nile-blue sulfate by the simple
tri-glycerides and the fatty acids and the color changes re-
sulting in the globules or masses of these materilals were
studied with non-rutrient Nile-blue sulfate sgar (containing
no peptone or beef oxtract) as well as with the regnlar Nile-
blne snlfate agar. In both cases the simple tri-glycérides
and the fatty acids were dispersed in the agar in the manner
already mentioned and the general procedure was the same ex-
cepting that the media were not inoculated.

Hethod for making examinations of lipolytic action. All

the examinations in the study of the actlion of bacterle on

the various simple tri-glyceridss and natural fats and in the
study of the absorption of the Nile-blue sulfate by the simple
tri-glycerides and the fatty aclds were made by the ald of a
hand lens or a wlde fleld binoculare.

Sources of the slmple tri-glycerides, fatty acids and

nagtural fatgss The simple tri-glycerides with the exception

of tri-olein were obtained from the Research lsboratoriss of

the Esstman Kodak Co., Rochester, N. Y. The tri-olein was
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secured from Dootors Fraenkel and lLandeu, Berlin. Some of
the fatty acids were secured from the Eastman Kodak Co.,
while the others were obtained from Merck, N. Yo The

natural fats and olls were obtained from local stores.
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RESULTS OBTAINED

The Absorption of Nile-blue Sulfate by Some Simple
Tri-glycerides When Dispersed in Solid Media

The absorption of Nile-blue sulfate by simple tri-glycer-
1des was studied with tri-scetin, tri-propionin, tri-butyrin,
tri-caproin, tri-ceprylin, tri-caprin, tri-lsurin, tri-myris-
tin, tri-palmitin, tri.olein and tri-.stearin. Four trials,
in each of which the tri-glycerides were dispersed in both
non-mitrient and mutrient Nile-~blue sulfate agar, were carried
out, and similar results were secured in all the trials. The
data secured are given in Table I and may be sunmarized as

follows:

1+ Tri-acetin in the concentrations used was completely
soluble in the media.

2. The dispsrsed globules of tri-butyrin, tri-caproin and
tri-caprylin were quite insoluble and bright red in color in
the medis.

3+ The dispersed masses of tri-caprin, tri-laurin, tri-
myristin, tri-palmitin and tri-stearin were solid and became red .
to a degree which decressed rapidly with the increase in the
melting points. It was possible to obtaln a uniform distribution

of fairly round solid globules with tri-caprin and tri-lsurin
while with tri-myristin, tri-palmitin and tri-stearin a disper-



TABILE I

Absorption of Nile~blue Sulfete by Some Simple Tri-glycerides
When Dilapersed in Solid Hedia

(summary of four trials with nonenutrient snd mtrient agars)

1oize, distribution, state and CoLor Of the dispersed globules
Tri»glyeeride, Non-mibrient and nutrient nile-bilue suillate agar

Tri-asetin —Eorgpletelv goluble, no apparent change “in the color of tbhe

dispersed, bricht red glc log e«
1speraed, red :r’iobulea.
15 apersed, Ez-ip'inf Yed globuiess

‘dispersed, bright red globules s
, rogular and irregular solid
tglobules which are a duller rad than those above.s
'giali unifomiy dlspersed reguiar and irregular flaky, solld
Tpil=laurin !rlgbgélesdwhich vary in color from Mll red to faintly pur-
'nl sh red.
Tmo 1), nob uniformiy dlsporsed, Temilar &na 1rrernial, Tiaxy,
Tri-myristin :selia maases vhlch very Iin color from dull red to purvlish
s 700
tomall, not uniformiy dispersed, rogular and ivreguiar, 801id
‘I‘ri-palmit:m smagsges which vary in color from purplish red to reddish pur-
:ple or to a vellowish whitish blue.
Tri-oiein tomBll, UNATOrmiy dispersed, rogulsyr, bDright red £ LloDuios s
Triesteerin :omell, not uniformly diaperaed, rogulsr and irreguler solld

tmasses vhich vary in color from reddish purnls £o bluish vhites

-
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sion of only somewhat flaky, irregularly shaped masses could
be obtained; the color of these globules or masses ranged
from s faintly parnlish red to o faintly reddish purnle and
sometimes to a bluish white.

4. The dispersed globules of tri-olein were very uniform-
ly bright red and quite regular in slze-

The results obtained show that Hile-blue sulfate is not
a specifle coloring reagent for the unsaturated tri-olein but
that 1t becomes red when absorbed by the lower fatty esters al-
sos thls is in agreement with some of the literature reported.
It would also ssem that the absorption by the 3 higher satur-
ated tri-glycerides 1s not sufficiently definite to pemit
the use of these for an accurate and practical differential
test in the detectlion of lipolysis by bacteria. On the other
hand the liquid or sclid globules respectively of the lower
saturated tri-glycerides or of tri-olein, when dispersed in
the presence of Nile-blue snlfate, provide a very excellent
differentiatione.

The Absorption of Nile-blue Sulfate by Free
Fatty Acids Dispersed in Solid Media

The absorption of Nile-blue sulfate by same fatty scids
was studled with acetic, proplonic, butyriec, caproic, capry-
lic, capric, lsuric, myristic, palmitic, oleic and stearic

acids. Four trisls, in each of which ths fatty acids were
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dispersed in both non-mitrient and nutrient apar were carried
out, and similar results were secured with all the trials.
The data are presented in Tadble II.

The results may be summarized as follows:

le Acetlc, vropionic and wtvric ncids were gsoluble in
the media in the concentrations nused and, with the occasional
exception of butyrie acid, they did not affect the color; the
butyric acid sometimes caused & slight turbidity in the media.

2+ The dispersed globules of caproic and of caprylic
acids were distinctly blue and seemed to uniformly absorb the
dye from the surrounding medium. With the caprylic acid thers
were sometimes outlines or partial outlines of the globulss
left in the media. .

3. The dispersed, solid, disc-like globules of capric
and of laurlc acids ranged in color from a much deeper blue
to a nuch paler blue than the surrounding media.

4. The dispersed, solid, disc-like masses of myristic,
palmitic and stearic acids generally assumed the color of the
moedla althongh the smell marticles were sometimes more blue
while the 1afgar, Tlatter masses were often less blue than
the surrounding media.

5. The dispersed globules of olsic acid were always a
clear, much deeper blue than the surrounding medisa.

These results indicate thet Nile-blue sulfate is not a
specific color reagent for unsaturated oleic acid but that i1+



TABLE II

Absorption of Nile-blue Sulfate by Free Fotty Acids
Dispersed in Solid Medila

(summary of four trials with none-nutrlent and nutrient agars)

Sg%“ﬁéiéfy=s1ze, distribution, state and color of the dispersed globules

Non-nutrient and nutrient Nile-blue sulfate agar

Soluble tCompletely soluble, 1o apparen% change in the c0lor of the
tmedium.

Soluble :Completely soluble, no apparent change in the color of the
: tmediume.

Adid

in media

Acetic

Propionie

Soluble tCompletely soluble, apparent change in the color of the
1 tmedium resulting in slight turbidity. -

SIIghtly :Small to medium, well distributed, oily, clear, blue glob-

Butyric

soluble tules. The globules are bluer than the medium. Only the out- é

tlines of some globules remaine. ' ' ' ' 1

Caprolc

s
. : . tSmall to medium, well distributed, olly, clear, biue glob-
Caprylic :Insoluble :ules. The globules are much bluer than the medium which is
$ tfaintly blue and slightly opaque.
s :Small to medium, well distributed, solid masses which are
tInsoluble :generally bluer than the surrounding medium. Soms of the
H tdisc-1ike globules are quite blues
t tSmall to medium, well distributed, solld masses whioh aore
:Ingoluble :sometimes bluer than but usually the same color as the sur-
: srounding mediums
: tSmall o large, poorly distributed, flat, solid masses which
: Ingoluble tvarv in color. The small narticles are bluer than the medium;
: tthe larpe ones are whitish blue.
s :Difficult to prevent & film of solid acid on surface. when
:Insoluble :well distributed the smaller particles are bluer than the
$ tmedium whlle the larger ones are yellowish bluse.

(continued on following page)

CapriE

Lauric

Myristic

Palmitic




TABLE II (continued)

Asld fgg%u2§iétnyize, distribution, state and color of the dispersed globules
+ 4n media 1 Non-mutrient and mutrlient Nile-blue sulfate agar
. : :Small, well distributed, oily, clear, deep blue globules
Olelc ; Insoluble :which’arq_gpch bluer than the surrounding medlum. _
. s :Small, well distributed, solld particles which are ususlly
Stearlec :Insoluble :deeper blue than the surrounding medlum but are sometimes

swhitish blue.

—'aga-
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is ebsorbed in muich the same wanner by the satvrated Tatty
acids which are insoluble and liquld in the medium; this 1s
in agreement with some of the llterature reported. The ro-
sults also indicate that some of the solid satureted acids,
i1f finely and uniformly dispersed, will show an appreciable
dye absorptione
A Comparison of Nile-blue Sulfate and Litmus
as Indicators for the Detection
of Lipolysis by Bacteris

The comparative usefulness of Nile-blue sulfate and lit-
mis for the detection of 1lipolysis by bacteris was determined
wifh 16 lipolytic and 2 non-lipolytic organisms on beef in-
fusion agar (without added sugar) in which some of the simple
tri-glycerides were disperseds The same batch of beef infusion
apay was used with both indientors. Comporisons were made both
by.culturing on the surface and by stabbing slants of the media.
Positive hydrolysis was indicated, with the Nile-blue sulfate,
by the disappearance of the fat globules or by a definite change
from a red to a blue color of the dispersed globules and, with
the litmus, by the disappearance of the globules or by the
reddening of the litmus through the production of free fatty
aclds from the tri-glycerides. A summary of the data obtained
is given in Table ITI. Positive and negative signs are used

to Indicate 1llpolysis as judged by one or more criteriae
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The recorded and unrocorded results show that:

le Tri-propionin was hydrolyzed by all the cultures as
shown by both indlcators.

2. With tri-butyrin, ¢tri-caproin and tri-caprylin, par=
tial o~ compnlete spreements of llpolysis were shown Dy both
indicators in 94.4 percent of the trlals.

3. With tri-caproin, tri-ceprylin, tri-caprin end tri-
laurin there were more definite and more positive results shown
with the Nile-blue sulfate than with the litrus, the latter
giving only indefinite and slight suggestions of lipolysise.

4. With tri-myristin eand tri-palmitin or tri-stearin
(not recorded in Teble III) there was practically no lipolysis
shown by elther of the oriteria and hence there was a very high
agreement betwesn the two indicatorse.

S5« With tri-olein there was a 94.4 percent agreement be-
tween the two dyes. This agreement was definite and complete
since there was a very definite color change with Nile-blue
sulfate and a rapid color ochange in the litrmuse.

Tt 1s evident from the foregoling results thot Hile-blue
sulfate or litmus would be equally useful as indicators for
the detection of lipolysis In the presence of tri-propionin,
tri-butyrin or tri-olein, and that Nile-blue sulfate gives a
more consistently definite differentiation with more tri-gly-
cerides than does litmus. It also seems logical from the fore-

going results that Nile-blue sulfate would be the better
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TABLE III

A Comparison of Nile-blue Sulfate and Litrus as Indicators
for the Detection of Lipolysis by Bacteria

Culture

Tria tTria tTrpie

*e 9 b

sis of somg si

6 _tLtri-

tTri- :Tri. tTri-

erides by lipolvtic bacteria

$Triem

propionintbutyrin tcaproin ‘caprylin tcaprin tlaurin ‘myristi

tTria
n _:olein
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tdd bt rdt ottt rrett

: ‘3:" : *’“’ : - : . . . . . . . . . . .
:Lit-:NoSo:Lit.:N.S.:Lito:N.S-:Lit.:N.S-:Lito=NOS-=LitoSNoSo:LitA:NochLito:N.S.
Y +2 43 +2 +3 +3 F+:81led: +:81 ek +381ekt 42
7 tglett +181e+: +:8)e42 +:81let: +3 -2 -t -3 -t
8 : +3 +:181et: 4+:81let: +38)sse +381 et +:181 e 42
12 +3 + +: +3 +2 F+281lete +i81let: +3 -1 +2
13 +2 +3 +3 +38) e+ +t81 et 4+29) 42 +2 - -t
17 +3 +2 + +219) e+ +391e+2 +18) et +:83 ek -2
18 +2 +1 + + + +:81e+: +:891 e+ +¢ -t -
28 4+ 4t Hisletd +i18Lle+d bisled: 4+ - -1
32 t18led:  F#:s8let: i =i “! = = =3 - - =
33 s8let:  +isleds t =talett  =i8let:t  wiSled: e a2
34 ¢ 4 4 4 T 4+t 4t +i8ledt +t8letr 73
36 ¢ 4 +191e42 +:slet: +:81e4: +:8Let:  piSletr <@
37 ¢ 4t 4! 4t +:3led:  H#i8let:  +r8ledd +Isledr 42
38 ¢ 4t +isled:  disled: gt Fi8ledr =isled: w2
39 @+t +181e+: +381 e+t +:81le+: +:8Le+: -t - -3
41 o+ +2 + +2 +3 H +3 +:S)lets +381 et o+
42 +3 +1 +¢ +¢ +3 +3 +: +:S5)et2 +29] e+ +$
43 :18le+4: +3181 e+ -t -2 - -2 ~3gLets - -3 -3
A ¢ 18 : 18 : 18 ¢ 17 : 15 : 16 2 15 : 16 + 15 2 13 + 10 ¢+ 7 :
B :10040:100.0: 10003 : : : : : : : : :
c 18 : 17 : 17 : 17 : 14 : 13 s
D ¢ 100.0 : Q4.4 Q4.4 94.4 777 722 @
E 0 : 1 : 1 : 1 : 4 : 5 H
o 0 : 5.6 ¢ He6 3 5.6 223 ¢ 27.8

”
"n

4 4
e

Litmas -
Nile-blue sulfatee.

Number of cultures hydrolyzing.
Percent of cultures hydrolyzing.

HiEoaQ

Humber of partisl

or complete agreements.
Percent of partial or complete agreementss
Number of questionable or complete disagreements -
Percent of questiomnble or complete disagree-

mentcsge.
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Indicator of the two to use when conmon natural fets are disper-
sed In & solld mediume

A Comparison of the Disappearance and the Color Change
of Pat Globules Digpersed in Nile-blue Sulfate Agar
for the Detection of Lipolysis by Bacteris

The relatlive wmlue of the disappearance and the color
change of the fat globules In the resion of the growth was
studied with 100 cultures, most of wvhich were lipolytic, groun
on Nile-blue sulfate medium in which various simple tri-glycer-
ides were dispersed. The exemination for both changes was
made at the same time, on the growths resulting from the inocu-
lation of plates, with pure culbure of bacteria.

The data presented in Table IV are representative results
obtained with 50 of the 100 cultures; the results secured with
tri-myristin, tri-pelmitin and tri-stearin are not included
but are discussed with those recorded.

The recorded and unrecorded results show that:

1. Y%hen tri-propionin and tri-butyrin were hydrolyzed
thelr acids were completely miscible withk the mediume.

2. It was not possible toc make a comparison of the two
methods with tri-proplonin, tri-butyrin or tri-olein since the
fatty acids formed by the hydrolysis of the first two were

scluble and oleic acid was ingoluble in the media. With trie

caproin, tri-caprylin, tri-csprin and tri-laurin there were

complete or partial agreements between the two methods in



TABLE IV
A Comparison of the Disappearance and the Color Change

of Fat Globules Dispersed in Nile~-blue Sulfate Agar
for the Deteotion of Lipolysis by Bacteriam

tTri tTri- TTrie tTrie tTria tTri- tTri-
tproplonin tbutyrin tcaproln caprylin :caprin $laurin toleln -
Culture:gy_rolsis: 3 olysistHydrolysIstHydrolysi
TR¥ : : 3 : g $ s 3 2 e ]
$1801e20e0e 380]1e3CeCe 2501e30eCe $801e2CeCe $801eiCeCe 2801leiCeCe $50]e: .
6.1 s +2 2 +3 +? +2 +2 +2 -3 3 ?: +
7 s +2 s +: : +2 +3 +3 +3 +2 wigled -2 s +
8 : +3 I 1 I & 2 s P 4 ?88Leds - = 2 +
g 3 43 T : =3 -t .t - = -2 - - : &
10 ¢ 42 @ 8let+: & 3 -2 -2 - - -2 - -3 4 s -
12 +: 93 +: PO + -l +3 (£1:2 XL 3 -2 -2 -t g +
13 ¢ 4+ oot +: oB: 4 -t 2 ?:81e4t - - -t 9 ¥
16 ¢ 43 P T gled: P T3 + -2 +3 +2 - - -3 -t ¥ +
7 ¢ 42 0@t 4t ©0® 3 42 1+ +1 = -t 43 -t Bt +
18 ¢ +1 S5t 4+t S5 -+ ?: -t -2 42 -t 53 +
19 ¢ 4 8 -t e’ -3 -t -3 -l - -3 -3 - Pt -
20 ¢ 41 §8: 43 HO: 4 +t H +t 42 +1 43 +# R &
21 ¢ 4 Gget o+ g“ : W ER I 1 =i - P ?t +
22 +: S8 -t SH¢ -2 -2 -3 -3 -3 -} - =3 -t & -
23 - +2 ~ ¢ +3 +2 +2 +3 -3 -8 43 2t g +
24 : 4t §H: =z Bo: =t -t =3 -t -t S -t O3 -
26 : 4t JB3 4t A3 43 +: 43 +8 42 +2 -2 ?s o} +
27 ¢ 4+ oo ¢ +t 00 ¢ +3 +3 +3 +3 -t -3 o 4+ =3 +
28 : +! o2t 4 o% 1 42 3 4+ #3181 e+28)ed ¢ 4 ?: : +
29 : B et & e - -1 -3 -t =3 -3 : -
30 : T +: =3 $ =3 =3 =3 -3 =8 - =3 -3 H -
31 H t81et: t -3 -3 -g -3 -l -t -2 -2 s +
32 +32 : +3 H +3 ?s -$ -l -l -t -? -t 3 -
33 ¢+ 18] o4 : = ?:8) o4 +2 e ?: -t ?: : -
{contImiod on rfollowing page)
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TABLE IV (continued)

tTrie tTrie tTri- I Tyl - tTri- 3Irie
tpropionin tbutyrin socaproin  soaprylin soaprin t laurin tolein
Culture:HydrolyvsistHivdrolysisiHvdrolveistHydrolysistHydrolvsistHvdrolysis tHvdro
1) T I s B s ¢ { ? s : : ] s
_:801e30¢0e 2801e30+0e 3501e30+0e 380le3CeCe 3801e3CeCe 3801eiCeCs $80lei0eCe
34 +3% K +3 H +3 +: 42 +:2 t +2 - T s +
35 +1 H +3 H +3 -3 +3 ?: T -t -2 -3 s +
36 +: H + H +2 -3 + ?s H H -2 " H +
37 + s +3 : +3 + +2 ?: : : -3 + H +
38 3 H +: s +3 7T+ ?s H t +2 : +
39 ¢ + e +3 s -l -3 +3 ?s H H -2 +3 H +
40 @ +3 H -2 H -l -t -2 - -2 -2 -2 -3 3 -
41 ¢ 2 H +3 H +3 - +2 ?: -l -2 -t +2 s +
42 - *2 : +2 L ¥ ?: +3 -3 -3 “«f w3 +3 : +
43 ¢ +3 H -? H -3 -t -y - -$ -3 -3 -3 H -
456 : %1 TR X T =3 -t 3 T -3 -l =2 -2 : +
46 4+ $81e4s : =3 . -3 -t =2 -t -3 -t t +
47 ¢+ +2 L 1 s +3 3 =3 +3 +2 ?s 9 4 -3 H +
48 3 43 H +2 $8) et -l +3 ?s +3 ?s -2 -3 t +
49 +3 s +3 $ H -g +3 s -3 -3 -3 -2 $ +
50 +3 : +3 : +3 R 1 ?: +3 ?: -2 -3 : +
F54 +3 18leds H -l - -l -t -3 -t -3 -3 - 3 ¥
- FB6 ¢ +3 181+ : - -3 -t -2 -1 3 S 4 -2 : +
56 : +: 19)e+: H -l -l -3 -3 -3 -3 -3 -2 $sle +
57 @ +2 : : : +2 -t o w$5)leds -2 -2 -3 H +
82 ¢ 3 H H H -y -l -2 -3 -3 -1 -2 -2 H
83 : +3 : -3 ] ¢ -3 +3 1 -3 -2 -3 -2 H -
90 +2 H o+ H H -t + +2 -2 -t +: +3 : +
91 +3 H H : H +3 +3 +38letd -l -3 +3 H +
92 g ] H +3 H H +3 -2 -2 -3 -3 -2 -2 H +
293 *2 H * H -  =? +3 -t -3 -3 +3 -3 : +
A 850 242 ¢ 131 3114 131 :185 tJ4 + 4 3311 9 H + 36

(contimued on following page)



TABLE IV (contimmed)

tTri. ‘Tri- Tria tTrpim tTria 1Tria :Tri-
‘propionin :tbutyrin tcaproin tcaprylin _ tcaprin tlaurin tolelin
CulturezﬁxﬂrolxgigSngrolvsis2Hx§rolvsis:Hvdrolvsistderolxsis:Hygrolvsis=Hvdrolvsis
13t 3 : 2 : s : : : : : : s :
1801elCeCe 2801e2CsCe 801elCeCoe 2S01lelCeCe 2S01s2CeCo tS0letCeCs 2801alCsCe
B :100.0: :84.0: :6240:28¢0 :62.0:30e0 :31e7: 8.7 122.0:18.0 1720
C s s 32 : 32 : 35 ' 31 :
D : : s 64.0 s 64.0 : 76 .0 H 62.0 :
E : : 18 H 18 H 11 H 19 :
Fos : : 36.0 : 36.0 : 24.0 H 3840 :
% Disappearance of globules.
*¥Color change of globules.
A Mumber cultures hydrolyzing. '
B Percent cultures hydrolyzing. 3
C Number cultures showing complete or partial agreement. 3

D Percent cultures showing complete or partiasl agreement.
E Number cultures showing questionable or complete disagreement.
F Percent cultures showing questionable or complete dlsagreement.




“3le
64.01, 64+0, 76.0 and 62.0 percent of the trials respectively.
The disappearance of the fat globules was more sensitive to
lipolytic action with these tri-glycerides than the color
change of the globules-

3. With the tri-glycerldes of the intermediste fatty
acids, capric, lauric and myristic, it was easler to detect a
color change than a disappearance of the fat glcbules.

4. There was no golubility noted with tri-myristin, tri-
palmitin or tri-stearlin, and there was no color change in the
globules of tri-palmitin or tri-stearin. There were three
questionable color changes noted for trl-myristin; these in-
definlite results were attributed to the presence of insufficient
free acid to bring sbout =a definite color change and the rather
doubtful red color of the original globules.

The above summafy suggests that the method adopted for
the detection of lipolytic action by bacteria is largely depen-
dent on the simple tri-glyceride dispersed in the Nile-blue
sulfate mediume

The Effect of the pH of the Medium on the
Hydrolysis by Bacteria of Some Simple
Tri-glycerides and Cottonseed 01l

The effect of the pH of the medium on the hydrolysis by

bacteria of simple tri-glycerides and cottonseed oil was de-

termined by dispersing tri-butyrin, tri-olein and cottonseed
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oll, respectively, in Nile-blue sulfate agar. Each medium

was dlvided into & parts and the 3 parts standardized to hy-
drogen ion concentrations of 5.3, 67 and 7.8, respectively.
The study was ocarried out with 26 ocultures of 1lipolytiec bac-
teria with which the prepared medla were inoculated. The

data secured on the comparison of the hydrolysis of the fats
at the different pH concentrations &re presented in Table V.

The results may be surmmarized as follows:

1. With tri-butyrin there were 5 culturecs, which did not
ghow good growth or any lipolysis st a pH of 5.3; these cule
tures grew well and hydrolyzed the fat at a pH of 6.7 or 7.8.
This iIndlcates that (a) either the tri-butyrin at the pH cf
5.3 retarded the growth of the bacteria or (b) the small amount
of butyric acld produced inhibited tfurther growth and also
lipolysise

2. Thero was a 100 percent agreement of the hydrolysis
of tri-olein and of cottonseed oil at the three hydrogen ion
concencrationse

3« The most lumuriant growth and the most positive lipoly-
sis occurred at the hlghest hydrogen ion conceniration in each
series.

From the above results 1% may be concluded that {(a) reason-
able variations in the hydrogen ion concentrations of the media

have very little effect on the hydrolysis, by bacteria, of



TABLE V

1

The Effect of the pH of the Medium on the Hydrolysis by Bacteria
of Some Simple Tri-glycerides and Cottonseed 01
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TABLE V (continued)

: Tri-butyrin : Tri-olein : Cottonseed oil
Culture: pH value : pH value 3 pH value
P 5e3 0t BT t Te8B 2 5e3 1 67 : TeB 2 B3 : 6.7 t 7.8
A t 20 : 26 : 24
B s 76 «9 H 100.0 H 96.0
C : 6 : 0 H 1
D 3 23.1 : 0 : 4.0
A  Number of partial or complete agreements.
B Percent of partial or complete agresments.
C MNumber of disagreements-.
D Percent of disagreements.

—agg-




7.
either tri-olein or cottonseod oil snd (b) the more alkaline
reaction of the medlum favors the hydrolysis, by bacteris,
of elther tri-olein or cottonseed oil.
A Comparison of the Hydrolysis by Bacteria of

»
W

Some Simple Tri-glycerides \then Dispersed
In end Out of an Agar Ermlsion

The effact of the metpod of dispersing the fat on its
hydrolysis by bacteria was studied with 20 deflnitely lipo-
lytic culbtures and 6 cultures of doubtful lipolytic ability.
Reasonable good dispersions were obtained with the emlsified
tri-glycerides while relatively uneven dispersions were ob-
tﬂined when the tri-glycerides were added to the Nile-blue
sulfate agar without previous emulsification. In the latter
case a considerable amount of fat remained as 2 lignid or
golid film over the surface of the solid medium. The modia
were lnoculated from fresh litrms milk cultures in the usual
manner. The data secured are recorded in Teble VI.

