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INTRODUCTION

The etudy of fat hydrolysils by misroorgeniems has been
grastly stimulated by the introduction of the nile blue sulfnte
teohnie, Although the technic, gs ordinardly emnloyed, nosees-
ses a oertaln disadvantage due Lo the toxiclty of the dye, 1t
is neverthelees very useful because of its simnlicity snd the
olearness of the rerction obtnined. Using this nrocedure in-
vestigators st the'xswa Agricultural Exheriment Strtlion have
ghown thet f£at 1ls attacked by verious grouns of orpganismes found
in milk, With certasin of these organisme, for exsmole

Pgeudomonas fragl, fat hydrolyesls iz an outstanding charscter-

1stio while with others, such ag Alcgallisenes vligcogus, the

hydrolysis of fat 1e 2 1ittle known charactsrigtic and the
orgsnism 1s best known for the nroduction of roniness in enrtain
dziry oroducta, ‘

It anpears that the aplllity of an organism to Aydrolyze
tedh 18 on imvortant charcoter and, in the future, will be cone
sildsred along with the other blochemiczl feantures in nrepsring
deserintions of gnsoleg, The need for simmle and relisble
methods of determlining linolyslas 1is therefore apmarent, It is
also evident that the various methodes of detecting linolysle
may not be ecuslly useful for diffsrent nurnoses,

In the course of the wressnt lnvestigation meny lindlytle
eultures have been isolsted, Certain of these have slrsrcdy

been degeribed ore or less comnletely, while others anmnarently
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have never been studlied, It lg evident thet, to thes dniry
becteriologliet, adeguate dezcrintions of the organlsms bringing
about changes in the fat of dslry »nroducts sre gg-entisl 1f
nrogrees 18 to be nade In understsnéing and eliminating these
changes,
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STATEMINT OF PROBLEM

The purposes of the nregent investigetlion were:

1. To consider » number of the methoda used for the
investigation of bacterial linelysis,

2. To isolnte and study a number of linolytic micro-
orgsnisms commonly found in dsiry ~roducte,

3. To nrepare adegunte descrintions of certein of the
1igoly£ic mleroorganisms found in order to 2id in thelr
ldentifioation,

4, 'To determine the effsct of nure culturaes of cere-

taln lipolytie organlems on wvarious delry nroducta.
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METHODS

Detestion of Bseterial Linolysie

The Nile Blue Sulfate Technie

The method used for the nile blue sulfste technic differed
slightly from that prenosed by Hammor and Colling (15). Beef
infusion agar adjusted to s oH df 6.8 was used throughout,
Before pouring the sgar 0.5 ml, of 2 sterile emulelon of 2 nar
oent cottongeed oll in 0.5 ner cent agar was added to esch
plate, A sterile agueous solution of the dye wae added to the
melted azgar in & sufflclent quantlity to :slve ¢ Tinal soncentira-
tion of 1 nart dye to 10,000 »narts of sgar, Generslly thls was
gocomylighed by adding 5 ml. of a 1 to 500 solution of the dye
to 95 ml, of the melied =gar, The medlum used will be referred
1o &8s the nile blue sulfate medium and the technie as the nile
blue sulfete technlc.

The Hodifled Hile Blue Sulfate Technie

The modified nile blue sulfzte technlc was osrrlied out secoord-
ing to the nrosedurs outlined by lLong and Hemmer (19)., Before
pouring with beef infusion agar, 