The results show that:

1. The percentages of partial or complete agreements be-
tween the two methods of dispersion ranged from 38.5 for trie-
myristin to 100.0 for tri-olein and tri-stearin, tri-myristin
belng the only tri-glyceride to show an agreement of less than
80.8 percent with the two methods.

2« More than 80 percent of the cultures showed partial
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A Comperison of the Hydrolysis by Bacteria of Some Simple Tri-glyceride:
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E Number of questionable or complete dlsagreements,
F Percent of questionable or complete disagreements,

C Number of psartial or complete agreements,
D Percent of partial or complete agreements.

A DNumber of culbtures hydrolyzing.
B Percent of cultures hydrolyzing.

** out of emulsion.

¥ Tn emulsion.






" mARILE VI

f Some Simple Tri-glycerides When Dispgrsed In and Out of an Agear Emulsion
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or complete apreements in their reactions with 8 of the 9 tri-
rlvceridose.

e "rlaryristin wag hvirnlvzed rore aﬂéflv whon not vl
81fled with apor than when emulsiflied with 1t, but there was
no rognlear difference with tho other tri-glvcerides.

4. The percentage of questionable or complete dlsagroe-
ments ranged from 0.0 for soveral tri-glycerides to 61.5 percent
for tri-myristin; with 3 tri-glycerides thore were no qnestion-
able or complete dlsagreoments and with the remaining five thoere
were less than 20.0 percent complete disasreements with the two
methods .

5. Observatlons which are not included in Table VI show
that the ermmlsified fat was more uniformly dispersed throughout
the medium than the non-emulsified fate.

From the above summary it is evident that the method of
dispersing a fat, which would ordinarily be used for the detec-
tion of fat bhwidralvsls by bantaria, has 1little effect on +the
result. Very indefinite res:lts and a small percentage of agre-
ment were shown with the 2 methods when tri-myristin was used,
out this is not significant as this tri-glyceride wonld not
commonly be employed in the Nile-blue sulfate test.

The explanation for the greater ease of hydrolysis of tri-
myristin when not in emulsion than wher in an emulsion may be
explained on the basis of the air relationship; the non-emulsi-

fled tri-myristin spread out in a thin film over the surface
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of the medlum and presented more surface to the bactorilal
colonies.
The Hvdrolysis of Some Simple Tril-glvcerides
and Butter at by 119 Cultures of Bacteria
Isolated from Various Sources

The hydrolysis of the simple tri-glycerides of the fatty

acids occurring normally in butter fat, as well as the hydroly-
sis of tri-propionin, tri-normal valerin, tri-iso valerin and
tri-heptylin which are not normally found in butter fat, was
studied with 119 cultures of bacteria, most of which were
lipolytic. The data recorded represent the typical reaction
observed In 3 or 4 trials with each tri-glyceride, and butter
fat, and also gives a comparison between {(a) the hydrolysis of
tri-butyrin and tri-olein, (b} the hydrolysis of tri-butyrin
and butter fat and (c¢) the hydrolysis of tri-olein and butter
fate Table VII presents the data secﬁredo

The reslts mav be summarized as follows:

l. The percentages of the cultures showing lipolysis
ranged from 100.0 for tri-propionin to 0.0 for tri-stearine.

2. With a slight exception in the case of tri-caprylin
there was a regular decrease 1in the percentages of the cul-
tures showing lipolysis as the molecular weights of the scids
in the tri-glycerides increased.

3e Tri-normal valerin, trli-iso valerin and tri-heptylin
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- The Hydrolysis cof Some Simple Tri- lycerides and 3ut€br>?ne;ﬂy 1]
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were about as easily hydrolyzed as simple tri-glycerides of
the lower fatty acid which normally occur in butter fate.
4. Tri-butyrin, tri-olein and butter fat were hydrolyzed
by 78.2 percent, 74.8 percent and B2.3 percent, respectively,
of the culbtures studled.

5« Only 8 cultures, 4 of which were Pseudomonas scldicon-

cogueng, hydrolyzed tri.butyrin and tri-olein without hydrolyz-
ing some of the intermedlate tri-glyceridese.
6. Three of the 6 cultures which definitely hydrolyzed

tri-myristin were identifled as Achromobacter lipolyblcum; 2

others were ildentifled as Pseudomonas fragl while the other

was l1ldentified asgs Bacterium viscosume

7. A large percentage of the cultures were not consise
tent in thelr hydrolysis of the intermedilate tri-glycerides.

8« There was a 94.1 percent agreement between the hy-
drolysis of tri-butyrin and tri-oclein; some cultures which
hydrolyzed tri-butyrin did not hydrolyze tri-olein, and the
opposite _was also true.

9. There was a 95.1 percent apreement between the hy-
drolysis of tri-butyrin and butter fat and a 94.1 percent
agreement between tﬁe hydrolysis of tri-olein and butter fat.
Butter rfat was hydrolyzed by more cultﬁres than either tri-
~butyrin or tri-olein.

From the sbove summary it may be concluded that (a) tri-

proplonin is too easily hydrolyzed, in comparison with tri-
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butyrin, tri-olein or butter fat, to be used for the detection
of definitely lipolytic bacterias (b) tri-butyrin, tri-olein
or butter fat are excellent fats to be used in the separation
of lipolytic and non-lipolytic cultures and (c¢) the hydrolysis,
by bacteria, of the members of a series of tri-glycerides com-
prising tri-butyrin, tri-caprylin, tri-laurin, tri-myristin
and tri-olein would be s very nseful critorion for the identifi-
cation of organlisms since 1t would provide three dlgtinct
groups as follows:

Group 1« Those organisms which can hydrolyze only
tri-butyrin and tri-olein.

Group 2. Those bacteria which can hydrolyze tri-
butyrin, tri-olein and also the slightly
soluble tri-glycerides including tri- capry-
1in.

Group 3+ Those bacteria which can hydrolyze all the
members of the series.

The Hydrolysls of Some Natural and Hydrogenated Fats
by 92 Cultures of Bacteria Isolated
from Various Sources
The hydrolysis of btutter fat, lard, beef fat, corn oi1l,

olive oi1l, linseed oil, cocoamut o0il and cottonseed oil, as

well as of the 2 hydrogenated fats, Crisco and Clix, was studied
with 92 cultures, most of which were lipolytic. Table VIIT
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presents the data which represent reactions given in 2 trials
with each culture.

The rognlts may be snmmnrir~aed as follows:

l. Twelve of the cultures showed no lipolytic action on
any of the fats.

2. Two of the cultures (24 and S8) hydrolyzed olive oll
somewhat but did not affect the other fats.

3. Three of the oultures (38, 56 and F54) did not hydro-
lyze cocoamit 01l but did hydrolyze the other fats.

4. The percentages of the cultures showing lipolysis ranged
from 763 for cocoanut oil to 84.4 for lard.

5. Eighty and five-tenths of the cultures agreed in theilr
actions upon all the fats used.

From the above summary it is evident that (a) the hydrogena-
tion of the natural fats resulting in more stable fats with
higher melting points did not apprecisbly influence their sus-
ceptibility to 1ipolvsis, (b) olive oil which contains a rela-
tively high percentage of unsaturated tri-glycerides showed a
tendency to be more quickly hydrolyzed than the other fats, (c)
cocoamut o1l which contains a relatively high percentage of
tri-laurin and tri-myristin and =2 relatively low percentage of
tri-olein was somewhat more dAifficultly hydrolyzed than the
other fats and (d) there were such inapprecisble dlfferences
in the 1lipolysis of the natural fats that a differentiation of

bacteria through their action on natural fats would seem in-
feasible-.
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The Hydrolysis of Some. Natural and Hydrogenated Fats by 92 Culture
of Bacteria Isolated from Yarious Sources

Hydrolysis determined by color change or disappearance of

' fat globules in Nile-blue sulfate medium
: Hydrolvsis of fats
T L :
Culture. Natural + Hy
‘Butter : Lard : Beef ¢ Corn :'0Olive =L1nseed30000a- ¢Cotton-iCri:
! fat ¢ t fat * o011 : o3l : o1l :nut oiliseedoil:

6 ¢ plus ¢ plus : plus : plus : plus : plus :1ncomp.: plus ¢ p.

7 ¢ 8low: slow : slow : slow : slow : slow : 3slow : slow.:

8 p%us : p%us : p%us : p%us : 'p%us : p%us : plus : p%us :

9 : : : : i : : inc
F10 : neg. ! neg. : neg. : neg. : neg.: mneg. : neg., : nege. ! n
MIO : plus : plus ¢ plus : plus : plus @? plus : plus : plus !

12 " . n . ] . " . ] : " . 1t . " s p
13 . " : 1 s ] . L . " . 4] . " e 1 :
. " . n . " . {{ S, 4] . " . f . " o
ig ; " : " . " . n . " : " . "oy " :
18 : 14 : L : i i . (] . " \; L1 . f . it .
F19 : neg. : neg. : neg. : neg. : Mnege. 3 neg. : neg. : nheg. : n
gg : p%us : plus : p%us : plus’: plus s plus : p%us : plus I <
F22 ; neg. ; neg. ; neg. : neg. : neg. ; neg. ; neg. : neg. : n
23 : plus : plus : plus : plus : plus.t plus : plus : plus : p
F24 : neg. : neg. : neg., : neg. :incomp.: neg. : neg. : neg. : n
26 p%us : plus : plus ¢ plus : pﬁus : p%us : p%us : p%us IS o)
. . " - 4 . 1] ° - . . .
gg ; n ; " ; t ; " ; " : 1 ; ft .' " : '
ggg z neg. : nﬁg. : ggg. : neg. : n%g. ; neg. : neg. : nege ; n
31 p%us : p%us : 'p%us H p%us : p%us $ p%us s p%us ¢t plus : p
32 ¢ : : : : . : : ! neg. ¢
32 ¢« "*. . 0 : "o noog o W S : plus :inc
33 : slow : slow : s8low : 8low : slow : slow : slow : slow : s
34 : plus : plus : plus : plus :incomp,: plus : plus ¢ plus : [
3 : " : T . s "y plug s " 2 M : "
36 e n : 7” : n e 11 % n s " . ” . 1 :
- 1] . " . " . 1 Py " . " N n R " .
gg oM oom Lo o w neg. : "
39 :+ "* ., " Low ¢ o "o " s plus: "
F40 : neg. : neg. : neg. : mneg. I meg., I neg. : neg. : neg. : r
i% : plus : plus : plus : 'plus : p%ua : pjus ¢ pjus : plus : g
43 'neg. : neg. ! mneg. : neg. : - : nege. : NeZ. i NEZ. : X

(continued on following
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Tﬁm VIII

[ydrolysis of Some Natural and Hydrogenated Fats by 92 Culturee

of Bacteria Isolated from Verious Sources

ydrolysis determined by color change or disappearance of
fat globules in Nile~hlue sulfate medium

Hydrolysis of fats

Nutuﬁal

. Hydrogenated
: Lard ¢ Beef ¢ Corn ::0live. =Linseed=Cocoa- tCotton-:Crisco ¢ Clix
: ¢ fat o1l ¢ 2 o1l inut olliseedoil: :
t plus : plus : plus : plus : plus :incomp.¢ plus : plus : plus
: slow : slow : slow : slow : slow : slow: slow: ' .
! neg. : mneg. ! nNOgs ¢ neg. ! neg. : neg. : neg. : nNOGg. : neg.
¢ plus : plus : plus : plua ¢* plus : plus ¢ plus @ -
: oo T "o "o " : "o " : plus : plus
. ] . n . 1 . " . " . " . " . " . "
. " . " : 1 . [ . " . n N " . " :' "
. n N n . " . 1 : " . " : " . " . "
; " : " . " ; L " . " ; S n " . "
$ neg. : neg. : nNeg. : nNegs. s Neg. : neg. : neg. : neg. : neg,
¢ plus : plus : plus : plus ® plus ¢ ‘plus : plus ¢ plus : plus
. " - : | . n e K ” . " : ” . " : n
* neg. : neg, : neg. : mneg. : neg., : neg. : neg. : neg. : neg.
t plus ¢ plus ¢ plus : plus’': plus : plus ¢ plus ¢ plus : plus
: neg. : neg. : neg. tincomp.: neg. : neg. : neg. : neg. : neg.
: plus : plus : plus : plus : plus : plus : plus : plus : plus
» " - 144 . 1] e B . 1" . " . ” e n : "
; [ ; oon ; " ; " ; " . fr . n . " . n
: neg. : pgg. :. neg. : _nﬁg.’: neg. : neg. ; neg. : neg. : neg.
¢! plus ¢ plus : plus ¢ plus : plus ¢ plus : plus : plus : plus
e "o, . . " 4 neg. :
: Ty ® . 0 s, w "+ plus tincomp.: "
t slow : slow: s8low: slow: slow: slow: slow : slow :- "
¢ plus ¢ plus : plus vincomp.: plus ¢ plus : plus : plus : "
N " . " : " s plus s " : " : n . n : ]
’= ” . " s L % s 4} . ] : 14 . n : 7”
, " - " . " A ] T n . ] o n . " . f
e neg. I T
: " ' " . " : " oo : plus : " : " .o M
! nNege : neg. : mnNeg. ! Neg. ! nege : nNeg. : neg. : neg. : neg.,
E' p%us E plus E p%us 3 p%ua § p%us.g p}us ; p%us i p}us § p}us
! neg. : neg. : neg. { ‘neg. ¢ neg. ! neg. : neg. : neg. 3 neg.

(continued on following page
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TABLE VIII

{continued )
45 : plus : plus : plus ¢ plus ¢ pilus 3§ plus : plus ¢ plus : plL
46 : slow : "o "o " : " : " : " : "o "
47 : plus : " : "o "o o : " : "o "o "
4:8 : (1] : n : 4] : 1 . 14} ' " . 1 . " : n
49 . 4] . " . 1" s 4] . ”n s " . n . 14 . "
50 s [{] . L} . " . t s 1" 'y n . " . 1] s 1@
F51 . " : n ' 4 < " . ” 1 ” ¢ i < 1] ¢ ”
F52 : neg. :incomp.:incomp.: neg. : neg. : neg. : neg. : neg. : ne
F53 :+ " : nege : mneg. : " ¢ " ¢ " . M. Mo, W
53 :incompH** plus : plus : plus ¢ plus ¢ plus : plus : "o
F5¢ : " ¢ " oy " . "+ " '+ neg. : plus :
556 : plus : n : L "o "+ plus : "o
F56 : nege :° " "o " s neg. " 't neg. : neg. @
56 : slow : " : slow : " sincompe: " : "« plus :
657 : oplus : n t plus : " : plus : slow : plus : "o
58 : neg. : neg. : neg. : neg. : " : neg. : neg. : neg. @
63 ¢+ " : " : " : n : neg. : " : " : quest.:
66 : plus : plus : plus ¢ plus : plus : plus : plug : plus :
68 : " "o "o "o T " " 1 slow :
69 ¢+ " M L "oy " ¢ " v plus :
0 : * ¢ v, Mmoo, W B,y "
71T ¢ " "o ® ¢ " s neg. t " : neg. : neg. :
72 ¢ neg. : neg. : mneg. : neg. : " i meg. . " o
73 ¢ plus, : plus : plus ¢ plus : plus ¢ plus : vplus : plus :
83 : questfX tquest, * " : quest.: " : neg. : neg. :
83a : neg. ¢ : plus : " : neg. : " : quest.: plus :
84 : plus : : " ¢ "™ : plus s " : plus : "o
85 . ] : : n . ] . "o, f . " : " .
ge : " R S T T
F87 ¢ neg. : ! neg. : neg. : neg. : neg. : neg. : neg. :
87 : plus : ¢ plus : plus : plis ¢ plus : plus ¢ plus @
F88 : neg. ¢ : neg. : neg. ¢ neg. : neg. : nNeg. : neg. :
88 : plus @ : plus : plus ¢ plue : plus ¢ plus : plus :
gg : " : : L "o o " :incomp.: N
90 : " . . " . n s ’f ’ : 1" . " s 4 s
91 ¢+ M s ®* o, v . M. " plus : " pl
g2 « " : L N "o " sinco
93 :incomp.: plus :incomp.:incomp.: " : slow :incomp.: "o pl
94 : plus : " ¢ plus : plus : " t plus : plus : n 2 "
95 : 4] : \ s B } ) {44 . 1" s n . " . n : ]
109 : n . L . " . " . 114 . " : n : n : n
11t ¢ * ;. ¢ . oM .m .M. M. " s4ncomp.:
112 :+ ' roo L S T R " ¢ plus :
' - {continued on following page)
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TABLE VIIYI
(continued):
~11ld ¢ plus :incompsiincomp.tincomp.: plus T plus ¢ plus tincomp.:’
Fll14 : L L : t x : t ! neg. : neg.

115 : plus : plus : plus : : : " i plus :

116 " tincomp.: neg. : " : " : " : " tincomp.

117 ¢ " : plus : plus : oo L " : "+ plus

118 : " : " s 1 : " . " . -1t : " . " : plus

119 : 1 . " . " . 1" . 3 s n : 1t . ] .

120 " . it .ot : " ; Sn : 1 . " . 1 .

121 1" . " : " . " . oo, " . " : " :

122 . 1 ; t . 1" ; " : it : 7 : L ) :. ] ;

125 : 1 : n . " . 17 . (1] - n . " . " .’

124 "o "o "o " :incomp.; L W

125 ¢ " . " oomom plus : neg. : " oz " s
C : : : : : 2 : i :
u plus: 80,47 : 86,07 : 83.7% : 84.8% : 82.6% : 835.7% : 77.2% : 78.3% : 79.2%
1 : : : : o 3 : : :
t neg.: 18.5% : 14.0% : 15.4% : 15.2% : 16.3% : 15.2¢ : 21.7% : 20.6% : 20.8%
u : : R : o : : t :
r quest. 1,19 : 0,04 : 1.1% : 0.0% : 1.1% : 1.1 : 1l.1% : 1.1%9 : 0.09
e : : : : : : : : H
8 : : : : ! :. : : :

%

- F cultures

not in regular series.
%% Questionable hydrolysis.
#*% Incomplete hydrolysis,
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TABLE VIIY
(continued)

1COMP. siNCOmMP. $1NCOmMPs: pIlus ¢ plus : pilus fincompes 1

"t e "My " s neg. ¢! neg, ! neg.
plug ¢ . plus : plus: " ¢ " ¢+ " 1 plus: :
icomp.: neg. : " ¢ " " " :incomp.: :
plus : plus : "o L S " ¢ plus : :

s P e oy o m Py " 2 plus ¢ plus

1t » 14 . i : [ : " . 1" . " . s

u . 1" . " . n : " . " . " . .

w . 1" . " . tt . " N " . " : .

" : ] ; n . n ; " : n : n . ;

n . " o " . " . n . " . ) . .

" . " . " : 1ncomp. : n . f . “ . " . "

" " " " " n "

: : 3. _Dplus : neg, : : : :
16,08 : 83.7% : 84.8% : 82.6% : 83.7% : 77.2% : 78.3% : 79.2% : 79.2%
14.0% : 15.4% : 15.2% : 16.37 : 15.2% : 21.7% : 20.6% : 20.8% : 20.8%
0,04 : 1.1%: 0.0 : 1.1% : 1.1% : 1.1% : 1.1% : 0.0% : 0.0%
: : : : : K : :

% in regular series.
hydrolysis. '
drolysis,
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SUMMARY

1., Nilg-blue sulfate was not specific in its staining
reaction for elther tri-olein or olelc acid. With this in-
dicator the simple tri-glycerides of all the volatlle fatty
acids from butyric to capric, inclusive, were colored red or
reddish pink, and caproic, caprylic and capric acids were
colored bluee.

2¢ Nile-blue sulfate and 1litms were equally useful
as indicators for the detection of the hydrolysis of some
of the lower tri-glycerides.

3¢ The disappsarance of fat globules and the color
change of fat globulss, in the presence of Nile-blue sul-
fate, were equally accurate %ests for the detection of the
hydrolysis by bacteria of the tri-glycerides of the lower
fatty acidse.

4. Reasonable variations in the pE of the mrdium did
not appreclably affect the hydrolysis by bacteria of tri-
olein or cottonseed oil; it was quite evident, howsver, that
a rather alkaline reaction favored the lipolytic action of
bacteria.

5. The method of dispersing the fats which would ordi-
narlly be dispersed in Nile-blue sulfate agar, for the de-
tection of fat hydrolysis by bacteria, had little influence
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on the resultse.

6 Tri-butyrin, tri-olein and butter fat were generally
hydrolyzed by the same cnlture of bacteria and were therefore
equally useful 1ln the Nile-blue sulfate test for the detection
of 1lipolysis.

7+ There seemed to be very little difference betwesn the
action of 1lipolytic bacteria upon butter fat and upon certain

other natural fats and oillsge
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SECTION II

THE ISOLATION, IDENTIFICATION AND CLASSTFICATION
OF LTIPOLYTIC BACTERIA
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GENERAL CONSIDERATIONS

The 1solation, ldentification and classification of lipo-

lytic bacterls were nundertaken with the following considersations

in minad:
l. The application of the Nile-blue sulfate technique (see

Section I) to the isolation of lipolytic bacteria.

2. The application of the information contained in Sec-
tion I, concerning the action of lipolytic bacteria on some
simple tri-glycerides and some natural fats, to the identifica-

tion of llipolytlc bacteria.
3« The classification of the lipolytic bacteria which are

of very great interest, commercially, because of thelr action

on fats and because of their prevalence in dairy products-
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PART T

THE ISOLATION AND GENERAL CHARACTERISTICS
OF LIPOLYTIC BACTERTA

STATEMENT OF THE PROBLEM

The isolstlon of lipolytic bacteria was undertaken to
determine the numbegs and types of lipolytic bacteria in
various materlals and to study some of the general character-
1stics of these orgsenisms so that the group con be readily

identified.
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REVIEW OF THE LITERATURE

Various investigators have reported the lipolytic action
of certain microorganlsms whlle some of these workers have ale

so shown the relatlionship of miercorganisms to the rancidity

of butter.
In 1886, Escherich (25) studled the relative lipolytic

abllity of a number of bacteria and found the percentages of

fat hydrolyzed by these organisms as follows: Bact. fluores-

cens non-liguefaciens, 8.03 Bact. fluorescens liquefaciens,

56-7} streptococcus, 24.0; Micrococcus ovalls, 31.0; Bact.

aerogenes, 43.03 Bact. coli, 41.0 percent.
Sommaragua (70), 1894, by means of his method (see Sec-

tion I) found that B. pyocyaneus and M. tetragemus hydrolyzed
fate.

Fprom a study of the hydrolysis of tallow under a solid
medium, BEijkman (23) showed thet some organisms produced a
diffusible lipolytic enzyme (A-lipase) while others produced
an enzyme (B-lipase) which diffuses less readily and is more
gsensitive to the pH of the mediume In the group of rapid hy-

drolyzers he placed Bact. pyocyaneus, Staph. pyogenes aureus,

Be. prodigiosug and B. fluorescens, while in the group of slow

hydrolyzers he placed B. indicus and B. ruber.
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Orla-Jensen (57), 1902, oredited the following organisms

with the ability to produce hydrolytic rancidity: 0Oidium

lactis, Cladosporium butyri, B« fluorescens and B. porodiglosus-
According to Lexa (48) the splitting of fats occurred
principally with oidia, penicillia and mucor moulds as well as

with Bacillus fluorescens liquefsclens and to a lesser degree

with some saccharomyces, Bacillus 2 and Bacillus 3. Barthel

(7) found that 0idium lactis, Bacillus fluorescens liquefaciens

and Bacterium prodigiosum can split butter fat to cause ran-

cidity but are incapable of splitting glycerol and that
Cladosporium butyri and Penicilliwm glaucum can split glycerol.

The lipase of Bacillus tuberculosis and other bacteris was

investigated by Wells and Corper (77), 1912, who used olive oil,
ethyl butyrate and trilacetin for the detection of hydrolysis.
They found that B. pyocvaneus and S. pyogenes aureus were the

moat hydrolytic while B. dysentarise and B. coll split the fats

to a lesser extent. Each orgm ism produced a corresponding
effect on all the esters used which sugrests the non-specificity
of lipases.

Evans (27) in 1917 reported fat-splitting by Bact. abortus

vare lipolytlcus which is commonly found in freshly drawn milk.
Fuarther studies by this author (26) in 1918 showed that some
strains of bascteria which seemed to be closely related to

B. lipolyticus were able to decompose the fat In the cream layer
of litms milke.
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In 1922, Seliber (67) investigated the fat-splitting

abllity of B« pyocyaneus and scme moulds nsing olive oile He

showed that B. pvocyaneus was lipelytlc espscislly in the pres-

ence of a good supply of peptone. According to Hasg (33),

1928, Basct. pyocyaneum 1s the only bacterium that can attack

palmitic and stearic aclds, but sven thils organism cannot split
the tri-glycerldes of these aclds. He showed that palmitic

acld could be readily attacked by Mucor micedo, P. glauvcum, an

Aspergilliug and an Gidlum from the air. Most of the cultures
which he stuvdied could hydrolyze olelc acid and tri-olein.

B. flnorescens ligquefaclens, lMycobacterium lscticola, 0. lactis

and“dfﬁer moulds showed good growth In these substances, while

streptococel, micrococel, B. coii, B. subtilis and Torula grew
rather poorlys
Hussong (42), in 1932, showed the relationship of an orw
ganism, which he identifled ss Pg. fragl, to rancidity in butter.
According to Berry (9), 1933, who used the copper sulfate
soap method for the detection of microblal lipase, fat-splitting

was observed with Staph. aureus, Staphe.albus, Sarcina lubea,

Ps. fluorescens and moulds, but it was not observed with B. sub-

ﬁiiiQ,NB. mycoides,and yeasts iIn generale.
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HMETHODS USED

Isclation

Moat of the lipolytic bacterla were isolated without the
‘use of enrlchment methods by one of the following procedures:

Method I. Nile-blue sulfate agar (Section I) was used
with the regular plafing technique for the lsolation of lipo-
lytic bacteria from dairy products and other materials. 1In
this method the inoculum was placed In the plates and the
agar thoroughly mixed with 1t. The dilutions‘wera sufficlent-
1y high to 1limit the number of colonies of lipolytic organisms
to less than 50 per plate and thus bto preveht the fusing of
the hydrolyzed zonea. Emlsions of any one of several natural
fats or oils were used with equally good results. The pletes
wers Incubated at room'température for 3 days unless the pres->
encé on the plates of rapidly diffusing lipase made 1t neces-
sary to count them earlier.

Method 2. Proteclytic cultures were picked from milk pow-
der sgar®*into litmus milk and were then Incubated at room tem-
perature for 10 days. The cultures were observed closely and
at the énd of the incubatlon period the various types were
teated fér lipolytlic abilitye. -

¥Ayers and Mudge (5).
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Method III. Some cultures, especially of fluorescent

types, were secnred from various workers in the lsboratory;

most of them had been lsolated from begf infuslon agar plates,

and their sources were air, water or factory equipment.
Puriflcatlion

All the cultures were purifiled by plating or by maklng
a series of dilutlons before they were studied further.

Establishment of the Lipolytic and Proteolytic
Abilities of the Bacteria Isolated

Lipolysis. The amount and the type of lipolysis brought
about by the purlified cultures were determined by culturing
the organisms on the surface of Nile-blue sulfate agar cone
taining dispersions of butter fat. The procedure was carried
out according to the method outlined in Section I.

The lipolytie actlionm of the bacteris studied was dese
cribed as follows: Lipolytic action on the fat under the
colony growth was recorded as "complete" when all the globules
had changed color or had disappeared, and was recorded as
"incomplete"” when all the fat globules had not changed color
or disappeared. Production of a diffusible lipolytic lipase
was recorded by the use of one or several positive signs; a
negative sign was used to indicate the sbsence of a lipase.

Proteolytic action. The proteolytic ability of the bac-

teria studied was recorded from observatiohs of litms milk
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cultures whioh were held at temperatures that previously had
been found suitable« DProtnolvasis was considered negatlive,
1.0., the cultures wore oonsidered non-proteolytic in litmus
milk, when no digestion waas evident in three weeks. Definlte
proteolysis was recorded by one positive sign when the litms
milk was completely or almost completely digested in 10 days,
while it was recorded by two positlve signs when the litmus
millk was completely digested in 3 or 4 days. Chemical deter-
minatlions to détect proteolysis not visible to the eye were
not mdee.
Action of Lipolytic Bacteria in Butter

The effects of the lipolytiec bacteria in butter were de-
termined by lnoculating small amounts of cream, with such
quantities of young litmus milk ocultures, that the finished
butter would contain from 50 to 500,000 bacteria per mle The
butter was churned in gquart fars from one nound quantities of
medium rich, sterile cream; it was unsalted, pecked in sterile,
glass jars and stored at room temperature. The lengths of
the holding periods depended on the development of definite
defects In the butter. When no defect was detected, by means
of the senses of taste and smell within three woeks, it was
considered that the culture used was not injurious to butter,
8lnce the storage conditions wore optlmum for bacterial growth.

The detsction of the inoculated organism as well as the
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initlal mumbers and the development of these in the fresh and
stored butter were determined by means of the regular plating

technique, with either beef ‘nfusion agar or with the Nile-

blue sulfate mediume
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RESULTS OBTAINED

The Lipolytic Bacteris Studied - the Sources,
the Lilpolytic and Proteolytic Actions and
the Defects Produced in Butter

The identification, the sources, the lipolytic and pro-
teolytic actions and the defects produced in butter of 159
lipolytic organlisms studled are presented in Table IX and
summaries are given In Tables IXa and TXb. The type of 1ipo-
lytic action and the defect produced in butter sre considered
general characteristics since they facilitate s rapid classifl-
cation of lipolytic bacteria into general typese.

The sources of the organisms may be summarized as follows:

1. Fifteen cultures, consisting chiefly of Ps. fluores-

ceng or related types, were isolated from cresmery alr, tap
water and various pleces of creamery equipment. .

2. Fifty-rive cultures, inciuding several specles, were
isolated from raw cream or raw sklmmllk aged at low tempera-
tures, while three cultures were isolated from fresh raw milk.

3¢ Thirty-five cultures, including several species, were
isolated from raw cream butter which had developed rancidity,

cheesiness or other defects when stored for a short time at

6° Co.
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4. Thirty-four cultures, including several species, were
isolated from raw cream or raw mllk which developed rancidity
when rather freshe. Some of the cows iIn the herd from which the
milk was obtained were well advanced in lactation.

5« Six cultures, including 3 cultures of Pg. fragi, were
lasolated from butter which had been made in poorly washed clmrns
and which had developed rancidity during a 7 month storage
period at 0° C.

6. Two cultures were 1solated from cream which had besn
pasteurized at 145° F. for 30 minutes.

7. Seven cultures were isolated from cream of unknown
origin.

8. Pse fragl types were commonly isolsted while Ps.

fluorescens types wers seldom lsolated from stored butter.

'Table TXa surmarizes the data on the relationship between
the lipolytlc and proteoclytic actions of the bacteria studied.
An analysis of the results presented lsads to the following
conclusions:

l. All the lipolytic bacteria were not evidently proteo-
lytic but with the lipolytlc bacteria that were proteoclytic
there was o fairly close agreement between the rates of lipoly-
sis and proteolysis.

2« Many lipolytic bacteria rapidly hydrolyzed the fat
under the colony growth but did not produce a rapidly diffusible
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1ipase while some orgenisms which did not completely hydro-
1lyze tho fat benoath the colony growth produced a rapidly
diffusible lipase. These characteriastics seomed to be con-

stant for the various groupse.

3« With the organisms not showing evident proteolysis,
inoomplote lipolysis was more common than complete lipolysis.
This observation suggeats that the abllity of lipolytic bac-
teria to bring about proteolysis was more closely correlated
with their direct action on the fat than to their indirect ac-
tion through the production of rapidly diffusible lipolytis
enzymes »

Table TXb pivegs a symmary of the dnta on the relationship
between the lipolytic and proteolytic actions of the llpolytic
bacteria and their production of defects in butter.

An analysis of the results shows that:

1. Of the 80 cultures investligated from the standpoint of
their action on butter, 58 (72.5 percent) produced definite ran-
cildity, while almost half of this nmumber produced very strong
rancidity. The species of lipolytic organisms most effective
in the production of rancidity wers A. 1lpolyticum, Ps. fragi,
Ps. fluorescens and Ps. mucidolense

2. Twenty-five (31+3 percent) of the cultures produced
strong rancidity in butter and also showed complete lipulysis,
with a rapldly diffusible lipase, and rapid proteolysis.
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3. There was an almost complete agreement between the
lipolytic action and the production of rancidity with 47
(55.7 percent) of the cultures and between the proteolytic ac-
tion and the production of rancidity with 33 (41.3 percent) of
the cultures.

4. The orgenisms that rapldly hydrolyzed the fat under
the bacterial growth and were actively proteclytlc produced
rancidity in butter very rapildly.

5. Of the 28 cultures (18.8 percent) which did not pro-
duce rancidity In butter 5 produced cheesiness, 4 produced a
"May Apple" flavor and odor, 4 brought about slightly putrefac-
tive conditions and the remainder produceé undefined or no de-

fecta.
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. ‘TABLE IX
- The Lipolytic Bacteria Studled-the Sources, the Lipolytic'ana Prct

. ;Description of sourges of opgenisms?
*Culture;' Specles or morphologic type . Dairy product . Age of g%§°ra§?:
s ' o ¢ or other source .proctuot-
; ;srﬁm ngg. rgd ;rﬁw craam. ; g days: 15. c.f
5 . 1] " n ’ ” it s 4] i : 1 s
4 s n " it : L " : n : 60 C.:
5 tPs, fluorescens traw skim milk $ fresh H s
6 :Ps. synxantha icreasmery air H H s
7  :Ps, schuyikilliensis : " A : EE :
8 :Ps. fluorescens ' sraw skim milk '+ 6 days: "
9 :Ps. fluorescens var, patula e " v R T
12 :Ps, fluorescens :churn skim milk : H :
13 :Ps. fluorescens : v s ¥ :
14 :Ps, myxogenes : " roon : - s
156 :gram neg. rod traw cream :15 days: 0° C.:
16 :Ps, fluorescens s " " 212 " 2 62 (C,:
17 - :Ps,. fluorescens s " 120 " ¢ 00 C,:
18  :Ps. fluorescens s " " 21 " s " s
20 :Ps. fluorescens var. zymogenes s " " 20. % ¢ " ¢
21 :Ps. fluorescens s " " AL S :
23 :Ps. fluorescens e " 10 " ¢ 69 C.:
26 :Ps. fluorescens s " " ¢ 5 " ¢ "
27  :Ps. fluorescens var. zymogenes s " " 21 ' s "
.88  :Ps, fluorescens var. patula : " " 21 " s "
31 :gram neg. rod. . s " N 14 " 2 09 ¢,
32 Ps, synxentha s ¥ " S D
33 - .:Ps, schuylkilliensis stap water : : H
34  :Ps, fluorescens var. patula srow skim milk : : :
35 :Ps. schuylkilliensis stap water : : K
36 :Ps. synxantha cailr : L, H
37 :gram nag. rod iraw cream 25 " 15’ C.:
38 ~Ps. fluoresc°ns var. rad%ans : x - z :19 ﬁ : 0° C.:
39 g " ' : : : :
41 : B. mucidolens s " " ¢ " 2 15% C.t
42 . :Ps, fluorescens :t%p wager : : :
43 : Tan Neg. rod - H s . :
45 :gsq flugreacens :raw creem hutter : Qli Dot
46  :gram mneg. rod e " " : : % e
47  :Ps. fluorescens var. patula e " " ) : : 6° C.:
48  :Ps. fluorescens : " " : : 21° C.:
49 & " :raw cream : 6 days: ©0° C,.:
50 :Ps. fluorescens var. patula s "o 120 " ¢ 18° G,
51 :Ps. .fluorescens var, radians : " 215 " s " g






‘TABLR IX
ytic and Picteolytic Actions and the Defects Produced in Butter

of oy gmism i mﬁolzﬁo action ;proteglyticﬁgggeg;: S
_of 4 °g§?§?’baoge;fal’diffuZible’ action in siween  gPefect produced in butter
_—EW

days: 159 C,sincomp. 1 = : + ! -
A L S s » : + ¢ =t
" ¢ 1® : " ? - : o+ H - H
AL : 60 (Q,: n : - : + : - H
esh ¢ :comglete R s ++ : srancidity +
L H ! : - : ++ :t ++ :slow rancidity
-8 sincomp. @ + : + : o+ tvery slow rancidity
days: "  :complete : + : ++ : 4+ rancidity + ‘
" ¢ "  sincomp. - : slow $ + slow rancidity
! :camplete : + : ++ : o+ srancidity +
| s : + : ++ : + :rancidity +
s s " s 4+ : -+ ¢ 4+ rancidity +
dayss 0° C,s:incomp. 3 - + ¢ - 3 A
"t 69 C,jcomplete :  + s 4+ : + :slow rancidity
"y 00C,3 " P s 4 : + vencidity + .
"s T s " : -+ : ++ ¢ + :cheesiness and rancidity
SAERE LE SR R A : + : 4+ rancidity
A A $ 4k : ++ : ++ :cheesiness and rencidity
" s 6%9¢,: " $ : ++ : b e " . "
N R T = : ++ IR = T
S LY S ! : + : + :rancidity
" .+ "  sincomp, ¢ - : slow T o+ 3 " ‘ -
" .2 009¢C,: " s : + .t % slow rancidity:
e S s - $ +. L
3 : " e + : + : 4 :very slow rancidity
2 :comylete 3 + s -+ T+ : S A
s 3 ' : + : + : + very slow rancidity
g : 7 T -+ X ++ - : + :objectionable, not rancid
" s 18° C.: ™ : + ¢+ slow ¢ =« :slow rancildity
» b4 0° C. . " H ++ 8. R H +"' ° S it et
1 e 114 s ” ¢ e ] 4 H e H
" :15° Co: " ¢ : ++ ¢ ++ rancidity ++
: : R : + : 4+ s " +
: tincomp. - : slow I
3 21° C.:complete : ++ s ++ : <+ rencldity +
: " “s:incomp. - : + : = o rancidity
: 6° G,z T : -+ : slow t -
¢ 21° C.:complete : + : ++ T o+
lays: 0° C,.: B + : ++ ¢ 4+ rencidity +.
T2 15° C.tincompe ¢+ :  slow O
Y. .3 " scomplete : + : " : 4+ 3
{continued on following page) -







TABIE IX (o

-l ‘Description of sources of ormenisms ‘'
#Culture, Species or morphologic type . Dalry product  iAge of- ’%toragg :
. . or other source .product.nggghgt“

52 A. lipolyticum iraw crosm $ 1 dey‘s 15° C.sf
53  :A. connii : " : 8 days: 6° G,
54 :Ps. acidiconcoquens : " " el :+ 0° C.:
55 :gram neg. rod s " " A R T
56 :Pa. acidiconcoquens : " n :t 8 " ¢ 6° C.:
57 :A. connii s " 220 " 2 0° C.u
58 :micrococcus . e " " AL S
59 :Ps. acidiconcocguens s " " s "oy " H
60 :A. connii : v " 20 " 2 " e
61  :Ps. acidiconcoquens : ! . t9 "o 6 C.:
gg iPS . fragi . " :10 " : % C.Ej
64  :gram neg. rod : " 12 " & 6° C.:
65 . : " " 215 " ¢ 0° C.:
66 :Ps, acidiconcoquens’ s ! n $10 " 1 6° C.tt
67 :Pa., fluorescens var. patula : i : 5 " 2 " a4
68  :A. connii : ", : fresh : £
69 :N ] : 4] : : [}] " . - A;‘ - .
70  :Ps. fluorescens var. patula s " " 214 days: " o
73  :Ps. fluorescens R " : 7" s Q% Gt
74  :reducing, fluorescent gram neg.rod: " " 20 W T
75  :Pg. fluorescens : 3 " R
. . o n " iy -

zs :gram neg. rod . i : n A8 Cer,
78 . n " ; 1 n :15 W ; 6° C.:;
79  :reducing, fluorescent gram neg.rod: " o + MOy 0° G
80 :Ps. fluorescens g " " R S
81 :igrem neg. rod ¢ " " £ 6 " 1 6° C.t
82 :Ps. fragi s " " : " 75 0° gLt
83 :S, marcescens (probable) ragar : H e
84 .:A. comnli traw cream butter @ :t 6% C. st
85 :Ps. fluorescens var. patula : - : : :
gg :Ps. fluorescens ver. glycerolytica:rﬁw cream : e :
88 ;micrococcus ;churn ; ; ; ;
89 [] " . n . ‘ . e
gg :%. lipolyticum srancid butter : s 2
93  :Pa. fragl :01d cream : e :
94  :A. lipolyticum trancid butter s P a0
85 :Pa, fluorescens var.patula .air : pooL s:
o tA. lipolyticum : : ol H
98 tPs., schux}killiensis 3 : Liog 2






TABLE IX (continued)

sifAgree=t.

B
$ e
of organisms *Lipolytfe action Proteolytic.ment bes

‘Storage vvUnder ., ! action in | Defect produced in butter
dugtfs 0.0 bactorial duTuszfle,litmus milk,zwzgg B
day 't 15° C.:incomp. s - s + s - :cheesliness ++, rancidity +
dayss  6° c.zcomylete : - : - : - H
.1 0° C.t : - : T : + :slow rancidity,putrefaction
.1 " iincomp, 3 : + P -
s 6° C.s M : - $ 4+ ¢ = very slight change
" ¢ 0° C.:complete : - s ++ : + :very slow change
" syery slow: - : + : = :8light cheesiness
"oy :complete : - s ++ : 4+ :slow rancidity
A I : - : - : + :0ff - not rancid
"+ 6% Cer " : - : ++ : + :slow rancidity -
"y 0°Cer M : - : ++ : 4+ " "
"L "™ sincomp. - :very slight: + :"May Apple"
. s 6% C.: " : - : very slow : + :very object'ble, not rancid
". 2 0° C.: : s " "o tvery slow rancidity
“ 't 6° C.:icomplete : - : ++ ¢ 4 :0ff - not rancid
U S sincomp. @ + : + ¢ -
3shh @ tvery slow: - : - H + H
S s " "o - : - : 4+ trancidity
lays: " s:incomp. + : + :t + rencidity
" s 0° Ces M : + : + T
nly moo, m : + : + : 4 o definite defect
"o :complete : * : + : 4 rancidity +
o2 158° C.: ! : + : + : 4+ :rancidity +
o8 tincomp, @ + : slow : 4+ 3
"1 6° C.:comvlete : + : + : o+
" s 0° Ce: M : + : + t + no definite defect
they w oy w s+ : + s+
"2 6° Cer " : - : slow T 4+
s 0% Cer " : - svery slight: - :"™May Apple", rancidity
R ~tincomp. @ - s : - :
: 6° C.:complete : + : - T -
Ve : ' s+ : slow : - .
Lt s " : + : + s + rancidity +
Lg : " : + : + s+ '
b : " : + s - : -
Lot tincomp. ¢ ++ H slow H + H
o :comglete s : + : o+ tremcidlty ++
S : e + : + ¢ 4 srancidity ++
Pt tincomp. : slow s+ srancidity
P8 icomplete ¢ + H + T 4+ trancidity ++
Bt ¢sincomp. ¢ + s + : + srancidity
iiz' scomplete : + - +. H + srancidity ++
I : slow : + H : 4+ :slow rancidlty
TR ‘ {continued on T%llowing page)
. \L' 5
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*Cu1A - TABLE IX (co!
~Culture - 8
. morphologic type . eription of sources of ;
105 e H Dai ry pr & 4 Orlm sms :
108 :8 am neg, rod « Or oth oduct «Age of ‘Stor
108 4. lipolyticum : er source sproductsis ag?‘
111 tP8. fragl iTaw cresm : uctg_fgﬁ&_'
s " ;§33°id butter : 7 deys: 6° C,@
-gr an neg‘ rod . cream : " . mri&bl .
113 :Ps ¢+ ranci : ! 6
i16 : " am neg_ rod : ! o : " "s.: 0" C'E
i e A
... . it : . " H
1 9 v H 4] . 1 1 ‘e :
120 .?act. viscosunm . n 7,!' . ] " : " .
121 .g-;;mfragi : n ;: s " da sf .:: :
%-gg . “Ef n?’g’ r.!otd H " 1" . :: r:y ; 60 C E
. H H t o | b
124 :A' 1lipolyticum j:ncsid dirty butter: w ou " :
15 - :Pﬁ- fragl :chgc‘d butter T s o " .
126+ " ;cheesy renc. butter: " " g,y 8
1 :Ps. fluoresc . it butter . onoow I s
127 :Ps. fragl ens var. radians : t P A
28 :A. connii smarket milk AL 3 A .
129 " i ' srancid : frosh & :
131 :és: frlaloiescens var, glycerol : s i ; " Coz
e castical 1 S
%54 :Ps, fﬁggi't“’“m : ! " S
R, [ L R T
137 ._:%ram neg. rod =ch§§sApp19"'butter g "o 256 Cu2
138 sgr connii  hoagy bavte batbers " " i ol
139 :gigm neg. rod =°hee:§ ??;;Jter S : "
%2% . rococcus _ 31‘8n01 3 nﬁ-lf:. hutters ; :: " " :
H (14 : ] 50 c :
Py « U P4
iig ; :: - :putrefactive butter :30 :: : oo
146 -~ o~ " : n . T :V&rﬁﬁoug 3
147 : . sour cream . o oo H
. - butt ° LA »
1 . er @ . :
% ; isweet oroam bukber : B Wks.t :
o . - . e
%gg ffs f:gl1 zsour cream butter N 10 dayss’ :
153  seps uorescens var :rancid R -
-gr‘am ne + Zymogene butter O :
154 ‘SP 8 rod 8 :rancid mi e - P H
R jrenge mh oor i
) H 1 : . ;i{ 6° ¢ :
e n 4 2 1 o . ¢
butter - . '

156

H






ABIE IX (contimed)

' °f85n18ma=**L12011t£c action :Protegijtic ﬁggzeg"‘
orage, under * actiom in ° °"Defect produced in butter

Lct it .of’bacterial difrugiblo'litmug mi 1k tween

: A and B:
iys: 6° C.zinoomp. $ -+ : slow :  +
' marioble:complete : + s 4- : o+ :rancidit‘y ++
t €° C.:incomp. : - s T+
8.8 O Ces s - svory slight: + :no definite defect
o °complete : + H +
L2 b sincomp. ¢ + svery slight. + -rancidity
L T : + t slow t + :putrefaction
R S R S : - : - t 4+ ¢
B T : + : slow T + ¢
ys: " ¢ " : - tvery slight: - : e
" 1+ :6° C,:complete + : - ¢+ « rancidity
¢ " sincomp. ++ ¢ slow s o+
| L T : - : slow : o+
s, " scomplete : +.. -:very slight: - :
et g0 : + : + s +  tpancidity
3. " sincomp. + ivery slight:s <  :rancidity
' :/ "o 7 : + : ¢ "T s =  rencidity +
h :complete s o+ : + : + srancidity
8¢t 10° Cez ' : + : - : = :"May Apple", rancidity
-
: "  sincomp. + : + : + crencidity
O B T : + :very slight: - :"May Apple”, rancidity
s [8° C.scomplete : ++ : + t + rancidity ++
I : ++ : - : - e
SR T P T : ++ : - : = srancidity ++
B L S PR : - : - 2
L T : - : - s -
t ' 8°Cer " : + : - T -
e '/‘ L] s " s + : - e - e
’ :#ar%ous:incgmp. : - - st +
: s ! : - : - T 4+ .3
s - " : - s - Tt 4+ 3
Bel | :complete : - : - ¢+ = :mo definite defect
:/ : i : - : - : - 3
ys:: : " : + : - T - 2
oy ¢tincomp. @ - H - H + H
e e " s - : - R
:10° ¢,z O : - : - L T " "
T :comglete : + : ++ ¢ + moldy flavor
$/ 6% Coz - : + : - : - 2
B SR S : + : - : - 3
BERE . ) . ++ . . - s
< (continued on fbllowing page)
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i IX

#Culture

- Species or morphologlc type

Description of sources of organis

. . Dairy product :4ge of gg%Or“
;s | - : or other source -productlggogﬁ
%gg :Pﬁ. fluorgscens var. glycerglytica:ranﬁid bugter : 7 days' ;h
159 ; t fragi : n #t : It ft E/ "
%gg -glosgly ielated to A, connii tcontest butter i : : :
tPs. frag srancid milk HI s
162 :gram neg. rod : " butter L S
163 :Ps. fluorescens - : " " 7 "
%gg tA. connii 4 :market mil,k H fr%sh :
.gram neg. ro : : :
166 Ps. fluorescens var. glycerolyticairaw cream : : v
igg ; ff 1 t 4] : b4 n E b} f
169 :Bact. viscosum : " " s " e
170  :Ps. fluorescens var. glycerolytica: " " s "
171  :closely related to A. connii tpast. cream (145°FJ: "o
%Zg :Ps, fluorescgns var. zymogenes. -rancid cream H gﬂdﬁys: ;6:
:gram neg. ro : R s
174 :closely related to A. commii e " " ¢ fresh ¢, "
i;g :Ps. fluorescens var. zymogenes : : : : 2 days:/| 2
177  :Ps, fluorescens var. glyceroiytica; " " : 1 day ;j N
%;8 :A. lipolyticum s . : 7 deys:,
180 ';ci0§ely related to A. connii : : ? : 1 day ;  2
81 : | ’ $ ! : : '
182  :A. lipolyticum ¢ " " g g
.183  :closely related to Ps, acidiconco-: . " : s s, .
T ' quens : 2 days:)
184 :closely related to A. commii e 7 " :lday 2o *
185 :Ps. fluorescens var., zymogenes : " " L
186 :closély related to A, connil tcontrol but ter : 1 week:: "
18%7 tBact. viscosum :sweet cream ¢ fresh ¢, "
188 igrem neg. rod :pasteurized cream : 7 days:’ "

¥ Because-of inadequate information some cultures were not included in.the co
culture numbers and the number of cultures (159).

®¥#)1le-blue sulfate medium.
# Positive or negative agreement is decided by & fairly close correlation bet






TABIE IX (continued)

uct iproduct:

3

£ orgnniams’**Linolxt.

under
tomp 0L *bacterial

Lc action

. by
‘diffusible

Proteglytic
action in

.11 tms 11'112!.]:'::A and B}

:#Agree-: - ‘
iment bedperect produced in butter

ttween

.%ya: fe; C,:incomp. + : ++ : + rancidity ++
T : -+ : ++ T o+ e
: : : + : - $ -
wo :comglete : ' : ; .
noo, n . n . + . - ; - ;
mogom g : o+ : - s -3
LA T Y T : + : - ¢ - putrefaction
sh ¢ s "L + : - T -
: s " : + : - ¢ = :0ff - not rancid
: : " : ++ : ++ o ' ;
: e " : + : ++ : o+ e
: s " : 4 : + S
¢ : n s + : - . - :- n " ]
. 1
¢ : : + : ++ T o+ 2
R : " : + T - T - s
ays: ;6° C.: " : T T
f ° 1 W . " . . : ‘. .
e ! . 3 + - ) - » - .
sh ¢/, " ¢ ' : - : - L
ayss/) " ¢ T : - TR & : o+ e
neo, iow N n . + o ++ . + .
ay :J A S : + : +4+ OO S
ayss: "« " : + : + ¢ 4+ rencidity ++
T A T : + : + s o+ e
- . n n
ay ¥ : : + : - ¢ = ot rancid
"y) :’ " . \ | | 4 + [ - - - H
L L : + = + o+
XX : : , : : :
ays:, " s t : slight ++ ¢ + :slight putrefaction
ay .o "¢ 7 : + : - T -
w . "o " : + : ++ .
eeksi " ¢ " + : - $ - 2
sh ¢/ " : oot + : ~ T - :slow rencidi
ays:’: "  sincomp. - : + : = :mo definite defect

in tﬁe-compilation of thi

s teble; this accounts for the discrepancy between the

ation between the lipolytic and proteolytic actions recorded.






The Relationship Detween the Lipolytic and Proteolytic Actions

TABIE TXa

of 159 Lipolytic Bacteria

1y incomplete agreement Iin:
their lipolytic and pro- :
teolytic actiong H

: Lipolytic action ¢ : Cultures
: by s by tProteolytic? :
tbacterlal :diffusible: action ‘mumberipercent
t egrowth ¢ enzyme ¢ s s
1. Cultures showing tcomplete 4,4+ O +++2 t 85 ¢ 59.7
2. . : $ t+or ++ ¢ 85 ¢ 58.7
3. Afreoment between 1 and 2 t : 1 t 52 1 3047
4. Cultures showing tcomplete & 4+ Or +4+3 T 28 :  15.8
5e il " : : : +F t 40 : 25.1
6- Kpreement between 4 and 5 t $ : t 14 +  Be3
ultures showing tincomplete: + or 4+ ¢ : 20 ¢ 125
8o_ i scomplete ¢ negatiwve : ¢ 16 : 10.0
_He i _ tincomplete: il : 1 26 3 1645
10. b i ) : tnegative or: 55 : 345
. H : svery slicht:: ¢
11l. Agreement between 8 and 10: : : t 8 ¢ 5.0
12. Agregment between 9 and 10: : : : 14 ¢ 8.8
13. Cultures described as $ : tnon-protwol.s 46 ¢t 2849
74+ Cultures showing practical-: : s t 98 1 61.6
ly complete agreement in : : s : :
thelr lipolytic and pro- : : : : s
teolvytlic actlons ! : : : H
35 Cultvres showings pmotiocal-: s : Tt 61 : 389

-'[9..




The Relationship Between the Llipolytic and Proteolytic Actions and the

TABLE IXb

R C TS PUNI NP IR I P

Production of Defects in Butter by 80 Lipolytic Bacteria

z
Relationships summarized ,;;;%%%%ﬁﬁﬁ%;;;

1« Cultures producing complete lipolysls, a diffusible enzyme and t 22 : 27.5

strong rancidity in butter — : :

2. ggltures producing rapid proteolysis and strong rancidity in : 23 @ 28.7

1tten . :

3+ Cultures producing complete lipolysis, a diffusible enzyme, rapid: 21 : 26.2

proteglysis and strong rancidity in butter (agreement between 1 : :
and 2 : :

_4. Cultures producing definite rancidity in butter t 58 t 725
5. Cultures producing rancidity + or ++ in butter : 25 ¢ 318
6+ Cultures producing lipolysis in Nile-blue sulfate and rancidity : 47 ¢t 567

__in butter to about the same extent _ s
7. Cultures producing proteolysis in litms milk and rancidity in t 33 :t 41.3

butter to about the same extent : :

8. Cultures producing cheesiness in butter ¢ 5 ¢ 6.2
“9. Cultures producing "Mav Applie" flavor in butter : 4 _: 5.0
10. Cultures producing siisht putrefaction in butter s 4 3 S0
11. Cultures producing undelined or no defects in pbutter r 15 1848

|
(9]
Esv)
¢
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SUMMARY

l. A variety of lipolytlc bacteria were 1solated from
variocus gsources about a dairy plant and from dalry products.

2« Pseudomonas types, ln general, with the exception
of Ps. fragl, were most commonly isolated from sources other
than dairy products.

3. A. lipolyticum, Ps. mucidolens, Ps. fragl and Ps.

fluorescens were most effective in the production of ran-

cidity in butter; these specles, excepting Ps. mucidolens,
were very commonly isolated from certaln dairy products,
in stored butter the Ps. fragl being especlally common and

Pgs. fluorescens rather uncommone.

4. A1l 1lipolytic bacteria were not evidently proteo-
lytic, but with the lipolytic organisms that were proteolytic
there seemed to be a falrly close relationship between the
rates of lipolysis and proteolysise.

5. It appears that the ability of lipolytic bacteria
to bring about rancidity in butter was more dependent on the
direct actlon of the organism on the fat than on the indirect
action upon the fat of a rapidly diffusing lipase.

6« Approximately 75 percent of the lipolytic organisms
inoculated into sterile cream produced rancidity in butter made
from it, this being by far the most common defect produced in



Y-
butter by lipolytic organismse.
7. With the exeeption c¢f Ps. fragl, the organisms which
were most affective in the production of rancidity in butter

rapldly hydrolyzed the fat beneath the bacterlal growth in Nile-

blue sulfate medium and also were actively proteolytice.



PART II

THE TDENTIFICATION AND CLASSIFICATION OF
LIPOLYTIC BACTERIA



T

STATEMENT OF THE PROBLEM

The work herein reported was undertaken in an attempt to
identify and classify the organisms lsolated.
| The lipolytic bacteria have been identified insofar as
possible according to the information available in other sources
of classification. Occasionally, however, previous descriptions
have been insufficient to warrant thelr uses, and in such in-
stances these descriptions have been expanded from Information
seourediin this investigation. Several organisms have been
1dent1§ied according to these supplemented descriptions since
1t seems unethieal to crante new species when the descriptions
available, although inadequate, probably refer to the same or-
ganismg. Previous descriptions have not been supplemented and
new species have not been described with informstion obtsined
on less than four cultures.

A large number of fluorescent organisms have been studied,
and many of these differ enough to justify the separation of
the organisms described on a varietal basis. For this reason,

four organisms have been named as varleties of Ps. fluorescens,

and a Jarge nmumber of cultures which show slight variations

have been identified as Ps. fluorescens. These cultures

probably could have been identifled as other Pseudomonas species
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1f the former descriptions had been complete.
The key outlined for the classification of lipolytic bac~
teria includes some cultures which have been studied but which

have not been identified 1n this investigatione.
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METHODS USED

Characters Considered in the Study
of Lipolytic Bacteria

The lipolytic bacteris were studied on the bhasis of the
following characters:
MORPHOLOGY s

Form and size, arrangement, staining reaction, motility,
flagellation, spore formation and presence of capsulese.
CULTURAL CHARACTERISTICS:

Beef infusion agar colony, beef infusion agar slant,
growth on and llquefaction of gelatin, growth in bouillon,
utilization of amino acids and of ammonla as the sole gources
of nitrogen, growth on potato, reaction in litmus skiwmmilk and
in whole milk.

BIOCHEMICAL FEATURES:

Fat hydrolysis,‘production of hydrogen sulfide from pro-
teose-peptone, hydrolysis of starch, gas production, reduction
of nitrates to nitrites or to free nltrogen, production of ine
dol, production of ammonla, production of acetyl methyl carbi-
nol from glucose, methyl red raacfion and the fermentation of
carbohydrates.

GROWTH CONDITIONS:
Oxygen relationship, range of temperature over which growth



-
was observed and the changes produced in butter.
Detalled Descriptions of the
Characters Considered
MORPHOLOGY:

Size- The size was determined by means of a Filar micrometer
eye plece and a stage micrometer.

Staining. The Grem stain was used throughout, on smears ob-
talned from fresh agar slopes, 48 hour litmus milk cultures
or 24 hour mutrient bouillon cultures.

Motilitye The motility was determined with a hanging drop.

Flége;;ation- The flagellatlion was determined according to

the method of Gray outlined in the "Mamial of Methods for
the Pure Culture Study of Bacteria" (69).

Spore formation. The spore forming abllity of the organisms

was determined by heating week o0ld cultures of litmus milk
or of nmutrient boulllon to 80° C. for 10 mimites and alsoc

by stalning with methylene blue or with ammonium oxalate

violst.

Capsule formation. The formation of capsules was determined

according to the method of Huntcon, outlined in the Manual
(69).
CULTURAL CHARACTERISTICS:

Growth on beef infusion agar- The descriptions of the colo-

nies were recorded from purification plates on which the

colonles were thinly distributed; the observations were
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recorded from plates which had been incubated for 3 days
st room temperature. Agar slant growths were recorded from
pre-dried slants in which there was no water of condensa-
tion. In the detection of fluorescence a special agar was

also used, Levine and Anderson (50).

Gelatin growth and liguefaction. A 10 percent nutrient gele-

tin was used for the study of these characters; both des-
criptions were obtained from stabs made In tubes of gelatin
which were a few days old.

Utilization of amino acids as the sole source of nitrogen.

This was determined with Frankel'!s modification of Uschin-
sky's medium (69).

Ut1lization of ammonis as the sole source of nitrogen. This

was determined with the medium described in the Mamual (69).

Potato. The growth was determined on potato slants which
were kept molst by means of some wet absorbent cotton in
the bottoms of the tubes; the slants were submergéd in water
during sterilization, after which the water was decanted and
the slants drled at 98° C. before they were inoculated.

BIOCHEMICAL FEATURES:

Fat hydrolysis. This was determined by the method outlined
(see Section II, Part I). '

Production of hydrogen sulfide. Thils was determined according

to the method of Levine st al (51) by stabbing tubes of medium

of the following composition:
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Ferric cltratBeeecervevesssceascsveossssescosae 0.5 g«

Proteose-poptone escscescescscosscassssccaseas 20.0 g

Di-potassium phosphatBeeesrececcsccorceccrcns 1.0 go

AQET BEATeceatctecestavscsctcceccsscssscsssne 150 g»

Distilled watereeccesceccosscccerssscessoscsce 10000 cco
This medium was sterilized in tubes at 15 pounds pressure
for 15 minutes. Definite tests for HoS were Indicated by
a blacking of the medium along the line of Inoculation
and eventually, %erhaps, of the whole mediume

Starch hydrolysis, broduction of nitrates and the precduction

of indol. These criteria were determined according to the
methods outlined in the Mamual (69).

Production of ammonlae This was determined with the nitrate

broth after the tests for nitrate reduction had been made,
according to the method outlined by Buchanan (16). The
tubes were heated and the fumes brought in contact with
pleces of fillter paper which had been molstened with Ness-
ler's solution. Definite tests were indicated by the
brown coloration of the paper.

Production of nitrogen. This was also determined with the

nitrate broth. The production of gas from nitrate broth
was best detected by using a small inverted tubse within
the larger one, although 1t was found that the reduction
of the nltrates to the free nitrogen was always readily

observed at the surface of the medium. Cultures which
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showed a lot of gas, even in a short time, wore usually
negatlve for nitrites as the reaction had already gone
past that polnt.

Production of acetyl methyl carbinol from glucosze (Voges-

Pfdskauer) and methyl red. These tests wers carried out

by growing ocultures for four days at room temperature
in a2 medium of the followling composition:
GIUCCSBesscrrnssevrvsscccssscsscsscsscosse 05 porcent
Proteose-peptone (Difco)ececssccerscscacs 045 porcent
Dibasic potassium phosphat@sececeesscesesee 0s5 percent
The Voges~Proskauer reaction was carried out accord-
ing to the modification of O'Meara (56); the medium des-
cribed above was not used by him, but he suggested that
the creaﬁine test worked equally well with different
mediae A very small plnch of ereatine was added to
5 cce of the medium, followed by 5 cc. of 40 percent
NaOE. A definite red coloration above the zone of con-
tact of the two solutions was accepted as a positive
‘test- Tests were also carried out with the method of
Werlamen (78).
The methyl red test was run on the remainder of the
original medium which had been divided into twoc lotse.
Flve drops of methyl red soclution were added to the medium,

and a positive test was indlcated by a distinet red color;

a negative test was indicsted by a yellow color. The
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methyl red solutlion was prepared by dissolving 0.1 grams
of methyl med in 300 cc. of 95 percent alcohol snd dilute-
ing to 500 cc. with distllled water.

Fermontation of carbohydrates. Thils was determined by the

addition of 0.5 percent of the sugar to regular nutrient
boulllion in which the change of reactlon was indicated
by means of a 1.6 percent alcchollec solution of brom cre-
sol purple, using 1 pert of indicator to 1000 parts of
the medium. The inoculated sugar solutions were inocu-
bated at room temperatire and observed for two weskse

GROWTH CONDITIONS:

Oxygen relationship. Conclusions regarding this criterion

were drawn from close observations of the reactions of
the organisms in various media.

The most favorable temperature for growth was deter-
mined by incubating litwus milk culbures at 6° C., 15° C.,
22° C., 30° Ce and 37° C.

The effect of the organlsms in butter was determined

as was previously described under Section II, Part I.



RESULTS OBTAINED

Identification of Lipolytic Bacteria

A. Cultures identifled acocording to previous descrip-

tionsge.

l. Pgeudomonas fragi. Nineteen cultures were identi-

fled as Ps. fragi (Eichholz), Hussong (42), 1932.

2. Pgeudomonas fluorescens. Nineteen cultures were

1dent1fied,'on the basis of the very inadeguate descriptions
available, as Ps. fluorescens (Flugge), Migula (53). A com=

plete description of the characteristics of the cultures iden-

tifled in this investigation as Ps. fluorescens ls found under

"Descriptions of lipolytic bacteria”.

3. Achromobacter lipolyticum. Eleven cultures were

ldentified as A. lipolyticum (Huss) (41), Bergey et al. A

further description of this species is found under "Descrip-

tions of lipolytic bacteria".
4. Achromobacter connil. Ten cultures were identified

according to the brief descriptions of Chester (19) and Bergey
et al. as A. connii (Chester), Bergey et al. Seven other cul-
tures were considered to be closely related to this specles.
Additional information about the group is found under "Descrip-
tions of l1lipolytic bacteria'.

5 Pseudomonas schuylkilliensis. Two cultures have
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been identified as Ps. schuylkilliensis (VWright), Chester (19).
Two other cultures were considereé closely related to these.
None of the four cultures agree in every detall wlth the short
descriptions availabla.

6. Pseudomonas synxantha. Three cultures were identl-

fied as Ps. synxantha (Ehrenberg), Hammer (35) according to the

desoription previcusly published by Hammer (36).

7+ DBacterium viscosum. Three cultures were 1identified

as Bact. viscosum (Adametz) (1), Buchanan and Hammer (17), the

speéies being called A. viscosum by Bergey et ale A further

description of this species is found under "Descriptions of

1ipolytic bacteria'.

8. Pseudomonas nucidolens. One culture was identified

according to the description of Anderson (4) and lster of

Levine and Anderson (50) as Ps. rmcidoleng.

O« Pseudomonss myxogenes. One culiture was ldentified

as Ps. myxogenes, Fuhrman (29).

10. Serratia type. One culture was identifled as a
Serratia type, according to Bergey's Manual (8).
11. Thirty cultures of gram negative rods were studiled
and descrilbed but were not identified because there wers not

sufficient cultures of any one type to justify their identifi-

catlone



Be Descriptions of lipolytic bacteria-.

Complete descriptions of a new specles, Pgseudomonas

acidiconcoquens, of the species Pse. fluorescens, or four new

varietles of Ps. fliuorescens; Ps. fluorescens var. zymogenes,

Ps. fluorescens var. riveerolvbica, Ps. fluorescens var.

radians and Ps. fluorescens var. patula, snd supplementary in-
fbfmétion to descriptions already available, and which have
been used in thls work, are presented here.

1. Pseudomonas acidiconcoguens (nov. sp.)

The description given here applies primarily to
4 of the 6 cultures isolated. Two of the cultures showed a
few minor variations which are mentioned at the cloae of the
description.
SOURCES:
All the cultures were lsolated from raw cream held at tempera-
tures sbove 15° C.

MORPHOLOGY ¢

Form and size. Small oval rods; cells from a 12 hour bsesf ine

fusion agar culture or from a fresh litrms milk culture

varied from .4 to 0.9 by 1.0 to 1.8 microns and averagsed

about 0«6 by 1.2 microns.

Arrangement. Cells were arranged singly and in palrs from

égar or milk cultures.

Staining reaction. Gram negative; stained unevenly, usually
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showed pramiles with Oram stailn.
Motility. Very actively motile; fiangellatlon was generally
one polar but vory occaslonally two polar flagella were
seen; may be considered monotrichous.

Snmore formation. Sporaes were not detected.

Capsule formetion. Capsules were not observed.

CULTURAL CEARACTERTGTICS:

Apar colonye Colonies were evident on beef infuslon agar

plates at 21° Ce in 24 to 48 hours. Three day old surface
colonies were from 2 to 6 mm. in diameter, round in general
outline, margin entire to irregular. The colonles werse
medium profuse, medium convex, opaque to white, smooth,
glistening, not granular and not viscouse. 0ld coloniss
remained smooth, glistening and butyrouse.

Agar slope on both beef infusion and standard agars. Growth

on the slopes was filiform to echimlate, medium profuse,
convex, opaque white, smooth, glistening, butyrous consise
tenecy; margin was entire to serrate.

Gelatin stab. OGrowth and liquefaction were evident 1in 24

ééprs at 21° C. The liquefaction was fairly repid, slight-
1y infundibliform to saccate, liquefiled portion was turbid;
the first surface growth was white but the later growth was
slightly yellowish whits aﬁd settled to the bottom of the

liquefied area.
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Iutrlent bouillon. DBouillon became turbid with a thin, filmy,

easily broken pelllicle; a definite white precipltate soon
settled to the bottom of the tube.

Uschinsky's solution. There was scarcely any evidence of

growth in this medium, although the organisms survived for

a number of dayse.

Utilization of ammonia nitrogen. Acid was fairly quickly

produced in the medium by 2 smooth white surface growthe.

Potato slope. Growth on potat6 was medium profuse, convex,

shiny, buff to citrous yellow in color.

Iitms milke Litmus milk first became slightly acid followed

soon by a reduction, soft coagulation and a fairly rapid
digestion. The milk was completely digested in less than
a weslk at room temperature and in 3 to 4 days at 30° C.,
with a pinkish yellow serum which turned to a pinkish red
and finally to a yellow with age. Following complete di-
gestlion a flaky white residue was left in the bottom of
the tube. The odor was pungent, objsctionable and very
characteristic.

Whole milke Vhole milk was less rapidly digested than skim-

millk; the serum and coagulum became slichtly pink in color.
No color change was produced in the surface layer of fat.
BIOCHEMICAL FEATURES:

Fat hydrolysis. Butter fat and several other common fats

and olls were slowly but completely hydrolyzed beneath the
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bacterial growth. The diffusion of a lipolytic enzyme was
not observed. The simple tri-glycerides of butyrilc and
olelc acids were definitely hydrolyzed while those of cap=-
roic and capryllc acilds were slightly or indefinitely hy-
drolyzed. The colony growth on the surface of Nile-blue
sulfate beef infuslion agar was distinetly ralsed to con-

vex, white and glistening.

Production of HoS from proteose-veptone. Hydrogen smlfide

was produced definitely along the line of the stab in one
to two weeks at 21° to 30° C.
Hydrolysis of starch. Starch was quickly hydrolyzed.

Gaskproduction- Gas was never noticed in any liguid medium.

Nitratege Nitrates were reduced to nitrites in 24 hours but
were never reduced to free nitrogen.

Indole Indol was formed; traces werse present in 24 hoﬁrs-

Ammonia. Was rapidly produced.

Acetyl methyl carbinol from glucose. Acetyl methyl carbinol

was produced; i. e., cultures were V. P. positive-

Methyl red. Cultures were M. R. positive.

Fermentation of carbohydrates. Acid was rapidly produced

from glucose! galactosq, maltose, sucrose, levulose, im-

1in, sdlicin, mannitol, slyvcercl and was slowly produced

from lactose. Agid was not formed from raffinose.

CROWTH COMDITIONS:

Oxygen relationship. Facultative; grew well asrobically.
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Temperature range for growthe Thers was no growth at 6° C.,

good growth at 21° C. and rapid growth at 30° C.; there
wés a Tairly rapld coagulation but a 3ower digestion at
37° C» than at 30° C. The most rapid growth occurred from
30° to 35° C.

Cne of the G enltures studled showed minor variations
from the above description. This culture produced indol

fagster, produced acetyl methyl carbinol more slowly, hy-

drolyzed natural fats more slowly, produced acid more
slowly in some of the sugar broths and, in general, grew
less profusely on the surface of solid media. The or-

ganlsm was smaller, having an average 8126 of 0.4 to 1.0

microns In length.

The sixth culture varied somewhat from the other cul-
tures in 1its action on litmus milk, digesting more rapldly
without the definite coagulation and the occurrence of a
pink to red serum; the serum remained a brownish yellow
from the start. This culbure produced hydrogen sulfide
from proteose-peptone in 2 days at room temperature.

A1l the eultures produced rancidity very slowly in

butter.

2. Pseudomonas fluorescens (typical)-

The following description of Ps. fluorescens (Flugge),
Migula (53) applies primarily to 14 of the 19 cultures in-

cluded as typlcal Pse. fluorescens. Five of the 19 cultures
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showed variations which are mentloned at the close of this des-
cription. It also should be recognlized that there are minor
variations in the characteristics of the 14 cultures and that
other authors might not completely agree on such an iInclusive
grouping.

Description

SOURCES:
All the cultures were lsolated from air or water contamina-
tion or from dairy products held at low temperatures.
MORPHOLOGY:

Form and size. Small to medium slized oval to linear rodsy

the cells from 12 hour boeof infusion cultures varied in
length from 0«4 to 2 . and averaged ubout 1.0 to le4 .

Arrangement. Cells were arranged singly and in pairs, from

cultures of agar or litmus milke.

'Staining reactione Cram negative; often stained unevenly-.

The rogular, linear shaped rods generally stalned more
uniformly and more Geeply than the thicker oval cells
with Gram stain.

Mot1lity. Actively motile; flagellation was generally onse
polar, but sometimes two, thrse or four polar flagella
were presont

Spores. Were never observed.

Capsules. Were not observed in any medium.



CULTURAL CHARACTERISTICS:

Agay colonye. Colonies were quite evident on beef infusion

agar plates at 21° C. in 24 to 36 hours and variled a great
deal in size and appearance. Generally they were circuler,
raised to convex, smooth to granular, glistening; margin
entire to fimbrilate, the central portion of the colony
often becoming yellowish when the periphery was thinner

and apnesred nale blue through the medium. The colony

was butyrous and gave & decided yellowish green or blulsh
green tinge'to beef infusion or special agare.

Agar slope. Growth on the beef 1nfuslon agar slope was
medium profuse, flliform to echinulate, raised to convex:
surface was generally smooth and glistening but occasional-
ly granuler. Growth was butyrous and in old cultures some-
times had a2 reddish tinge; the medium itself was always
tinged yellowish or bluish green.

Standard agar cclony and slopee The colony and slope growths

were simllar to those with beef infusion agar, but the

fluorescence noted above was either very slight or absent-
(Note:) Rough and smooth colonles were often observed
from these cultures on both beef infusion and standard
agar.

Gelatin steb. Growth and liquefaction were evident in 24

hours at 21° C. Liquefaction was infundibuliform to strati-

form, normally rather rapid. The liquefied area was turbid,
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having a light whitish pellicle. Ths mass of growth whioch
was somewhat yellow, accumulated at the solid-liquid inter-

face. The liquefaction was distinctly aerobic.

Nutrient bouillon. Boulllon became turbid to opaque with a

light filmy pellicle and a white precipitate-

Uschinsky's solution. The ability of the organism to utilize

amino acids as the sole source of nitrogen was indicated
by good growth in this medium; the solution bhecame slightly

flnorescent and turbid.

Utllization of ammonia nitrogen. Acld was slowly produced in

this medlum by a scanty, yellow, smooth growth on the sur-
face at the point of Inoculation; the medium was completely

yellow in 10 days or less.

Potato slope. Growth in potato varied from a yellow brown,

with a tinge of red, to a citrous yellow; it was smooth,

glistening and medlum profuse.

Litmus milke The reactions in litmus milk varied considerably

with the batch of milks The most common resctlion was one
which involved: First a deepening of the blue color at the
surface and as this change contirmued downwards in strata
formation the surface was digested a2nd hecama greenish
yellow to bluish green. The digestion contimied fairly
rapidly from the top down, and if coagulation was ever evi-
dent 1t was difficnlt to observe. Yhen digestion was com-

plete the lower portion of the serum was more of a purplish
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color while the upper layer of green became desper. At
this time there was & falrly heavy, yellowish green pel-
licle whigh adhered to the wall of the tube. A falirly
tieavy, yellowish white to pinkish white precipitate was
also formed. As the cultures increased in age, the
greenish serum usually became light yellowish green or
practically yellow. The tubes produced a putrefactive
odors

Whole milk without litmuse The digestion was slower than

in skimmilk; the fat layer often became slightly yellowe.
BIOCHEMICAL FRATURES:

Fat hydrolysis. Butter fat and several other common fats

and oils were rapldly and completsly hydrolyzed beneath
the baéterial growth. A diffusible lipolytic enzyme was
produced in smgll amounts. The simple tri-glycerides of
butyric, caprolc, capryliec, capric and oleic acids were
always hydrolyzed while tri-laurin was occasionally and
tri-myrlistin never showed definite hydrclysis.
Production of HoS. HoS was not produced, but the brownish

‘ﬁhite, smooth, surface growth produced a faint browning
of the medlum from the top downe

Hydrolysis of starche Starch was not hydrolyzed.

Nitrates. Nitrates were rapldly reduced to nitrites and
ﬁery often to free nitrogen within 2 days.

Indol. Indol was not producad.
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Ammonia production. Ammonia was produced from nitrate broth.

Acetyl methyl carbinol from glucogse. Acetyl methyl carbinol

was not produced from gluense, 1. e., cultures were V. P.
negativa.

Methyl red. The enltures variled in theirAreactions to methyl

red, ranging from positive to negative.

Fermentation of carbohydratese. Acid was quickly produced from

glucose- Acld was not formed in galactose, maltose, lactose,
sucrose, levulose, sallein, inuvlin, raffinose, mannitol and
glycerols. Gas production was not observed in any suger

solutione.

GROWTH CONDITTONS:

O;jggn relationship. OCulture grew well aerobically.

Temperature range for growth. There was slow growth end di-

gestion at 6° C. and fairly rapld growth at 15° C.; the mest
rapid growth occurred between 20 snd 25° C.; a medium growth

ocourred at 30° C. and usually there was no growth at 37° C.

Effect in butter. Cultures rapidly produced a strong ran-

cidity in butter when madé from sterile cream inoculated
with a specific llpolytic culture.

Five of the 19 cultures produced a rapidly diffusible
lipolytic enzyme in Nile-~blue sulfate mediume. Three of
the 5 cultures produced rancicity in butter rather slowlyes

3+ Varieties of Pgseudomonas fluorescens.
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Among the [luorescont cultures studied there were
several groups that showed rathor dlsvinct variations from

the typlcal Ps. fluorescens, but they wore consldered as close-

1y roleted typoes and were therefore named as vorlstles of

Pse fluorescens; small varlations tave also been racognized

within the varieties. The nomes and tne Jdoseripticns of the

charactoristics on wihich the varietal designaticns visre based

are glven here-.

Group I (7 cultures) Ps. fluorescens var. zvmogenes .

C:lturcs produced acid in galactose broth. They
dild notl reduce nitrates. Iwo cultures produced large amounts
of lipolytic enzyme which rapidly diffused through Hile-~-blue
sulfate medium while 4 of them produced only small emounts of

a diffusible lipolytic enzyme.

Group IT (10 cultures) Ps. fluorescens var. glycero-

lytica-

Cultures produced acid in glycerol. They formed
large, fiat colonieos which were only slightly fluorescent on
beef infusion agar-. They rapidly digested litmus milk with a
purplish serum which often did not turn fluorescent but fre-
quently became yellowlsh grey. If pellicles were produced they
were very slight. Six cultures reduced nitrates; four cultures
did not reduce nitrates.

Group III (4 cultures) Ps. fluorescens var. radians.
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Cvltures produced acid In glucosse only. They
formed flat, spreading, iridescent coclonleg which were sur-
rounded by medium large luminous areas and which produced a
smothering odor, characteristic of a sewage disposal plsnt.
Three cunltures reduced nitrates while 1 culture did not re-

duce nltratase.

Group IV (9 cultures) Ps. fluorescens var. patula-
Cultures produced very flat, rapldly spreading
colonies which did not brling about complete hydrolysis of
the fat 1n Nile-blue sulfate madium. They proteoclyzed milk
slowlye.

4. Achromobacter lipolyticum (Huss), Zergey et al.

A careful study of 11 culﬁures in this group
showed that 7 of them were very similar while 4 verled from
the others in some charscteristics. The following information
is supplementary to the descripticn given by Huss (41) and
applies to 10 cultures (exceptions noted later).
- CULTURAL CHARACTERISTICS:

Nutrient bouillon. Boulllon became turbld to opaque; pelli-

cle was usually iacking but 1f present was light and mem-
branous; a slight white precipitate was formed and the
llquid was slightly viscouss

BIOCHEMICAL FEATURES:

-

Fat hydrolysise The fat beneath the colony growth in Nile-

blue sulfate medium was rapldly and completely hydrolyzed
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ané a slowly diffusible lipolytic enzyme was produced.
The simple tril-glycerides from tri-propionin to tri-myris-
tin,inclusive, were bhydrolyzed. |

Reduction of nitrates. Hitrates were not reduced to free

nitrogen-.

Production of indol. Tndel, If produced, wns nresent in

vory slight amounts.

Acotyl methyl carbinol from giucose. Cultures did not pro=-

duce scetyl methyl earbinel from glucose, 1. a., they were
Ve P. negative.

Methyl red. Reaction with methyl red was positive.

Usdhinskyfs solution. Cultures ubtilized amino acids as the

sole source of nitrogen.

Utilization of ammonis nitrogen. Oultures rapidly acidified

the medivm, indlcating rapid utilization of the ammonia

nitrogene.

Ammonis production. Cultures produced ammonia from nitrate

broth.

Production of HoSe. Proteose-peptone agar was turned brovm

but positive HoS production was never obsarved.

FPermentation of carbohvydrates. No acid or gag?gver produced
from lactose or inulin by any of the cultures; acid and
gas wore produced from glucose, maltose, raffinose, sallein,

mennitel, levulose and galsctose; acid alone was produced

from sucrose and glycoroi.
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Effect in butter. All the cultures rapidly produced a very

strong rancidity in butter.
The following 4 cultures varied from the above descrip-

tion in the followlng detalls:

Three cultures produced a very slimy consistency in
litmis milk and boulllons; one of these cultures showed
long chains of organisms contalned in a capsular sheathe
Anofher of these organlsms produced a very fishy odor in
1itmas milk or nutrient bouillon. The remaining culture
produced no acid or gas from raffinose. Three of the 4
cultures formed a more purplish ysllow serum in litmus
milk than the others. One of these cultures slightly hy- .
drolyzed tri-palmitin. The fourth culture, which was cone
sidered quite different from the other ten, formed a very

rapidly spreadlng lobular colony on beef Infusion agar.
CULTURAL CHARACTERISTICS:

Litms milk. Litrus milk turned a dark blue from the top

down, with the color soon fading at the bottom; eventually
there was a yellowish white portion and a yellowish white
precipitate at the bottome. Some cultures produced a slight
pellicle while others did note.

BIOCHEMICAL FEATURES:

Fat hydrolysis. Cultures brought about a slow complete hy-

érolysis of the fat globules beneath the colony growth and
produced very little diffusible lipolytic enzyme. They

hydrolyzed the lower simple tri-glycerides including tri-

»
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caproin or trl-caprylin.
Production of HoS. Cultures dld not produce HgS from pro-
teose-vnentone modium.

Production of ammonla. They produced ammonla from nitrate

brothe.
Utilization of Uschinsky's solutione Cultures utilized

emino acids as the sole source of nitrogen.

Acetyl methyl carbinol from glucose. Cultures did not pro-

duce acetyl methyl carbinol from glucose, 1. a., they were

V. P. negative.
Hvdrolysis of starche. They di1d not hydrolyze starche.

Effect in butter. No cultures produced strong rancidity in

butter although some of them produced slight rancidity.
The remainder of the cultures produced in butter either no
defects or defects which were not defined.

5« Bact. viscosume.

The three cultures which ware identifled as Dact.
viscosum {Adametz) (1) Buchanan and Hammer (17), werse found to
compietely hydrolyze the fat globules under the colony growths
in Nile-blue sulfate medium and tq produce small quantities
of a diffusible lipolytic enzyme. They hydrolyzed the simple
tri-glycerides, inconsistently, up to tri-laurin. The produc-
tion of rancidity by these cultures was variable, one having
produced pronounced rancidit& and the other two having produced

off flavors or suggestions of ranciditye.
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6. Achromobacter connil.

Seventeen cultures were studied in this group and
10 of these were ldentified as A. connii (Chester) (19), Bergey
et ale The description applies to the 17 enltures studied.

The differences which will be noted at the end were considered
sufficient to keep 7 cultures out of this species.

The additions to the previous deseription are:

Five of the 10 cultures just described produced a
strong, stale nrine odor in litmis milk and also a light, ﬁhite,
granular pellicle. These organisms were less active in butter
then the others.

Seven cultures were considersed closely related to
A. connil; these cultures varied in the following respects:

' Horphologically they were,iohgéf slimmer gram nega-
tive rods and showed dlstinet variations in morphology. Litmus
milk was changed much more slowly; an alkaline reaction usually‘
was not shown, if ever, for at least 2 weekse. Théee cultures
produced different off flavors in butter but were not important-
in the production of ranciditye. . ’



Clagsification of Lipolytic Bacteria
Proposed key for the classification of lipolytic bac-
teria - lncluding a key for tﬁe Pgeudomonas types studied.
A. Cells spherical.
A.A. Cells not sphericsl - cells rod shaped.
B. Cells motlle.
C. Cells motile by peritrichous flagella.
11 culbtures: Achromobacter lipolyticum.

- D. Normally produce a marked greenish yellow or greenish
blue fluorescence or pigment in beef infusion agar.
E. Cells motile by six or more polar flagella.

1 culture: Pseuwdomonas myxogenes .

E.E. Cells motile by less than six polar flagella-
Fo Optimum temperature about 37° C.
G. Produce a chloroform soluble, bluish green pig-
ment.
Hs. Produce HgS from proteose-peptone medium.

1 culture: closely related to Pss. schuylkilliensise.

H.H. Do not produce HeS from proteocse-peptone
medium.

2 cultures: Psa. schuylkillisnsis.

G.G. Do not produce a chloroform soluble, bluish
green plgment.

1 culture: closely related to Ps. schuylkllllensis-.
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F.Fe Optimum temperature below 37° C.
I. Produce acid in glycerol broth in less
than three days.

10 eultures: Ps. fluorescons var. glyvcerolytics.

II. Do not produce acid in glycerol broth in
less than three days
Jde Produce acld in gaslactose broth.

7 cultures: Psge. fluorescens vare. Zymogeness

JdeJe Do not produce acid in galactose
brothe |
K+ Produce s desp, dandelion yellow color
on the fat of whole milk and also a
very putrefactive odor.

3 cultures: Ps. gsynxantha.

K&K+ Do not produce a desp, dandelion yel-
low color on the fat of whole milk
nor a putrefactive odor.

L. Proteolyze litmus skimmilk rapidly.
M. Produce a rusty, old potato odor in
common media.

1 culture: Ps. macidolens.

M.M. Do not produce a musty, 0ld potato
odor in common media-.
N. Produce a flast, iridescent, spread-

ing colony on beef Infusion or
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standard agar which 1s surrounded
by a clear zone in the medium.

4 cultures: Pse. fluorescens var. radisnsg.

N.Ne Do not produce a flat, irides-
cant, spreading colony on besf
Infusion or standard sgar which
is surrounded by a clear zone
In the mediums

0. Litrms skimmilk serum becomes
rapidly green to gresnish yellow-

19 cultures: Ps. fluorescens.

0.0. Litmus skimmilk serum does not
become raplidly green to green-

ish yellow - remains blue.

1 culture: closely related to Pg. fluorescens.
L.Le Do not proteolyze litmus skimmilk
rapidly.

Pe. Produce a rapidly spreading
colony with Incomplete hydroly-
sis of the fat globules beneath
the growth in Nile-blue sulfate
mediume.

9 cultures: Ps. fluorescens var. patula.

P.P. Do not produce a rapidly
spreading colony with
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incomplete hydrolysils of
the fat beneath the growth
in Nile-blue sulfate me-
dium.

Q. Completely reduce litmus
mill.

2 cultures (74 and 79): not identifiled.

23.Q. Do not completely reduce

litrms milk.

2 cultures (81 and 115): not identified.

D.D.

Do not normally produce a marked greenish yellow
or greenish blue fluorascence or pigment in beef
infusion agar.

R. Produce red pigment on
beef Infusion and stan-
dard nutrient agars.

1 culture: Serratla type.

Re.Re Do not produce a red
pigment on beef in-
fusion and standard
agarss

S. Produce from litmus
skimmilk or from growth
on agar the sweet ester

1like odor of the "May
Apple" blossom.
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B.Be.

19 cultures:

6 cultures:

Cells not motile-

3 cultures:

Pg. fragl.
SeSe

Do not produce from
litmus skimmilk or
from growth on agar
the sweet,ester like
odor of the "May
Apple" blossom.

Ps. acidiconcoquens (Nov. Sp.)

Te

Produce a deep blue
color and an alkaline
reaction in litmus
skimmlllk with the sub-
sequent yoellowisgh
whitening of the
bottom part of the

medinme

U. Produce a very ropy

condition in litmus
milk and bouillon.
Capsules were ob-

served-.

Bact. viscosume

U.Us Do not produce a

ropy condition in



7 cultures:

el

Ve

litmis milk and
bouillon. Capsules
were not observed.
Produce a strong
odor of stale urine
and form a light,
white, granular

pellicle.

5 cultures: A. connii (variants)

V.V. Do not produce a

strong odor of
stale urine and
do not form a
light, white,

gramilar pellicle-

5 cunltures: A. connil (typical)

closely related to A. connil.

TeTe

Do not produce a
deep blue color in
litmus milk and pro-
duce an alkaline re-
actlon very slowly
if at all.



SECTION IIX

THE NUMBERS OF LIPOLYTIC BACTERIA IN CERTAIN DATIRY PRODUCTS
AND THE RELATIONSHIP OF THESE ORGANISMS TO RANCIDITY
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GENERAL CONSTDERATTONS AND
STATEMENT OF THE PROBLEM

The nmumbers of lipolytic bacteria in milk, cream and
butter, and the relstionship of these types to the flavor de-
fects of butter, were studied wlth special consideration to
the following:

l. The relative nmumbers of lipolytic bacteria in fresh
mllk and cream, in fresh butter of widely varying qualities,
and in these products after they had been subjscted to vary-
Ing storage condlitionse.

2+ The growth of lipolytlec bacteria in butter.

3+ The iInfluence of the air on the growth of lipolytic
bacteria in butter as shown by the differences in the numbers
of organisms found in surface and sub-surface portions.

4. The numhers of bacteria present in butter when ran-
cldity was first detected.

5. The influence of the development of rancidity on the
growth of bacteria in butter, particular interest being at-
tached to the inhibltory effect on bacterial growth of the

products formed.
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REVIEW OF THE LITERATURE

In reviewing the literature dealing with the relatlon-
ship of mlecroorganisms to the development of rancidity in
butter, 1t seems advisable to include some of the more impor-
tant literature on the conceptions of ranciditye. This materi-
al is presented first, in order to show the falrly close agres-
ment among authors concerning the type of chemlcal change
brought about by bacteria in fats, espscially butter fat. The
literature reported has therefore been divided into two parts.

Conceptions of Rancidity in Relation to the Types of

Chemical Changes Involved

One of the firat clearly defined explanations of rancidity
in butter was given 1in 1882 by Hagemann (34), who said that ran-
cldity is due to the presence in the butter of fatty scida, par-
ticularly butyric acid. He supposed that the lactic scid from
lactose csused a aplitting of the glycerides of butyric acid.

Schaedler (64), 1883, spoke of oxidative rancidity which
1s accelerated by a primary formation of free fatty acids, es-
peclally oleic acid, the latter acid subsequently being oxidized
to cause rancidity. The i1dea of oxidative rancidity was also
favored by Duclaux (22), 1887, who thought that the defect was

charactarized by an increase in the lower fatty acids as a
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result of an oxidation of the higher ones.

Gr8ger (31) showed that the defect which he called ran-
cidity was characterized by a lowering cf the mean molecular
welghts of the fats concerned. This indicates the increase of
the lower molecular weight fatty acids at the expense of the
higher onese.

According to Fermi (28), 1890, there 1s nn enzyme se-
creted by the protoplasm which splits the fat into glycerol
and the free fatty acids, thus causing rancidity. Thumm (70)
studied the development of rancidity in palm and olive oil and
found that during the development of rancidity the ligquid and
solld fatty aclds of these two olls are freed in exactly the
same proportion as that in whilch they are found in the neutral
fats.

Amthor (3) said that tallowiness follows rancidity and
that rancid butter contains esters of the free volatile fatty
acids, princlipally the ethyl ester of butyric acid. The gly-
ceride of butyric acid being the least stable, 1t 1s the most
quickly affecteds

Sctmidt (65) d1d not define the defect rancidity but con-
sidered that 1t developed most rapidly in the sunlight and
quite rapidly In the incubator. This would indicate that he
was talking of oxldative rancidity. On the other hand, he con-

cluded that low temperatures, pasteurization and heavy salting
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retarded rancidity, and these precautions, in the light of
present knowledge, would be taken to prevent hydrolytic ran-

cidity.
Browne (13), in 1899, defined rancidity as "a defect re-

sulting from any chemical or physlical change in the chsracter
of a fat from the normal”. He obtained all the fatty acids

of the homologous series from formlc to capric, as well as
cortain di-basic and oxy-acids, by the oxldatlon of oleic acide.
He also expressed the opinion that there is a bresking down

of g1l the tri-glycerides of butter during the development of
rancidity because a semple of tri.palmitin which he had pre-
pared from butter fat became rancid during a long storage
perlod. Since oleic acld 1s the most easily oxidized, he felt
that the changes which so soon affect the oleic scid would no
doubt hasten the disintegration of the entire moleculse.

Secala (63), 1897, showed that, during long holding periods,
olelc acid markedly increased in weight while palmitic and
stearic aclds did not. From his observations he concluded that
the tncrease in welght, which occurred with different fats dur-
Ing the development of rancidity, was in direct proportion to
their content of olelc acid.

The conception of hydrolytic rancidity must have been held
by Reinmann (59) who showed that sterile butter in the presence

of light and air did not become rancid and that the complete
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absence of oxygen did prevent rancldity. He later suggested
that rancidity must be caused by enzymes. He concluded that
there was no relatlonship between the amount of free acilds
and the rancid taste of butter, that a high content of casein
and mllk sugar accelerated the development of rancildity, and
that light played no role in the development of this defect.

Orla-Jensen (57) favored the concept of hydrolytic ran-
cidity since he stated that oxygen merely sids the develop-
ment of the organisms which cause the hydrolysis of the fats.
The fatty =2cids which are tims fresd unite with the alcohol
to form the butwyric ester. Saver and others (62) expressed a
similar opinion, that oxygen does not play the direct role in
the production of rancidity. | ‘

Lewkowitsch (52), 1913, attributed rancidity to ths direct
oxidéfion of the fatty acids by tﬁe oxygen of the alr, assisted
and intensified by the exposure to light; he concluded that ran-
cidiﬁy was not due to the presence of free fatty acids alone.
Rancidity 1s defined by Vintllesco and Popesco (75), 1915, as
a defect which is characterized by a dlsagreeable odor and fla-
vor resulting from an alteration of fatty matter causing a dis-
agreéabie odor and a disagreesable taste characteristic of ran-
cid'bﬁtter, the degres of acidity not being proportional to the
intensity of rancidity.
| The following discussion of rancidity was given by Barthel
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(7), in 1910: "The normal spontansous decorposition of butter
is seen in svery day life when butter turns rancid. This pro-
cess consists in the continued splitting up of the glycerides
of the buttgr into glycerine and free fatty acids. These free
fatty acids, partlienlsrly butwic acid, impert the objection-
able rancid taste and smell."

Kerr (44) expressed the opinion that rancidity is a
chemical change in the fat, due to the sction of oxygen. Its
development is accelerated by 1light, heat, the presence of
moisture and contact with certain metals: these conditions
are helpful, but oxygen is absolutely essential. He also found
that aldehydes, ketones and fatty aclds of lower molecular
wejights than those found in the original butter are always
present in rancid butter.

Fmery and Henley (24), 1922, discussed oxidative rancidi-
ty and concluded that oxygen rather than air accelerated the
development of rancidity. They were unable to produce this
type of rancidity at summer temperetures when fats were kept
in contact with metals and exposed to light in the absence
of air.

An exhaustlve study of the rancidity of fats was conducted
by Powick (58) in 1923. This author stated that agelsic scid
and mbst of the saturated acids and aldehydes from acetic to .
nonylic had been recovered and identified from certain speci-

mens of rancid fats. He further concluded that rancidity 1s
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due to the oxidation of the oleic radicle since neither stearle
acid nor glycerol do not, and since oleic acld does develop a
rancid taste upon exposure to air and light. This reasoning
indicates that Powick favors the concept of oxidative rancidi-
ty, which view is confirmed by his conclusions that butyrle
acld and ttvric aldehvde do not contrlbute to the rancid odor
of butter fat. Powick's work confirmed the view of Scala (63)
that heptylic aldehyde may be responsible for this "so called"
rancidity.

In a paper on the analytical detection of rancidity, Kerr
and Sorver (45) defined the term for their purpose as follows:
~ "Rancidity will be used only in reference to changes in the
fat ltself and not at any time to alterations in any substance
with which the fat i1s mingled or to hydrolysis". They attri-
bute rancidity to spontaneous oxidation snd indicate that ran-
cid fats contain a vagiety of substances of lower molecular
weight than the origigal compoundse. Holm snd Greenbank (38),
in 1923, drew the following conclusions regarding oxidative
changes of fats: "The various oxidations show that the oleic
acld radicle as the main constituent concerned in the produc-
fion of tallowinessvpr rancldity and confirm the previous con-

clusion that the oldfactory sense gives no true criterion of

how hlighly oxidized a fat or oll may be'".

Browhe (14) analyzed butter that had been stored at room



=106
temperature for four years and noted the following: The fats
which showed the gréatest loss in lodine absorptlion exhibited
the greatest increase in free and volatile acids. The fres
insoluble acids of the decomposed fats contained olele acid
in nearly the same proportion as in the neutral fat. These
findings confirm the previously mentioned opinions which
point out that the lower molecular weight compounds formed
during oxidation mayfbe an Indication of either hydrolytiec or
oxidative rancidity. DBrovne conclnded that, Iin agreement with
the view of spontaneous oxidation, the saturated glycerldes,

such as stearin or palmitin, should show a much higher sta-

bility in the pure conditlon than when exposed to slr in con-
tact with an unsaturated glyceride such as olein.
E The relationship of the hydrolysis of the fat to the ran-
; cidity of butter 1Is recognized by the authors of many leading
textbooks. |
Mo jonnier and Troy (54), 1922, expressed the opinion

3 that butter becomes rancid as a result of the splitting of the
k molecule, since the fatty aclds when freed from the glyceride
§ radicle have very characteristic and pungent odors and flavorses

. Holm and Greenbank (38), 1928, recognized the importance
of enzymes or of free acids, alded by water, in the hydrolysis
of fatse They were of the opinlon that the lower fatty acids,
butyric and caproic, sre produced by hydrolysis and that these

aclds are responsible for the rancid odors and flavorss
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Harmer (35) expressed the opinlon that rancidity is charac-
terized by a flavor and an aroma suggestlve of bubyric acid.
A similar conception of hydrolytic rancidity was expressed
by Gortner (30), in 1929. This author recognized that the
hydrolysis of glycefides with the liberation of free fatty
aclds constitutes the defect rancidity, as known by the
dairy industry. The oxidatlon of fats and olls containing unt
saturated scilds, resulting in the formatlon of sldehydes, ke
tones and aclds having lower molecular weights than the origl-
nal acids, 13 'mown as "rancidity" by the oll and fat industry
but 1s ¥nown ss "tallowiness" in the deiry industry. He
stated further that the strong odor characteristic of the lower
fatty aclds, especially of bubtyric scid, is readily produced in
miik fat upon slight hydrolysis.

A classiflcation of rancidity, which 1s much in 1ine with
that of Gortner, was used by Triebold (72), 1931, who was in-
terested in the decomposition of the fat in flour. He divided
rancidity into (a) oxidative, (b) hydrolytic and (¢) ketonic.-
Triebold defined hydrolytic rancidity as the ordinary splitting
of glycerides with the liberation of free fatty scids as end
products. This type of deteriorstion is very Ilmportant in
dalry products due to the production of butyric acide In
referencé to the oxidatlive process Triebold suggested that ac-
tive oxygen and ozone produced during the oxldation of olele

acid might bring about the glyceride decomposition which could
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not be effected by molecular oXygene.

Davies (21) in 1928 1limited the primsry cause of ran-
cidity to auto-oxidation, which 1dea he considered was general-
1y accepted at that time. A similar opinion has been ex-
pressed by Barnicoat (6), 1931. He considered that (a) there
1s no absolute correlation between the free fatty acid content
and the rancidity in fats and (b) when fats or fat containing
materials are stored in the presence of alr they sooner or
later become rancide Hood (39) described a rancid odor in
cheese as resembling most the odor of butyric acide.

Briggs (12) concluded that hydrolysis of the fat does not
occur in the earlier stages of the breskdown of butter and that
substances such as acrolein which are found in rancid fats re-
sult from the oxidation of some unsaturated molecules.

The effect of adding oleic scid, glycerol and white of
egg upon the rate of hydrolysis of beef fat was studied by
Bevis (10). He concluded that the most rapild increase in free
fafty acid occurred in the presence of the greatest amount of
albuminous material and that this hydrolysis did not affect
the Krels test for rancidity; the addition of oleic acid to the
fat, however, hastened the development of a positive Kreils test.

Briefly summarizing the literature reviewed above on the
conceptions of rancidity, it is evident that:

1. Some workers restrict the uss of the word rancidity to

a defect resulting from the hydrolysis of butter or other mixed
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fat. These investigators assoclate a rancid condition with
the presence of lower free fatty aclds, especially butyric

acid.
2. Others restrict the use of the word rancid to a de-

fect which results from an oxidation of the unsaturated fatty

aclds.

3« A fow authors wish to extend the meaning of the word
rancid to include hydrolytic, oxidative and ketonlec deteriora-
tion of fatsge.

Relaticnship of the Growth of Bacteria to the
Development of Rancidlty in Butter

In 1886 Escherich (25) studied the intestinal bacteris
of infants and reported that the "colon" bacteria have the
ablllty to split fats and produce free fatty aclds and gly-
cerol in the intestines. He thought that the saturated fatty
acids were split by moulds chiefly but was doubtful whether
or not organisms played a direct part in the production of
rancidity. He also recognized the inhibiltory effect of ran-
cldity on the growth of organisms and concluded that pure,
water-free fat and 01l do not serve as mutrients for bacteria.

Klecki (46), 1894, was of thé opinion that the acldity
of butter is due chiefly to the action of bacteria and very
little to direct oxidation and that the growth of these bac-
terla in butter 1is eventually retarded by the acid which they
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produce. The latter idea was slso supported by Duclaux {22)
who said that butyric acld 1s ﬁoxic and antiseptic for microbes.
In 1891, Lafar (47) named two new specles of bacteria, |
Bacterium butyri colloidium and Bacillus butyri fluorescens. He

stated that these organisms, when inoculated into the cream, pro-
duced rancidity in the butter.

Rancidity was attributed by Amthor (3) to the esters of the
fatty acids, particularly of butyric acid, which are formed by
combination with the alcohol which the microorganisms produce
from the milk sugar. Browne (13), in 189S, substantiated the
oplnion of previous anthors that rancidity could be brought
about in butter by microorganisms but he added that thils was not
possible iIn pure butter fat.

Reinmann (59) reported that it was not possible to make
ster@le cream butter rancid by pure cultures or by mixtures of
cultures of bacteria by inoculating them into the butter. He
was of the opinion that enough information was not available
at that time to justify s conclusion cbncerning the cause of
rancidlty but thought that it was due to either fermentative
(enzymatic) or to bacterial actione

Fat splitting by microorganisms was thoroughly studied by
Schreiber (66), 1902, who drew the following conclusions:

1. Pure fat, by 1tself,nnot a food for microorganisms.

2« A number of bacteria which occur normally in the body

and also in nature have the ability to split fat in the presence
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of food and oxygene

3. The fat splitting ability of mlcroorganisms is inap-
preclable under anaerovlec condltions.

The ability of some moulds, such as Peniclllium, to split
higher tri-glycerides was attributed by Laxa (48) to their
production of an enzyme which was also capable of gplitting
monobutyrin end butter fat. Orla-Jensen (57), in 1902, con=-
clvded th+t the fatty acids are first formed by bacterlia and
later by the associative actlon of moulds; from thls assocla-
tive action arises the acid which results in the butyric ester.

Rubner (61) concluded that fat splitting occurs in the
presence of certaln bacteriae. These bacteria grow better when
salts are present to bind the fatty acida. The la tter state-
ment indicates that Rubner probably recognized the inhibitory
influence of the lower free fatty aclids on bacteria. Barthel
(7) was of the opinion that the splitting of glycerol conld
be accomplished by moulds but not by bacteria; he made the
rather indefinite statement that esters could not be formed by
bactéria. |

Thé lipolytic ability of bacteria, in the presence of a
suiteble food supply, was’ recognized by Lewkowitsch (52), who
admitted that whether these changes were due to the direct
action of living organisms or to the action of an enzyme pro-

duced by thém was extremely questionableo
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Hoag (33) showed that members of the aliphatic acid series,
especially those of double bond combinatlons, are decomposed
by microorganisms. e concluded that the ease of hydrolysils of
a fat by bacteria was dependent on its chemical rather than on
its physical properties. He also recognized that the higher
fungl have greater lipolytic action on the higher saturated
fatty acids than the bacteria while almost all the organisms
with which he worked waere able to attack oleic acid and trl-
oleine The decomposition of olele scid by microorganisms is
brought about without the formation of intermediate products
and therefore is entirely different from the chemical decompo-
sition brought about by oxidatione Haag concluded that, of
the three most important fatty aclds - palmitic, stearic and
oleic - only oleic is important as a source of carbon for micro-?
organisms. IFurthermore, he was of the opinion that microor-
ganisms were not responsible for the formation of rancidity in
fats and olls and in any event that an analysis of the decom-
position products would not prove that the microorganisms were
responsible for the changes.

Hammer (35), 1928, recognized that microorganisms play an
important part in the production of rancidity through fat hy-
drolysis but that lipase and chemical action may also ald in
this change. The influence of microorganisms upon the produc-

tion of rancidity in butter was also mentionedlby Buchanan (186),
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in 1921 The relationship of microorganisms to rancidity in
butter was shown by Collins (20), 1931, who concluded that al-
though there was at first a rapld increase in the numbers of
bacteria as rancidity developed there was later s progressive
and a rapid development of rancidity concurrent with a repid
decrease in the mumbers of bacteria. This would seem to Indi-
cate the importance of enzymatlc or chemical action iIn the
later stages of this defect. |

Hood and White (40), 1931, attributed the objectionable
rancid flavor of certain lots of cheese to the presencs of
butyric acid freed through the action of microorganisms. Lea

(49) thought that the free acid content of butter could be

taken as an index to the degree of hydrolysis by microorganisms.

The relationship of a lipolytic microorganism to the des-
velopment of rancidity in butter was investigated by Hussong
(42), in 1932. His results indlosted that at 21° C. organlsms
increased rapidly in butter and brought about a rancid condi-
tion in about four days. The development of the rancid con-
dition was accompanied by a rapid increase in the amount of

total acid in the buttere.
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METHODS USED

' Samples of dairy products. The samples of milk and cream

. examined were secured from the Towa State Collsge dairy indus-
try plants and dailry farm, and from one other Towa dairy fam.
The samﬁles of butter uwere secured either from experimental
churnings made in the laborstory or from commercial plants in
Towd and a few other states.

Numbers of bacteria. The total numbers of bacteris were

determined by the plate method, using beef infusion agar or
Nile~-blue sulfate medium (Section I) with an incubation perilod
of 3 days at 21 - 23° C.

The numbers of lipolytic bacteria were always determined
with Nile-blue sulfate mediume.

Predominant species or morphologic types. The species

names were recorded when the types which were most prevalent
on the plates were ldentifled. The morphologlc types of bace

teria were recorded on the basis of microscopic studies onlye
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RESULTS OBTAINED

Mumbers of Lilpolytic Bacteria in
Raw, Fresh Milk of Good Quality

A study of the total numbers of bacterla, the numbers of
1ipolytic bacteria and the percentages of the total bacteria
that were lipolytic was made wlth 20 samples of good quality
milk obtained from the Iowa State College merket mllk plante.
The date obtained are prosented in Table X.

The results show that the total numbers of bacteria wvaried
from 5,000 to 1,520,000 per ml., all but 2 of the samples have
ing less than 100,000 per mle The numbers of lipolytic bac-
teria ranged from less than 100 to 30,000 per ml., 13 of the
samples havling less than 1,000 bacteria per ml. The percen-

tages of the total bacterla that werse lipolytic ranged from

.lesa than 0.4 to €6.6 percent, 17 of the samples having less

than 5.0 and only 1 sample having over 10.0 percent.

The results show that there were lipolytic bacteria in
mch of the raw milk examined but these organisms made up only
a small percentage of the total mumber of bacterisg.

Numbers of Lipolytic Bacteria in
Raw, Sweet Cream -

The total rnumbers of bacterila, the numbers and types of
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TABLE X
Numbers of Lipolytlc Bacteria in

Raw, Fresh Milk of Good Quality
Nile-blue sulfate medium

Numbers of bacteria per mls.,Percent

Sample, : .lipolytic
. Total + Lipolytle .bacteria
1 100,000 = < 100 : < 1.0
2 46,000 : < 100 P < 2.2
3 5,000 : < 100 1 < 260
5 ¢ 3,000 ¢ < 100 3 < 33
6 7,900 300 : 3.8
7 45,000 30,000 : 6646
8 276,000 : < 100 t < Oe4
9 45,000 1,600 355
10 " 11,200 ¢ < 100 : < 0.9
117 ¢ 1,520,000 : « 100 ¢t < 0465
12 ¢ 6,900 : 200 H 2.9
13 ¢ 27,000 300 : 1.1
14 140,000 : 11,000 @ 7+856
15 40,000 400 1.0
16 45,000 : < 1,000 :< 2.2
17 51,000 : 1,000 : 2.0
18 62,000 2,000 H 3.2
19 8,000 : < 100 :< 125
20 ¢ 32,000 @ 3,100 s 9.7
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1lipolytic bacteriam and the percentages of the total bacterla
that were lipolytic were studled with 20 samples of cream de-
livered to the Towa State College butter plent. The results
obtained are given in Table XT.

The data show that the total numbers of bacterla ranged
from 20,000 to 120,000,000 per ml., with 16 of the samples hav-
ing less than 20,000,000 per mls The mumbers of lipolytic bac=-
teria varied from less than 1,000 to 3,000,000 per ml, 14 sam-
ples having less than 500,000 bacteria per ml. The percen-
tages of the total bacteria that were lipolytic ranged from
less than 1.0 to 19.6 percent, 10 of the samples having 5.0
percent or less and none of the samples having more than 20.0
percente Yhen determined, the predominant species were Ps.

fragl, Ps. fluorescens, Bact. viscosum and A. lipolyticum.

The above summary indicates that there were considerable
numbers of lipolytlc bacteris in raw, fresh cream and that the
poercentages of the total bacterila that were lipolytlc were
slightly higher in the raw fresh cream than in the raw fresh
milk.

Fumbers of Lipolytic Bacteria in Rancid, Raw Milk
from Individual Cows

At the time the studles on lipolytic bacteria in milk and
cream were belng carried out, an Iowa dairy farm was having

trouble with the rather rapid development of rancidity in table
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Mumbers of Lipolytic Bacteria in Raw,
Nile-blue sulfate medlum
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Sweet Cream

3 Flavor : .t Percent : g
Samples of gNumbers of bacteria per ml $11polytic? Predominant
H cream H Total ¢+ Lipolytic tbacteris : apecies
1. telean H 6,040,000 : 250,000 @ 4,] :Pge. fz_*%gj.
2 1slightly unclean : 1,050,000 ¢ 210,000 : 10.7 = "
salightly old s TS,’OOO‘,‘OOO : 3,000,000 : 20.0 :
"4 :fairly clean : 1,600,000 60,000 3.75 :Ps. fluorescens
5. :tslightly rancid : 61,000 ¢+ < 1,000 : < 1.6 :
6 _zolean 3 219,000 : 5,000 : 17 :Pg. fragl
7 " ? L““Q“‘Tbs 0,000 : 100,000 3 6.8 .
~8 :frogen cream : 4,@_04808 : 5:7%,‘000 : 2.3 : !,
9 tcleen : 210,000 : < 10,000 :< 4. :

0 “ifalrly clean 14,060,000 ¢ 210,000 : L6 & b
T1 :silzhtly stale & L.600,000 & 130,000 & 8.1 iPa. FIUOres0ens
12, ¢« 7 i : 4,060,000 : 800,000 3 19.6 HI
15 :suggests rancidity: 27,000,000 & 2,800,000 : 1.0 :Bacts viscosum

— 14 zolean T 20,000 : < 1,000 :< 5.0
15 :fairly cliean . 37,000,000 ¢ 1,870,000 : 5.05
16 :suggests rancidity: 120,000 : < 10,000 :< 8. :

17 :clean : 360,000 : __ 20,000 5.5 ¢

18 :siightly stale : 16,1 t 1,560,000 ¢ 9.7  :Bact. viscosum
10 :malty, sweet + 120,000 . 000 : 300,000 3 O.2_ :A. lipolvticum

20 :clean, sweet 180,000,000 ¢ 1,300,000 : 1.6 1t

#*The predominant type was lsolated from some samples

and identified.
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creame Samples of mllk from individual cows in this herd were
taken and analyzed for numbers of lipolytic bacterla. Samples
were secursed from 5 cows that had been yielding milk which de-
veloped an off flavor rather quickly. The samples were ob-
tained with the usual smount of care and were held below 8° C.
until they were analyzed.

The data sacnred are nresented in Table XII.

The results show that, at the approximate age of one wsek,
the first 18 samples were rancid and that they contained from
3,000 to 1,240,000,000 bacteria per ml., only 6 of the samples
having total counts below 10,000,000. The ages of the last 5
semples were varlable and the total counts were about normal
for such milke.

The 1ipolytic bacteria ranged from less than 100 to
48,000,000 per ml.; only 4 of the first 18 samples contained
less than 1,000,000 bacteria per ml., while the last 5 all
contained 500,000 or less.

The percentages of the total bacteris that werse 1ip01ytiéﬂ
rarged from 1.1 to 33.8 percent among the first 18 samples and
from 1<7 to 73.7 percent among the last 5 semples.

The organisms which, when determined, were found to be

predominant were Ps. fragl and Ps. fluoresceng species, and

mlerococcus typese.

From the above summary of results it is evident that



TABLE XII

Mumbers of Linolytic ngteria in Rancid, Raw Milk
from Individual Cows

Nile~blue sulfate medium

81.
"May Apple”:

tAge of ¢ : : :
28§mp192 Flavor : lumbers of bacteria per mle; Porcent : ¥*Predominant
Sample: 4n of s . . :1ipolytic, apecles or
: days :  sSeample i Total . Lipolytlie .bacteris .morphologilc type
I B 6 :rancid ¢ 18,560,000 : 1,050,000 : 5.7 :
—Z T " ivery renoid: 4,980,000 ¢ 1,280,000 ¢ 243
. : : : ' : ‘ : :
3. : U rancid : 219,000 : 30,000 ¢ 13.7
: : : ' ‘ : ‘ : $
N L T + 54,400,000 : 8,800,000 + 182
5T isiightiy 510,000 ¢ 16,000+ To1
o trancid : . : . :
6. ¢ 7 rancid ¢ 150,000,000 : 10,000,000 : 6.7 s
: : : : : :
A 1,320,000 124,000 ¢ ©.Z&
T S S T 11,000,000 + 2,400,000 : 21.8 :
: : 2 3 : :
T 9.t "™ :rancid, T 35,500,000 ¢ 6,000,000 : 16. :
: :"Mavy Apple": : - : :
10. ¢+ " t:very rancid: 42,000,000 3 7,056,000 t 168
$ : : H 3 :
11 ¢ s o : 9,400,000 2,800,000 ¢ 29.7 smicrococcus
H 2 3 : : 3
—12. s T rancid,: 27,200,000 ¢ 6,500,000 : 23.9 v

(continued on following page)

~03T~




A

o~ 5 5 P A TS NS P e A AT T T e e

TABLE XIT (contimued)

Numbers of Lipolytic Bacteria in Rancld, Raw Milk
from Individual Cows:

Nile-blue sulfate medium

~tAge of 1 : :
_sgmple. Flavor : Numbers of bacteria pser mle.; Percent : ¥*Predominant
Sample: 1in of : : s1ipolytic. specles or
:_days : sample . Total + Lipolytie :bacteria .morphologic type
13.. ¢ 6 :81. rancid?: 3,000 ¢ < 100 ¢ <33 s
:  :"May Apple”: 2 _ : :
14 ¢ 7 :rancid t 35,400,000 : 8,900,000 ¢ 25.1 tPge. fragi
—i5. ¢ T : " T 35,000, 00¢ ,000,000 ¢+ 8,000,000 R M
B T S S S :1,540,000,000 + 17,000,000 : 1.2  :ron-proteciytic i
3 : : ‘ ' : ' ' : igram nege. rods 3
7 : 165,000,000 ¢ 19,000,000 ¢ 115 & 1
K : : : ' : H
I v 142,000,000 : 48,000,000 ¢ 33.8 iPs. fragl
E T I S - R SR 9,550,000 ¢ 160,000 ¢+ 1.7 :non-proteciytic
I H ‘ : _ : _ tgram nege. rods
#%20., ¢ 3 3 U : 5,440,000 ¢ 500,000 ¢+ 9.2 :Ps. fluorescens
~ 3 H : ' H ' : H
#%21_ : 2 tvery rancid: 76,000 ¢ 56,000 ¢ 787 & " "
! : s : . $ s
¥¥22  :fresh tslightly ¢ 767,000 : 55,000 ¢ 7.2 :Bact. viscosum
$ trancid : ‘ : ' : s
¥¥23 ¢ T isuggests 547,000 : 41,000 ¢ 7.5 :Ps. Tluorescens
: trancidity ¢ : : $
¥The predominant type was isolated from some samples and identified if possible

**These samples were selected from cows ylelding milk which soon became rancide.
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(a) many of the high counts must have been due to the Increases
in the numbers of bacteris during the storage of the cream, (b)
the percentages of the total bacterila that were lipolytic were
mch higher than those for raw milk and (c) the species and
types of organisms found in some of the fresh samples indicated
that water contamination may have been a faetor in the high num-
bers of lipolytic bacterilas
Mumbers of Lipolytic Bacteria
in Aseptically Drawn Milk

The total mumbers of bacteria, the mumbers of lipolytic
bacteria and the percentages of the total bacteria that were
lipolytic were determined in 9 samples of aseptically drawn
milk: These samples were secured for analysis because the re-
sults given, particularly in Tables X and XI, indicate that there
are considerable numbers of these types of bacteria in fairly
fresh milk and cresms. It was considered important to obtain the
aseptically drawn milk from the dairy farm where the outbreak
of rancidity occurred. The data secured are pregented in
Table XITII.

The results show that the total numbers of bacteria ranged
from less than 10 to 61,400 per ml., 7 samples having less than
100 per ml. and 3 of the samples having less than 10 bacteria
per ml. None of the 9 samples contailned any lipolytic bacteria
in dilutions of 1:10.

The results obtained from such a small number of samples
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TABLE XTIIXI

Mumbers of Lipolytlic Bamcteria
in Aseptically Drawn Milk
Nile-blue sulfate medium

Mumbers of bacteria per ml-EPeroent

Sample. : ‘11polytic
. Total . Lipolytic .bacteria
1 30 0 P o
5 70 0 P
P 20 : 0 I,
5 : 61,400 0 i 0
6 <10 0 P o
v i <lo ¢ 0 i o
9 7,150 0 0
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do not justify a too definite conclusion, but they st least
show that lipolytic bacteria were not obtained from the udders
of some cows which were ylelding milk of a rather poor keep-
ing quality.
Numbers of Lipolytic Bscteria in Unsalted,
Raw Cream Butter Held at 6° C.
for Different Periods

The total numbers of bacteria, the numbers of lipolytic
bacteria and the percentages of the total bascteria that were
lipolytic were studlied with 18 samples of unsalted butter
churned from rew oream obtalned from the butter laboratory.
Following churning the butter was stored at 6° C. and analyzed
after 7 days and after 30 or 42 days, rospectively, to deter-
mine the relative rates of growth of the total and of the
lipolytic bacteria at a practical, shortétime, storage tempera-
ture. The butter was unsalted since it has already been shown
that the lipolytic organisms studled are not very salt tolerant-
The data obtained sre vresented in Table XIV.

The resulta show that 9 samples developed some réncidity
during the first 7 days while the mumber had increased to 13
by the endsof the storage perlods. The total rumbers of bac-
teria after 7 days ranged from 216,000 to 119,000,000 per ml.,
4 of the ssmples having less than 1,000,000 and 14 having more
than 10,000,000 per mle. A% the ends of the storage periods
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PABLE XIV

Number of Lipolytic Bactenia in Unsalted, Raw cgegm Butte
Nile=blue sqﬁ?ate med!

[T}

3 First Examination a:-xl
: Age ¢ T8 : i Age ¢
| : gf t Plavor :Numbers of bacteria per ml.; pencent :3 fgf t F
Sample ; somnies of : _ 1 “$lipolytic: :sample:
t in ¢ sample ¢ Total { Lipolytic tbacteria :: iIin : st
¢ days ¢ : H ’ : 13 days ¢
T ; 1slightly. : 66,000,000 ¢ 2,500,000 : 3.8 t: 42 :barc
H srancid : [ : ' : sran(
2 ¢ " islightly : 178,000,000 ¢ 1,600,000 : 2,08 1: T :not
1 srancid : s 3 B X - ran
3 3 imot T 13,000,000 : .,600,000 : 12.8 ¢tz 7 :8li;
: srancid : : s : 18 b o Rele
4 : " ipitter, : 33,000,000 :+ 1,100,000 : 3.8 :: " 3 !
3 trancid s : : : R 1 :
5 ¢ " srancid T 19,000,000 : 400,000 : 2.1 3t T iranc
: : : ' .3 : 33 :
6 ¢ " :slightly : 46,000,000 : 500,000 : 1.1 . :: T : !
s irancid : ¢ : _ 5 :
7 3 tmalty, : 18,000,000 ¢ 100,000 : 0,56 ¢tz T ¢ !
$ $sl, rancid: L : X :
B : " :not T 4,000,000 200,000 ¢ 5.0 t: " :ched
: trancid : $ , : . 3 :
9 trancid T 13,000,000 500,000 ¢ 3.8 ' $: " sran
H $ 3 $ ' : 33 :
—I0 : " :clean T 119,000,000 1 8,700,000 : S.1 $: " :iche
: :cheesy : ‘ : : g2 : "May
XL ¢ " ‘:unclean : 63,000,000 : 6,000,000 : 9.5 2: " :81li;
3 tchees : ‘ : H - .28 srand
12 : v :r_—l%anc ? 928, 000 208,000 : &22.4 t: o0 :ram
: : N ‘ $ ' $ L $
13 : T isligntly 1 216,000 : 56,000 : 25.9 1z T :
IR | trancid $ : ) : R :
14 : " :barely : 750,000 : 90,000 : 12.0 1z T 1 !
2 srancid H : : : s :
s ¢ T ¢ ¥ : 20,600,000 : 8,600,000 : 41.7 stz F & |
& t T :not T 8,000,000 : T T
$ trancid 3 B ¥ S S :
— 17 : " islightly 366,000 : 64,000 : 17.5 :: " :not
: trancid $ o s ' ' L ran
8 3 Tisuggests ¢ 91,000,000 : 7,000,000 ¢t 7.7 :: 428 :811;
: :rencidi ty : 3 : 2t _sran(
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TABLE l.tiv
ted, Raw C “eam Butter Held
A i
le-blue sg#&ate medium
. ' /:"; \

at 6% C. for Different Periods

_ :::g ) Second Exemination ! Change
s Age ¢ : s ! in
ercent :: gf ¢t Flavor :Numbers of bacteria per ml.: Percent ipercent
polytici:sample: of : ‘ s tlipolytic ¢ of
cterla :: in : sample H Total $ Lipolytic : bacteria :lipolytic
.42 days ¢ : 2 $ tbac
3.8 1: 42 ibarely : 610,000 ¢t < 10,000 : < 1.6 :%ecreasa
IR X srancid : ‘ : .8 : :
3,08 1t " :not : 410,000 : < 10,000 : < 2.4 ¢
' L trancid : : : 2 -
12.8 . s " :slightly : 400,000 : < 10,000 : < 2.5 s:large
: 1T irancid H . H : H idecrease
3.5 sz T o3 T s 1,140,000 : < 10,000 : < 0.8 :
= g $ : .3 : s
2.1 it " irancid : I0,000 : < 10,000 : < 1.35 :decrease
S & : : ' R ' : $
1.1 t:r T T t 1,780,000 10,000 0.6  :decrease
5 R : : : : :
0,56 t: T & " T 2,260,000 : < 10,000 : < 0.4 :small
I X : : _ { g tdecrease
5.0  &: " :cheesy 2,700,000 : < 10,000 : < O.Z :large
R 1 : : s s :decrease
8.8 © 3t " :irancid : 600,000 : < 10,000 : 1.7  :decrease
Z.1 :: - " :cheesy, ¢ 6,000,000 : < 500,000 ¢ 8.3 smedium
» Cogs :"May Apple”: , : : tincrease
9.5 .2: " :sligntly : 11,700,000 : 4,600,000 : 39,0 slarge
R T srancid s H : sincrease
2.4 t: &0 srancid T 1,250,800 ¢ 20,000 t 1.6 tlarge
NRL : : S : sdecrease
25,9 t: " .: T : 6,800,000 ¢ 1,500,000 : 22.0 :8small
N $2 : H : ' . - tdecrease
2.0 sz T : T t 9,800,000 ¢ 1,700,000 ¢t 17.5 . tsmail
= 82 3 : : : - s _ tincrease
11.7 82 vy ¥ s 5,100,000 : 1,000,000 : 19.6 tdecrease
T : 10,000 : < 10,000 :
ST X $ : ‘ : . s 3
7.6 3t " :not t 850,000 : 10,000 : 2,85 s:large
TR £ 3 srancid : o : R :decrease
HE :8lilg : » » ¢ 9, ’ : slarge
$e trancid : , : : tincrease

-
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7 semples had less than 1,000,000 and none of the samples had
more than 10,000,000 bacteria per mls

The numbers of lipolytic bacteria ranged from 56,000 to
8,600,000 per ml. after 7 days and from less than 10,000 to
5,500,000 per ml. at the ends of the storage perlods, at whilch
time 11 of the samples had counts of 10,000 or less. The per-
centages of the totel bacteria that were lipolytiec ranged from
0.55 to 41.7 percent after 7 days and from less than 0.4 to
39.0 percent at the ends of the storage périods- Twelve of
16 samples with whlech comparisons were possible showed smeller
percentages of lipolytic bacteria after the long storage psriods
than after 7 dayse.

The results indlcate that although there were lorge nume
bers of lipolytic bacteria in unsalted butter stored for 1 week
at 6° C., the numwbers decrsessed appreciably during continued
storége at this temperature while there was an incrsase in ran-
cldity. There seemed to be very little correlation between ran-
cldity and large numbers of total bacteria 3 however, the rapid
decrease of bacteris in some of the samples during the time
that rancidity was decreasing suggests an inhibitory influence
on bacteria of the products formed in butter by theme

Wumbers of Lipolytic Bacteria in Unsalted,
Pasteurized Cream Butter Held at 0° C.

for Seven Months
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The total numbers of bacteria, the numbers and types of
lipolytic bactpria and the percentages of the total bacterla
that were lipolytic, in unsalted. storage butter. were studied
with 12 samples made in a churn which had been carelessly
cleaned. The butter was studled hecanse It was considered im-
portant to determine the numbers and types of lipolytic bac-
teria in butter after it had‘been stored at 0° C. for 7 months,
this being a comparatively long storage period for commercial
conditions. Table XV presents the data obtainede.

The results clearly indicate that the butter was of very
poor guality and that all the samples were rancid to some de=
gree. Ihe total numbers of bacterila ranged from 90,000 to
135,000,000 per mle, 7 of the samples having more than 10,000,000
and 3 having less than 1,000,000 per mle The mumbers of lipo=-
lytic bacterias varied from 6,000 to 12,000,000 per mle, only 1
sample having more than 10,000,000 and 8 samples having less
than 1,000,000 per mls The percentages of the total bacteris
that were lipolytic renged from O.1 to 16.7 percent, 8 of them
being below 5.0 parcente.

Ps. fragi types predominated in 9 ssemples, Ps. flucrescens

types In 1 sample and In another sample these two ﬁypes were

found together in large numbers.
The results indicate that thers were large numbers of 1ipo-

lytic bacteria in unsalted butter after it had been stored at



TABIE XV

Mambers of Lipolytic Bacteria in Unsalted, Pasteurized Cream,
Butter Held at 0° C. for Seven Months

Hile-blue sulfate medium

_ tTotal score: Flavor ;¢ Percent t
Sample® of . of :Numbers of bacteria per ml :11polytic? Predominant
!  butter ¢ butter Total : Lipolytie :becteris : specles
1 : 856.0 tdefinitely: 600,000 : 10,000 : 1.7 tPs. fragl
t : sraneid 3 ' P ' H :
2 31 85.0 tstrongly : 45,000,000 ¢ 1,000,000 : B2 = " "
3 trancid H ‘ s H . :
3 3 8540 tdefinitely: 2,900,000 ¢ 110,000 & 3.8 : " "
$ srancil s ' ¢ ) : :
4 ¢+ B85.0 : " T 12,000,000 ¢ 430,000 : 3.8 .
3 : H ' : ' : :
5T B850+ 1,500,000 50,000 T 8.3 T &
: ' : $ : $ : '
6 2t 86.0 tstrongly : 135,000,000 : 12,000,000 ¢t 8.9 : © - "
: . trancid : ' ‘ s s ‘ s .
~ 7 & . B5.0 tdefinitely: 26,000,000 : 270,000 : 1e0 :Pse fluorescens
: trancld H d : 3 .
8 : B850 tocheesy and: 84,000,000 ¢ 8,000,000 ¢ 2+8  1Ps. fluorescens
: srancid H ‘ IS i : ____iPse fragl
9.2 86.0 tstrongly : 17,000,000 @ 1,100,000 1 65 tPs. fragl
s trancid $ 3 3 :
10 & 85.0 tcheesy and: 90,000 : 6,000 t 6.7 ¢ T "
3 trancid : ‘ ' 3 s : I |
11 : 85.0 tdefinitely: 22,000,000 30,000 1 T "
T18 & B5.0 : " : 240,000 : 40,000 : 16.7 = " ™

*The predominant type was isolated from some samples and ldentified.
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0° C. for 7 months, that Ps. fragl was the most common specles
jidentified from these samples and that rancidity was the common
defect which occurred in the samples under such storsge condi-
tlionse
Numbers of Lipolytic Bacteria in Good Quality,
Lightly Salted Butter

The total numbers of bacteris, the numbers of lipolytie
bacteria and the percentages of the total bacteria that were
1lipolytie, in high quality, unsalted butter were studied with
23 samples of butter secured from widely scparated sources.

The samples were chosen since 1t was thought that the more
careful selection of the cream for this butter might result in
a low total baoterial count and a low percentage of lipolytic
bacterias The data secured are presented in Table XVI.

The results show that the totel numbers of becteris ranged
from 11,000 to 1,456,000 per ml., 13 of the samples having less
than 100,000 and only 4 having morse then 1,000,000 per mle The
mumbers of lipolytic bacteria ranged from less than 1,000 to
40,000 per mls., 17 of the samples having counts of 1,000 or
less while only 1 sample had more than 10,000 bacteria per mle

The percentages of the total bacteria that were lipolytic
rauged from less than O.1 to 18+5 percent with 9 of the sam-
ples having less than 1.0 and only 1 sample having more than
10.0 percent.

The results show that there were some 1lipolytic bacteria



TABLE XVI

Numbers of Lipolytic Bacteria in Good Quality, Lightly Salted Butter -

Nile-blue sulfate medium

tTotal score! Flavor .. ¢t Pevrcent
Sample: of . of =1~:umbers of bacteris per ml':lipolytio
t _ _butter butter : Total : ILipolytic :bacteria
B R 94.0 tmild and clean S 102,000 ¢ < 1,000 t < 0.9
2 93.0 tcoarse : 130,000 : < 1,000 t < 0.8
3 02.0 tpoor raw product @ 23,000 : 1,000 : 4.3
4 93.0 tcoarse : ‘880,000 : < 1,000 1 < 0.2
5 94 .25 tgood : 1,500,000 @ 4,000 1 0.3
6 : 94.0 sy + 1,328,000 : < 1,000 t <. 0.1
7 925 L H 340,000 : < 1,000 1t < 03
8 92.0 H ’ $ 25,000 2,000 : 8.0
9 92.0 tflat : 158,000 4,000 : 2.5
10 935 twintry H 11,000 @ 1,000 H 9.1
11 9340 tburnt s 12,000 : <« 1,000 1t < B3
12 9345 tolean, mild : 12,000 ¢ < 1,000 t < B3
13 91.0 twintry H 20,000 : < 1,000 t < 5.0
14 ¢ Q3.0 sgood ) 10,000 1,000 : 10.0
15 93.0 t18lightly rancld s 3,000 : < 1,000 : :
16 935 tgood s 54,000 10,000 t <1845
17 :  93.0 ¢ 0 : 77,000 2,000 t 2.6
18 ¢ 93.5 : " : ‘976,000 : < 1,000 1< 0.1
19 9340 i1flat s 1,456,000 t < 1,000 1< 0.1 -
20 92.0 :feed s - 17,000 : < 1,000 i< 5.9
I.S. 13 tgood (medium salt): 1,040,000 : 40,000 : 0.4
I.S. 2: : " " "o 42,000 : < 1,000 1< 2.4
TeSe 3¢ : " " "o 11,000 3 1,000 i 9.

=631~
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in good juality butter but that the rmumbers were generally mch
smeller than those obtalned with the raw milk, raw cream and
butter that had been previously exsmined.
Numbers of Lipolytlic Bacteria in Defective Butter
from Various Sources

The total numbsers of bacteria, the numbers and types of
lipolytic bacteria and the percentages of the total bacteria
that were lipolytic were studled with 26 samples of defective
butter obtalned from diff erent commercial plents in Towa and
s few other states. It appeared that selecting samples in thisg
mamer might result in finding additional types of lipolytic
bacteria which might be related to the development of rancidity
in butter. DMNost of the samples were salted but none of them
contained more than le5 percent salt. The data obtained are
gilven in Table XVII. Samples 1, 2, 3, 4, 5, 14, 15, 25 and
26 were rather old samples of Iowa butter which had been stored
for a few waeks at 0° C. Little is known abont the actual sges
and the storagé conditlions of the other samplese

It 1s evident from the data glven that the samples showed
many defects although only 5 of them were described as rancide.

The total numbers of bacteria ranged from 3000 to 42,800,000
per mle, 7 of the samples having more than l,OO0,000'per mle
The numbers of lipolytic bacteria varied from less than 100 to
900,000 per ml., with 14 of the samples having less than 10,000
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from

TABLE XVII

Lipolytic Bacteria in Defective Butter
Various Sources-Salting Variable

Nile-blue sulfate medium

W TIAR TSI e s e ASARERI S e e s,

I s : : B
' «Source: Flavor gﬂumbers of bacteria per ml., Percent . gggggggnﬁgt
.butter, butter . Total : Lipolytic ;bacteria , £vne
1 : Ia. :suggests ! 300,000 @ 1,000 t 0.3 :
s trancldity : _ : . : :
2. : 7 :8lightly s 22,500 : < 1,000 t < 04 :
R trancid : H : U
3 ¢ 7 tolly : 3,000 : 100 ¢ 3.3 :micrococous
: H : : _ t
4 1 T " : 60,000 : < 1,000 : <1.7 T ,!c;
: 3 3 : ) : e
§ ¢ ' rancid : 150,000 & < 1,000 ¢t <07 3 i
— T TIT. :roquefort t 30,000 + 1,000 + <B:0 :
7. ; la. ;rancid ; 5,000,000 ;mostly moulds; ;lipolytlc
: s 3 ' ' : L $ :moulds
g 1 7 rroquefort : 42,800,000 ¢ 500,000 : 1.2 :micrococcus
o Washeirancid T 800,000 t < 1,000 <05
—6 : Wont.:stale, : 56,000 I,000 4.2 ™
: tputrefactive : 8 H :
11 . : Tex. stallowy, : 420,000 : 3,000 ¢ 0.7 = "
: tgtale t : : :
—12 T :stale, cheesy: 2,700,000 : 800,000 ¢ 1l.1 ¢ "
(cont inued on following page)




TABLE XVII (contimed)

Mambers of Lipolytic Bacteria in Defective Butter

from Various Sources-Salting Variable

Ni1le~blue sulfate medium

-
: : : : 1 %P
¢ Source; Flavor : Jumbers of bacteria per ml., Percent , wsggggggnﬁgt
Semple; of . of : : s1ipolytle; morphologic
. ;butter, butter : Total « Lipolytic .bacteria . type
13- ¢ Iae. tgood : 1,040,000 : 40,000 H 385 :Ps. fragil
Iy : 43,000 1 < 1,000 1 <B4 1
IR t 10,000 : < 1,000 {<10-0 :
— I8+ iobjectIonable: 2,000,000 i — 30,000 ¢ Tt =" o
: : : 3 3 .t
i7 : " :storage : 520,000 : 60,000 ¢t 11+5  :Ps. fluorsescens
BT gyeasty : 950, 000 : 40,000 ¢ 4.2 iPs: fragl
1§ T+ T 1slightiy T 5,000,000 + 40,000 ¢+ 08
: tcheesy : o : : :
20 : T :storage : 86,000 ¢ 3,000 : 8.3
51 ¢ Tii. :81lightiy : 850,000 1 150,000 : £3.0 :Ps. fragl
: trancid : : : :Ps. fluorescens
22 ¢ Ore. :biltter, r 10,900,000 : 900,000 s 8.3 smicrocooocus
: tcheesy s : 1_7 :
23 ¢t Ille. :rancid : 360,000 : 53,000 ¢ 14.7 :lipolytie
t s s _ L : ______tyeasts
24 : la. : : 180,000 : 90,000 : 500 :A. 1lipolyticum
I : : ' H : :Pg. fragl
25 : ' :alichtly : 3,000 : <« 100 : < 3.3 @
s trancid s t :
26 ¢ 7 T : 77,000 2 2,000 : 20 :

¥The predominant type was

isclated from some samples and

identified if possible.

~BLCT"
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per mle The percentages of the total bacterla that were lipo-
lytic ranged from less than 0.3 to 50.C percent, 8 of these
being less than 1.0 percente

The lipolytic bacteria isolated and identified were simi-
lar to the organisms generally obtained from the dairy pro-
ducts examinede There was a predominance of micrococcl in the
samples obtained from Montana, Texas, Oregon snd some Iowa
plants; these samples wers not rencid. A very actively proteo-
lytic yeasgst was isolated from a sample obtained from Illinois.

The results indicate that there were apprecisble mumbers
of lipolytle bpcteria in ordinary defectlve butter from widely
distributed sources but that there seemed to be little correla-
tion between the bacterlal counts and the types of defects
_present In the butter. The micrococcl which were isolated
proved to be only weakly llpolytic and were not identified.

Growth of Lipolytic Bacterila in Unsalted Butter
Churned from Inoculated Sterile Cream
and Held at 21° C.

The growth of lipolytic bacteria in unsalted butter churned
from ilnoculated sterile cresm was determined with 19 samples
which were examined when fresh and at least once after storage
at 21° Co The data secured from two and usually from thres
examinatlons of these samples are given in Table XVIII.

The results show that the initial numbers of 1ipolytic



TABLE XVIII

Growth of Lipolytic Bacteria in Unsalted Butter Churned from
Inoculated, Sterile Cream and Held at 21° C.

Beef infusion agar

Mumbers *

Second Examination

Third Examination

Culture ° of - -~ : . _ -
used ! bacteria: Age of: Flavor * DNumbers of ! Age of: Flavor t MNumbers of
* in fresh?! sample: of : bacteria ! sample:l of : bacteria
: _butter :in davs? butter ? per mle tin dayst butter @ per mle
.6 :+ 70,000t 7  :good : 5,000,000 : 10 :dirkty : 24,000,000
B 10,000t 7t " : 300,000 + 10 :siightiy: 4,000,000
s L - : I srancld 3
) ¢ 160,000: 12 toff : 38,000,000 : : 2
16 t 12,400t 7  :good t 1,600,000 ¢ 10  :good T 6,400,000
17 : 7,400 7 % : 300,000 ¢ 10 sslightly: 2,300,000
$ 5 : : ' ‘ : trancid ¢ ' ‘
20 T 490,000¢: 4 :slightiy: 8,000,000 ¢ 7  :rancid : 50,200,000
_ : : trancld ' : : : :
27 : 870,000 7 toff : 9,000,000 : e s ' '
36 i 850,000 & i+ " 80,000,000 14 ivery + 343,000,000
H H s H : tobjac-
: : : : t _ ttionable:
37 t  520,000: 2 tslightly: 655,520,000 3 1very s 36,800,000
- : : trancid : ~ : trancid _
41 +1,000,000: 4 srancid : 20,000,000 : 7 T : 11,600,000
41 t%7,720, 000 1 tslightly: 10,060,000 : 4 : " : 50,000,000
: : srancld ¢ : H :

{continued on following page)
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TABLE XVIIT (contimed)

Growth of Lipolytic Bacteria in Unsalted Butter Churned from
Tnooulated, Sterile Cream and Held at 21° C.

Beef infusion agar

Cutt . Nug?ers . 8seond Examination : Third Examinetion
Esegre ¢ bacteria! Age of: Flavor : Numbers of * Age of*® Flavor t Numbers of
! in fresh®! sample:’ of : bacteria 3 sample® of : bacteris
¢ _butter :in davs® butter °:  per mle tin days: butter per _mle
- 41 +3,150,000: 3 ivery t 27,720,000 ¢ 7 tvery s 120,000,000
__ s __ ' s srancid ' ‘ : trancid & _ ‘ '
42 19,000,000: 4  srancid : 159,000,000 s 17 & " t1,050,000,000
: . : s o 1 ¢ 135,000,000
42 t 400,000t 2  :good t 62,000,000 ¢ 7  trancid ¢ 55,000,000,(1’;
45 :1,000,000: & ¢ T 107,000,000 ¢ : : 5
H $ H : , s : $
49 t  ©00,000: 10 :slightly: 907,000,000 : 21 ¢ © T 130,000,000
s o ¢ trancid ¢ R : s ‘ '
(3] : 10,000: 4 :"Hay ¢ 43,000,000 1+ 7 : "May : 22,300,000
(surface): : tApple" : sApple", :
, 3 ' $ 3 : ‘ ' : trancid ¢
—. 97 & 200,000: 4 :rancid : 96,000,000 : 7  :very ¢+ 17,600,000
(surface): ' : : s ‘ ' : :rancid '
0 t 680,000t 4 31 T 82,000,000 &t 7 tvery : §,500, 000
(surface): : : : : srancid ¢

e
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bacterla in 14 of 19 samples were less than 1,000,000 per ml.
while in the rémaining 5 aamples they were over 1,000,000 per
mle The counts of lipolytic bacteria at the second examina-
tion ransed from 300,000 to 159,000,000 per mle, 13 of the sam-
ples having counts above 10,000,000 per ml.

The mumbers of lipolytic bacteria at the third examina-
tion ranged from 2,300,000 to 1,050,000,000, with 3 samples
having more than 10,000,000 per mle and 1 of these having more
than 1,000,000,000 bacteria per mle All the samples showed
definite increases at the second examination over the first.

At the third examination, 5 of the samples showed definite de-
creoagses in mumbers concurrent with the development of strong
rancidity. One sample which was examined 4 times showed an ex-
tremely large Increcase In the numbers of Ilpolytic bacteria per
ml. at the third examination and a very large decrease at the
fourth examination.

From the above considerations it is evident that there
was a rapld Increase for a short while in the mumbers of lipo-
lytic bacteria in unsalted butter held at 21° C.: this in-

3

crease was soon followed by a rather rapid destruction of the
organismse. ,
Growth of Lipolytic Bacteria in Surface and
Sub=-surface Portions of Unsalted Butter

The growth of lipolytic bacteria in surface and sub-surfac
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portions of unsalted butter was studled to determine the effect
of the air supply on the growth of these orgahisms- The study
was made with 18'samples of butter, churned from samples of
sterilized cresm, esch of which had been incculated with a pure
culture of a lipolytic organism. The data obtalned (from one
or two examinations, in addition to the one made on the fresh
butter) sre included in Table XIX.

The results show that the numbers of inoculated organisms

in the fresh samples were, on the averaga, quite uniform, rang-
Ing from less than 10,000 for 2 samples, to 490,000 per ml.
At the second examination the rmumbers of bacteria in the sur-
face yortions ranged from 70,000 to 138,000,000 per ml., while
in the sub-surface portions they varied from less than 10,000
to 80,000,000 per mle. higher than the sub-surface counts in 13
of 15 samples and slightly lower in 2 samples.

At the final examinmation the mumbers of bacteria in the
surface portions ranged from 8,400,000 to 50,200,000 per ml,
while in the sub-surface portions they varied from 140,000 to
54,600,000 per mle The surface counts were higher than the
sub-surface counts in 6 of the samples and lower in the re-
maining 3 samples. In 2 of the 3 samples which had highen
sub-surface than surface counts strong rancidity had already
developed. A

The results indicate that there wore large differences



TABLE XIX

Growth of Lipolytic Bacterla in Surface and Sub-surface Portions
of Unsalted Butter Held at 21° C.

Beef infusion agar
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TABIE XIX (continued)

Growth of Lipolytic Bacteria in Surface and Sub-surface Portions

of Unsalted Butter Held at 21° C.

Begef infuslon agar

t humbers of:

Second_Examination (4-7 davs)

t _Third Fxamination (10-20 davys)
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in the numbers of lipolytic bacterias in surface and sub-surface
portions of unsalted butter held at room temperature. During
tte first part of the storsge period the most repid and great-
est increasses were shown In the surface samples, but after 7
or 10 days the numbers of bacteria in the sub-surface portims
exceaded those in the surface portions. When the numbers were
decreasing in the surface portions they were still increasing
in the sub-surface portions. Eventually the inhibitory effect
on bacterial growth which was first evident in the surface por-
tions also became effective in the sub-surface porticns and
this resulted in a decrease in the numbers of bacteria in
representative samples of the butter.
Numbers of Bacteria in Unsalted Butter
When Rancidity is First Evident

The numbers of bacteria in unsalted butter when rancidity
is first evident were studied with 15 samples of unsalted butter
held at 21° C. Some of the samples wers churned from sterile
cream and the remainder from sweet raw creame. The data on the
ages and the bacterial counts of the samples are recorded in
Table XX«

The results show that when rancidity was first evident in
the samples, at ages ranging from 4 to 16 days, the numbers of
bacteria varied from 1,050,000 to 78,000,000 per mi. Six of
the 9 samples containing only lipolytic bacteria had less than



TABLE XX

Mambers of Bacteria in Unsalted Butter when
Rancidity is First Evident®

Beef infusion ager

t Treatment of ¢ Age of ¢
Sample 1 cream before : sample @ Yumbers of
: churning : in days : bacteria per ml.
S tinoculated with 15 : 36,800,000
+ pure culture @ : ‘
2 s " 3 14 3 4,000,000
3 : v : 4 : 10,060,000
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5 " : 10 : 97,000,000 5
6 s N 3 4 s 8,000,000 g
7 : il s 16 : 1,060,000 :
8 s i H 14 2 11,720,000
) : " : 14 : 56,000,000
5 " i 5,300,000
11 isweet raw oream @ B : 78,000, 000
12 " : 8 : 38,000,000
13 : B : 8 : 48,000,000
14 : " : 8 : 18,000, 000
15 : i : 8 s 20,600,000

#Butter held at 21° C.
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15,000,000 per ml., end none of the 5 samples churned from raw
cream contained less than 18,000,000 bacteria per ml. when ran-
cidity was first noted.

The results indicate that there were rather large rmumbers
of bacteris present in unsalted butter held at 21° C. when ran-
cldity was first evident but that these numbers were smaller
when pure cultures of lipolytic bacteria were used then when
mixed cultures of organlisms were usede.

Relationshlp Between the Development of Rancldity
and the Decrease in the Numbers of Lipolytic
Bacteria in Unsel ted Butter

The relationship between the development of rancidity and
the decrease in the munbers of lipolytic bacteria in unsalted
butter was studied with 11 samples of unsalted butter, esch of
which was churned from sterlle cream that had been inoculs ted
with a pure culture of a lipolytic organisme The study was
made because the resulis recorded in previous tabies suggested
that rancidlity has an inhibitory effect on bacterial growthe.

Table XXI presents the data obtained. The results show
that the numbers of bacteria in the fresh samples ranged from
less than 10,000 to 9,000,000 per ml. A%t the second examina-
tion all the samples were rancid and showed much higher counts
than originally. The numbers of bacteria per ml. then ranged
from 70,000 to 159,000,000 per mle, only 1 sample having less



TABLE XXI

Relationship between the Development of Rancidity and the Decrease
in the Numbers of Lipolytic Bacteria in Unsalted Butter®

Beef infusion agar
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than 2,000,000 per mle.

At the third examination all the samples examined were ran-
cild or very rancid and the numbers of bacteria ranged from
8,400,000 to 1,059,000,000 per mle When the samples were be-
tween 7 and 10 days old, 4 of the 9 showed large decreases 1n
counts over the previous examinatione At the fourth examina-
tion the rancid flsvors were more pronocunced than previously
in all the samples and the nmumbers of becteris had decreased in
every instance, the final counts ranging from less than 10,000
to 135,000,000 bacterla per ml.

From the above considerations it is quite evident that
there were rapid decreases in the nmumbers of bacteria simul-
taneously with the development of rancldity in butter and that
these decreases continued with age.

Salt Tolerance of Some Lipolytic Bacteris

The salt tolerance of lipolytic bacteria was studied with
1 or more oultures of 8 specles or morphologic types of lipo-
lytic bacteria. The ability of the organisms to grow in brine
concentrations similating those in commercial butter was de-
termined In mutrient. bouillon brine at 21° C.: Cultures were
examined every day for 7 desys to detect thrbidity or other
changes which would indicate growth. The concentrations of
sodium chloride in nutrient bouillon were equivalent to brine
concentrations in butter of 0.8 to 2-5‘percent salt in 15 per-

coent moisture. The ablilities of the organisms to survive
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these concentrations of salt without growth were not deter-
mined. The data obtained are presented in Table XXII.

The results show that 20 of the 24 organisms definitely
grew in 5.0 percent bouillon brine, 13 definitely grew in 6.25
percent, 2 grew in 7.5 percent and only 1 culture showed growth
in brine concentrations above these. The last mentioned or-
ganism, which was a mlcrococcus, grew well.in 120 percent
boulllon brine. Three cultures showsd no evident growth and
1 culture gave questionable growth In 5.0 percent bouillon
brine while 10 cultures showed no evident growith and 1 culture
showed questlonable growth in 6.25 percent bouillon brine.

None of the identifled species gave any evidence of growth in
bouillon brine concentrations asbove 6.25 percent (equivalent to
1.0 percent NaCl in 15.0 percent moisture).

The results indlcate that a very large percentage of lipo-
lytic cultures studled dld not tolerate brine concentrations
higher than 6.25 percent (equivalent to 1.0 psrcent NaCl in
15.0 percent moisture). The 2 cultures which grew in 7.5 per-
cent bouilllon brine, oﬁe of which also grew in a 12.0 percent
concentration, were micrococcus types. The fact that the micro-
coccus types were more salt tolerant than the grem negative
non-spore forming rods possibly accounted for the isolation of

large numbers of these organisms from salted butter.



SALT TOLERANCE OF SOME LIPOLYTIC BACTERTA
*Growth determined in bouillon brine

TABLE XXII

L TINT W Y LT XTI 4 D T4 e, W ity S e g e e

Concentration of NeCl in nutrient Hou

i

, s : illon
Cultures Specles or morphologic type :_5. s : 7.5% 8. $t 10% t 12% % 16%
. . :Grow ° OW $ 0 $ 3 0 H OW H O
.6  :Ps. synxantha : + ! - R R : = L ! -
7 Ps. schuylkilliensls LI S T S D SR S -

12 :Ps. fluorescens T + $ - P - P - : - P - LI

17 tPs. fluorescens T+ : - ! - P - T - P - I

20 :Ps. fluorescens-var. zymogenesa: -+ : + T - T - : - P - ¢ -

28 :Ps. fluorescens-var. patula T+ HEEN : - P - T - ! - P -

33 Ps« schuylkillienais R T S R S ST I ST SRS S S

38 :Ps. fluorescens-var. radlans : + ¢ + ! = ! = ! = 3 @ ¢ =

41 :Ps. mucildolens ' : + - ! - P - P - : - ! - '

56 :Ps. acidlconcoquens PR S S S R S T ST T
M10 :Ps. fragi P+ P - ¢ - : - : - I : - §

57 ‘tmlcrococcus R T+ s + : - - t =

59 :Ps. acidiconcoquens : 2 IR HEEN : - HEN ! - : -

73 :Pg. fluoreseens : + t o+ ! - ! - : - ! - : -

75 :Pa. fluorescens T + HEE 8 P - t - : - HEE ! -

76 :Ps. fluorescens : + :t + - t = : - ! - ! -

80 tclosely related to - s s : : . s

- sPge fluoraescens I T T R R R T

82 :Pge.fragl T s ? P - $ - s - $ - : -

90 $A. lipolytioum : + ¢ + I LR : - ! - ! -

94 :A. llpolytlicum R D T B ¢ - ! - : -
108 :A. lipolyticum N : o+ P - T - ! - I : -
128 :A. connii S A R I N
148 :mloroocooocus IR S I S TR T ST SR ST N TR SR
164 :Ps. fluorescens IR P - $ - S ! - T -

c

*Cultures incubated for 1 week at 21°
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DISCUSSION OF RESULTS

The results obtained indicate that there were consider-
able mumbers of lipolytic bacteria in fresh milk and cream,
that there were few, 1f any, in aseptically drawn milk and
that there were considerable numbers in butter. Freéh un-
salted and lightly salted butter, of average gquality, con-
tained ﬁore lipolytle bacteria than good quality, lightly sal-
ted butter or than butter of unknown salt content from various
sources .

There seemed to be a fairly close correlation between the
numbers of lipolytic organisms and the incidence of rancidity
in milk, cream and unsalted butter when the rancidity de-
veloped during extended holding perlods of these products:
With the samples that developed rancidity when fairly fresh,
however, this correlation was less evidente These obserwations
suggast the lmportence of an inherent lipolytic enzyme in the
pro&ﬁbtion of rancldity in some samples of milk. It is also
noteworthy that the milk and cream which developed rancidity
when fair1y fresh dild not become appreciably worse without
rapld increases in the numbers of lipolytic bacteria.

Unrecorded data obtained in this investigation have shown

that rancidity can be produced through the sction of enzymes
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elaborated by bacterim. Enzyme preparations were made by grow-
ing pure enltures of livnolytic organisms in sterilized skim-
milke Vhen the milk was completely digested the organlsms were
all destroyed, by the addition of "Formalin" (1 part to 800
parts of the digested milk), before the preparations were uged.

These preparations were inoculated into small quantities
of sterile cream which were churned and held at 21° C. Of the
enzyme preparations from 15 organisms only 2 produced the
same degree of rancidlty in butter as was brought about by the
organisms themselvese

Concerning the inhibiillon of bacterial growth by rancidity,
the results show that- there waa a rapld decrease in the mmbers
of bacteria when strong rancidity developed. This was attributed
to the 1nhibltory influence of butyric or of other lower fatty
aclds preduced by the hydrolysis of the tri-glycerides. The
inhibitory effect of butyric and caprolc acids upon bacterial
growth was confirmed by unrecorded data obtained in this work.
Conoeptrations of these two fatty acids as low as 1 part of
acld in 1000 parts of mutrient boulllon prevented bacterial
growth, while 1 part of oleic acid to 10 parts of nutrient
bouillon did not prevent growth. The hydrogen ion concentra-
tlons of the boulllons were reduced as 1ow as 4.7 to 5.0 with
the concentrations of the lower fatty acids mentioned above,

and it is not kmown whether the inhibitory effect upon the
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growth of the bacteria was exerted by the toxiclty of the aclds
or by the low pH induced in the medla.

The work herein renorted and the unrecorded general obser-
vations concerning the inhibition of bacterial growth by a
strongly rancid condition in butter are in agreement with much
of the literature.

The Influence of the air supply on the increase in the num-
bers of bacteria in butter appears to be importante. Bacterisl
examinations of surface and sub~surface portions of unsalted
butter showed that there was a more rapid and extensive in-
crease of organismsg in the surface than in the sub-surface pore
tionse

The results on the salt tolerance of a number of lipolytic
organisms indlcates that, of the lipolytie cultures used, only
the micrococeus forms grew well in a bouillon brine containing
an amount of salt equivalent to 1.0 percent salt in butter con-

taining 15.0 percent moisture. The Pg. fluorsscens types

were a llttle less salt tolerant than some of the other types.
Thils confirms an observatlon which was often made throughout
the work that greenish fluorescent colonies were much less
commonly found on beef Infusion agar from samples of commercial,
salted butter than were some other types. The data considered
as well as general observations have shown that Ps. fragi,

A. lipolyticum, micrococcus types and non-proteolytic gram nega-

tive rods which. produced an alkaline reaction in litmus milk,
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were most commonly lsolated from butter of different salt cone
centrations.

No data have been reported in this study on the effect of
the moisture supply on the growth of bacteria and the develop»
mént of rancidity in butter. Constant observations, however,
indicated that both the growth of bacterla and the development
of rancidity in unsalted butter were greatly favored by the
presence of free moisture resulting from weak bodied, poorly

worked buttere.
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SUMMARY.

le Therse were considerable nmumbers of lipolytle bacteria
in average fresh milk and cresm tut not in aseptlically drawn
milke

2+ Rancidity which developed in fairly fresh milk and
cream probably was not due to any great extent to the lipolytie
organisms presente

3« There were rapid increases in the numbers of lipolytiec
bacteria in unsalted butter held at 0%, 6° or 21° C.

4. The development of rancidity in milk, cream and un-
salted butter during sxtended holding periods ﬁas always accom-
panisd by large increases 1n the mumbers of lipolytic bacteria.

5. Lipolytic bacteria produced strong rancidity in butter,
and when this defect was well inltiated 1t developed simltane-
oualy, after a certain point, with decreases in the mubers of
lipolytie organismES .

6« The growth of bscteria was favored more by conditions
in surface than In sub-surface portions of unsalted butter.

-7« TNormel deiry products did not become rsncid unless
falrly 1argq numbers of lipolytic bacteria were present.

8. Rancidity inhibited bacterial growth in butter.

9. The 1mp6rtant lipolytic bacterias appear to be rather
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Intolerant of salt and therefore grow poorly in salted butter.
10« Lipases elaborated by bacteria produced rancidity in ¢
butter made from sterilized cream inoculated with sterile en-

Zyme preparationse



«150=

SECTION IV

THE ABILITY OF LIPOLYTIC BACTERIA TO PRODUCE RANCIDITY
IN BUTTER FAT, IN SOME OTHER NATURAL FATS AXD OILS
AND IN SOME SIMPLE TRI-GLYCERTIDES
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GENERAL CONSIDERATIONS

A consideration of some of the literature reviewed in
Section IIT on the conceptlons of ranclidity indicates that
the term "rancidity" has been used rather indiscriminately by
Investigators in different iIndustrles to define distinctly
different defects or chemlcal changes of fats and ollse.

The word "rancidity" is used in the dairy industry to in-
dicate a defect which is characterized by the hydrolysis of

the tri-glycerides with the formation of chemical substances

‘having the characteristic odor of butyric acid. Since the

most probable source of these substances is the tri-glycer-
ides, it seems loglcal that they would occur most readily in
the hvdrolyvtic products of a natural fat or oil which contains
a considerable smount of the lower tri-glycerides.

In view of the fact that such fats and oils as lard, beef
fat, corn oii, wheat kernel oll, linseed o0il, etec. contain
none or only small amounts of the lower fatty aclds {(as tri-
glycefides),while butter fat contalns relatively large amounts,
1t seems that hydrolytlc rancidity should not be encountered
in other fat and oil industries as it is in the dairy industry.
On the other hand, the defects caused by an oxidation of the un-

saturated molecules should be encountered frequently with
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various fats including butter fat.

& consideration of the resnults praesented In Section I
shows that tri-lavrin and the higher simple tri-glycerides,
wlth the exception of tri-olein, are very diffilcultly hydro-
lyzed by bacteria and, since thils i1s true, 1t appears that
the mixed tri-glycerldes containing large amounts of the
higher saturated fatty aclids mast also be hydrolyzed with grest
difficulty. The tri-glycerides of certaln natural fats and
olls other than butter fat are composed almost entirely of the
higher fatty acids and therefore when these fats and o0ils under-
go a chemical change the molecules primarily involved. are no
doubt those which contaln large smounts of oleic or other une
saturated acidse |

The changes resulting when the unsaturated fatty acids in
the molecules arse saturated through the addition of oxygen
have been defined as oxldative or autoxidative by many investi-
gatofs; and these changes result in a defect which 1s known in
the dairy industry as "tallowiness". |

It should be recognized that uniformity in the use and in-
terpretation of the terms "rancidity" and "tallowiness" would
result in much less confusion in the literature and would clari-
fy the whole general understanding of the deterioration of fats

and oiis-
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Rancidity Defined

In the work herein reported the term "rancidity" hes been
used to deslgnate a condition of fats which is qharacterized
by the odor and flavor of the lower fatty acids, especially of
butyric acide.

The defect rancidity has been detected by the senses of
smell and taste since it 1s recognized that certain chemical
compounds can be more accurately detected by the senses than
by chemical means, and it is thought that this 1s especially
true of butyric acilds Grossfeld and Battay (31) found that 1
part of butyric acid in 12,500 parts of a medium could be de-
tected by the sense of smelle.
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STATEMENT OF THE PROBLEM

The work herein reported was undertaken to determine the
relative susceptibilities of some simple tri-glycerides and
some natural fats and olls to the development of rancidity
through the action of lipolytic bacterla. The fats employed
were dilspersed by the use of an agar emlsion, flne sewdust
or shredded filter paper to make them more accessible to the
action of the inoculated bacteria.

The study was carried out because the work reported in
Sectlon I indicated that the tri-glycerides of the lower fatty
acids (contained in butter fat) are much more susceptible to
lipolysis by bacteria then those of the higher acids which con-
stitute the bulk of the saturated acids in olive oil, cormn oil,
ete. It appeared that if "rancidity", as interpreted in the
dalry industry, were csused by the breakdown of the unsaturated
molecules, corm oil and olive 0o1l, which have large percentages

of olelc acid, should readily become rancid.
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METHODS USED

In the trisls involving an agar emulsion, the fat and the
peptone solution were emulsified with a 0.5 percent agar solu-
tion. The peptone solution nsed in some of the trisls con-
tained 5 grams of peptone in 95 cc. of distllled watere.

The sawdust used was sifted through cheesecloth, washed,
drained and dried in petri dishes-

The filter paper used was prepared by shredding or grinding
moist filter paper with sand in a mortar. The paper was separ-
ated from the sand by floating on water, divided into small
lots and dried in petri dishes.

The butter fat, corn oil and olive o0il used were of the
filnest quallty and were filtered by means of a hot water funnel.
The tri-butyrin and tri-olein were cormmercial preparations (see
Section I) andeere not f iltered.

The ingredients were either mixed together and then
sterillized or were sterilized separately and then mixed. Re-
gardisss of the form in which the constituents were sterilized,
they were autoclaved at 15 pounds pressure for 25 minutes and
were smilslifled when cooling.

Each medium in a series was inoculated when partly cooled,

with a small quantity of growth from an agar slant, and was then

-
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treated in the manner which would give the greatest homogeneity
in the emulsion. An inoculated check was kept for each medium
in a series. The samples were incubated at room temperature
and were examined often by several persons over a long period
of time, the taste and smell belng used entirely for the detec-
tion of defectse



RESULTS OBTAINED

The Susceptibilities of Some Simple Tri-glycerides
and Some Natural Fats to Rancidity Through
the Action of Lipolyvtic Dacteris

Six series of triesls were carried out, in each of which
various fats were used, and each fat proparation was divided
into a number of parta so that various orzganisms could be tested.

The detalled description of the medium or media employed
for each serles is as follows:

Series 1. Five cc. of a 5.0 percent stock peptone solu=-
tion were added to 15 cc. of distilled water and 80 cce. of
filtered butter fat. This mixture was divided into four parts
and each pﬁrt placed in a four ounce, glass-stoppered bottle
and sterilized?

Series 2. To 16 cc. guantitiles of the respective fats was
added 1 cce. of a sterile 5.0 percent pveptone solution, and the
mixtures were emlsifled with 3 cc. of a 0.5 percent agar solu-
tion. Each medium was divided equslly among four test tubes be-
fore sterilizing.

Series 3« Small volumes of the prepared sawdust were
sterilized 1n esch of 10 netri dishes. The sawdust was then

molstened with sterile 5.0 percent peptone and each lot mixed
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with a sufficlent quantity of one of the fats to make it dls-
tinctly olly. The preparations were Inoculated and mixed as
well as possible by means of sterile glass rods.

Series 4. The procedure was exactly the same as for
Series 3 excepting that 1.5 percent peptone solution replaced
the 5.0 percent peptone solutlon.

Series S5« To 16 cce quantities of the respective fats
was added 0«1l cce of sterile 5.0 percent peptone solution, and
the mixtures were emulsified with 4.9 cc. of a 0+5 percent agar
solution. Each medlum was divided equally between two test
tubes hefore sterilizinge.

Series 6. To small volumes of the dried filter paper in
petrl dishes was added enough 1.5 percent peptone to make them
distinetly moist. The moist masses of Filter paper were then
mized thoroughly with small quantities of the respective fatg
and sterilized in the petri dishes.

Nine lipolytic organisms from three genera were used. The _

ldentified organlisms are Ps. fluorescens, Ps. mcildolens, Ps.

fluorescens var. zymogenes and Ae lipolyticum- The unidentified

cultures belong to the genus Serratia.

The date obtained and a summary of them are presented in
Tables ZXITII and XXIIIs, respectively.

The results, considered from the standpoint of the indivi-

dugl fats, show:
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TABLE

The Susceptibillitles of Some Simple Tri-glycerides and Some Natu
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TABLE XXIII
te Natural Fats to Rancidity Through the Action of Lipolytic Bacteria

— Telal LI : TFTal LTI Frial -
| :Culture: efect tCulture: Defect Culture: ec
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TABLE XXIITn
Sumrary of Table XXTIX

T Times *t  Times ! Trigls ¢ Triaels in whioh ¢ Trials in which
Fat used teach fattaach culture% with ot _bacame i B n vy

twas tonah fat? bt Tambes
utber fat 1 6 9 ! 18+ 18 i 100607 0 i 0.0
corn oll : 8 : 8 ; 14 ; 1 ; 742 ; 3 : 21.7
olive ol : 5 8 : 14 i 0+ 00%1 1 + 7.2
tributyrint 4 : 5 1+ 9 1 0 1 001 0 t 0.0
tri-olein : 4 5 § f 0 5 0.0 : 2 : 15.8 .
cheokas on § ; ' ‘ , . ; : , ; 5
all fats ; 6 : o ; 24 E 0 : 0.0 : 1 : 4.2 '
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1. Butter fat. With butter fat rancildity was produced

by eacﬁ of the nine lipolytic bacteria in every instance. The
rancidity developed more slowly in one of the serles with saw-
dust and with the filter paper series than with the liquid
emulsionses The rate of the development of the rancid condi-

‘tion was gbout the same for all the organisms excepting culture

20, Ps. fluorescens var. zymogenes, which was less actiwe than

the other cultures.
2- Corn oil. Rancidity was produced in only one instance
in corn oil, and this occurred in the solid nmixture of sawdust

in‘Series 3, through the action of culture 123, A« lipolyticum.

The same culture produced tallowiness in 2 other trials with

corn oile Culture 41, Ps. mucidolens, produced slight tallowi-

ness in 1 trial and a characteristic musty potato flavor and
odor in 3 trials. Culture 83, a Serratia tvpe, coused tallowiw
ness 1n the sawdust mixture in Serles 5. The other 4 cultures
produced changes in corn oll but, like the other cultures with
the exception of 123, did not cause rancidity in any trial.

3. 0Olive oll. Rancidity was not produced in olive oil
by any of the 8 cultures in the 14 instances- Culture 123,
A. lipolyticum, produced tallowiness in 1 trial and culture 41,

Ps-'mdcidoleng, produced a msty potato flavor and odor in every

trial. The Serratia types, cultures 200 and 83, produced a
distinct odor of lemon extract in olive oil in Series 5 while
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the remaining 4 cultures brought about slight changes but no
rancidity.
4. Tpi-butyrine. Of the 5 cultures inoculated Into media

containing tri-butyrin, only the Serratia types, cultures 200
and 83, nroduced any change, and this ccenrred only in the fat-
agar emulsion (Series 5). The 2 cultures caused a marked de
crease In the characteristlc odor of this simple tri-glyceride.
There was no evidence of growth with the other organisms in any
of the trials. The odor of butyric acid was never detected in
the trials with tri-butyrin.

5. Iri-olelne Rancidity was not produced in tri-oclein by
any of the 5 cultures in the 9 instances. Cultures 123,
Ae. lipolyticum, and 41, Ps. mucidolens, brought about tallowi-

ness in the tri-olein - filter paper medium. Changes were pro-
duced in the other trials by the remaining 3 culbtures used but
rancidity was never detected. -

6+ Checks. The check sample on butter fat in Series 5
developed a tallowy flavor while the other 23 checks remalned
normal during the periods of observatione.

The above summary indicates that ranc idity developed regu-
larly in all the artificial media containing butter fat but that
1t seldom, if ever, developed when the sources of fet were not
butter fat. Tallowiness developed frequently with corn oil as

the source of fat and occasionally with olive oil and tri-olein.
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In general, tri-butyrin was least affected by the organisms
usede The smount of protein (in the form of peptone) present
apparently 4ld not grestly Influence the results but the
looser medla, which presumsbly were more aerated, appeared to
favor the development of tallowinesse

Tanllowiness which developed in the butter fat check in
Serles 5 was not evident in the somples which were inoculated

and therefore did not influence the results obtained.
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DISCUSSION OF RESUITS

The atudy of the susceptlibilities of some simple tri-
glycerides and some natural fats and olls to the development
of rancidity has brought out some very inﬁerestlng facts which
correlate with the results obtained in the other sections-

The cultures used wers chosen because they had rapidly
produced rancidity in butter when inoculated iInto the cresm:
it was therefore assumed, when they produced rancidity in all
the artificisl media containing butter fat, that the media
were capable of supporting growth of the organisms.

In the 1 trial in which slight rancidity was produced in

corn oll, culture 123, A. lipolvticum, was used; thils is the

only one of the cultures studled in Section I which hydrolyzed
tri-palmitine This culture also appeared to be the most ef-
fective in the production of tallowiness in corn oil, olive
01l and tri-olein, espscially in the presence of a large air
supply. Since these fats contain entirely or very largely un-
saturated acids (as tri-glycerides) they probably would have
become rancid were tri-olein of any direct importence in the
production of this defect. It is quite concelvable, however,
that very actively lipolytic organisms under the most favor.

able conditions for growth could bresk down the mixed tri-
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glycerides of the solid fatty acids or oven the acids them.
selves to form substances which might be responsible for a
slightly rancid conditione

Ps. mcidolens rapldly produced rancidlty In the arti-

filclal medla containing butter fat and also in butter and
medium rich cream but not in skimmilk or in artificlal medis
containing com oll or ollive oil. This indicates that in
corn oil and ollve oil, as also in skimmilk, the constituents
which are responsible for rancidlty in butter fat are either
absent or present in very small amounts, and that rancidity is
not likely to occur ordinarlily in these substances as the re-
sult of the action of llpolytic bacteriaes This culture also
grew well In tri-olein but did not cause it to become rancide.

Two Serratia types were used which produced rancidity in
butter fat; these cultures produced the umasual characterigtic
odor of lemon extract in olive oile. They were also the only
cultures that brought sbout changes in tri-butyrine. The fact
that they caused a decrease in the odor of media containing
tri-butyrin apparently cannot be explained on the basis of hye
drolysls unless all the butyric acid volatilized.

The results of the trials with tri-butyrin, regarding its
inhibitory influencs on the growth of bacteria, confirm previous
observations in this investigation and are in sgreement with

the literature reportede.
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A £inel analysls of the results indlecates clearly that
(a) the artificial media used were suitable for the growth of
the organisms providing the dispersed fat was not toxiec to
themy (b) lipolytic bacteria, iIn general, produce rancidity in

butter fat and produce tallowiness or other defects in corn

oll, olive oll and tri-olein under identical environmental con-
ditions and (c) the media which permitted the most accessible

alr supply becams tallowy most readily and most often.
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SUMMARY

1. Lipolytic bacteria inoculated into artificial media
produced rancidity In every instaence with butter fat, once
with corn oil and in no trials with olive oill, tri-olsin or
tri-butyrine

2+ The lipolytlc organism which produced slight rancidi-
ty in corn o1l also hydrolyzed tri-myristin and tri-palmitine.
Tallowiness was the defect which most freguently accompanied
the growth of lipolytic bacteria in corn oil and tri-oleine.

‘3- The lipolytic cgltures produced various defects 1in
olive 01l but rancidity was never evidente. |

4. The constituents of butter fat which are responsible
for the development of rancidity with it are either not present
in tri-olein and in the olls studled, or theilr decomposition
products are present in quantities too smsll to be noticed in
the presence of the oxidatlion products of oleic and closely

related unsaturated acidse
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GENERAL DISCUSSION

The work done with the Nile~blue sulfate technique indi-
cates that it hes an important application in the study of
lipolytic bacteris. A study of the absorption of the Nile-
blue sulfate dye by the fatty aclds showed that caproic and
caprylic acids became blue in the presence of the dye in much
the same manner as olelc acid did. This indicates that Nile-
blue sulfate is not specific for oleic acid as has been pre-
viously reported by some investlgatorse.

A study of the effects, on lipolysis by bacteria, of the
matrients in the medium, the method of dispersing the fat and
the pH of the medium showed that the test gave satisfactory
results within g fairly wide range of conditions. It was evi-
dent, EOWGver, in agresement wlth some of the literature cited,
that a rather alkaline reaction favors lipolysis by bacteris.

The application of the Nile-blue sulfate technique in
determihing the effect of lipolytic bacteris on some simple
tri-.glycerides and some natural fats showed that:

1. The ease of hydrolysis of the simple tri-glycerides of
the saturated fatty acids decreased as the series was ascended.

2. Tri.olein was easily hydrolyzed.ﬁﬁilipolytid bacteria.

3+ The hydrolysis of simple ﬁri-glyceridas has an applica-
tion in the differentiation of lipolytic bacteria since certain
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species hydrolyzed more of the simple tri-glycerides, 1n the
ascent of the series, than did other specles.

4+« The natural fat or oil dispersed in the medium did
not appreciably affect the results of the test since practical-
ly all of the lipolytic organisms that hydrolyzed butter fat
also hydrolyzed the other fats and olls usede.

The 1solation of lipolytic bacterla was easlly carrled

out by the use of the Nile~blue sulfate technique while the

type of resction given by the test was a useful criterion

for the ldentification and classificatlion of these organisms.
This was definitely shown by an examination of more than 5,000
colony growths of lipolytic cultures on Nils-blue sulfate,
beef Infusion agar, in which was dispersed one of many simple
tri-glycerides or natural fats or oils.

The Nile-blue sulfste test was also used in the determina-
tion of the ruumbers of lipolytic bacteria in certain dsiry pro-
ductse Comparisons of the bacterlal counts cbtained on regu-
lar beef infusion ager and on Nile-blue snlfate medium indle-
cated that the Nile-blue dye was often responsible for a lower
count and inhiblted particularly streptocoqcus and micrococcus
types, and spore forming rods; these types, however, were only
slightly, or definitely not, lipolytic. The Nile-blue sul-
fate dye appeared to have very little inhibitory effect on

the gram negatlve non-spore forming rods which were most
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actively lipolytle, and therefore it was consldered sultable
for use in a medium intended for the detection of the num-
bers of lipolytlc bacteria which are of the greatest signifi-
cance in dairy productse

The organisms which ocourred most frequently In sources
about a dalry plant, other than the daliry products, were
types which produced greenish fluorescent colonies on beef
infusion sagar and were considered to belong to the genus
Pgseudomonase The organisms most frequently isolated from

certain dairy products were ldentified as Ps. fragl, A. lipo-

lytioum, Ps. fluorescens with closely related varietiles,

A. connll with closely related types, Pgss. acidiconcoquens,

and mierococcus typess

Following the determinastion of the types of lipolytic bac-
toria and the relationship of these to rancidity in butter, an
ettempt was made to produce rancidity by lipolytic bacteria
in artifio;al media containing one of the following fats:
butter fat, corn oil, olive oll, tri-butyrin and tri-olein.
The results of these trials indicated that llpolytie bacteria
normally produced rancidity in butter fat, very seldom in
corn oil and never in olive oil or tri-olein. The results obe
tained with tri-butyrin indicated thst the growth of most or-
ganisms was inhibited by the concentrations used. It is im-
portant to note, however, that a slight odor of butyric acid
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was observed from the growth of A. lipolyticum cultures on

Nile~blue sulfate agar in which small quantities of tri-buty-
rin were dispersede The hydrolysis of the tri-butyrin was
proved definitely in the above trial by the disappearance of
the fat globules and by the detection of a volatile fatty
acld with molstened litmus papers

In conclusion it should be appreciated that a consider-
able amount of work remains to be done on the detection and
identification of the specific substance which is responsible

for the characteristic odor end flavor of ranecidity.
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GENERAL CONCIUSIONS

1« The Nils-blue sulfate technique is very useful and
has many applications in the study of lipolytic bacteria.

2. The hydrolysia of simple tri-glycerides, dispersed
in Nile-blue sulfate agar, may be used as a criterion in the
identification and the ciassification of lipolytic bacteriae

3« The type of colony and the type of lipolytic action
produced on Nlle-blue sulfate medium are very useful criteris
in the grouping of lipolytlc bacteria.

4Q The numbers of actively lipolytic bacteria in dairy
products are convenlently determined by the Nile-blue sulfate
technigque.

5« The numbers of weakly lipolytic bacteria, including
mlorococeus and streptococcus types, and spors forming rods
are not very accurately dstermined by this method since the
Nile<blue sulfate dye has an inhibitory effect on these or=
ganlismge

6+ There are considerable rumbers of lipolytiec bacteria
in average fresh milk and cream but not in ageptically drawn
milke

7. Larger rumbers of lipolytic bscteria are found in
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unsalted then in salted butter.
8. The lipolytic bacteria most commonly isolated from
dairy equipment, wash water and otheor materials, and fram

cortain dairy products, are Pseudomonas fluorescens, Pseudo-

po—

monas fragl, Achromobacter lipolytiocum, Achromobacter Connii 7
. /

and micrococous types.

9« The actively lipolytic bacteria studled do not
tolerate more than 1.0 percent =alt in butter of average com-
positione.

10« Miorococol are more salt tolerant than the more ac-
tively lipolytic tynes of bacteria.

1l. Hore ravid inoresses of lipolytic bacteris are shown
in surface than in sub-surface portions of buttere

12. A gtrongly rancid condition in butter causes de-
creases In the mumbers of lipolytic bacteria.

13. Rancidity 4s a defect which is specific for butter
fat and which 1s rarely produced by lipolytic bacteris in
other fats and o0ils and never in tri-olain. | |

14+ Tri-butyrin and butyric scid in very small concen-
trations inhibit bacterial growthe.
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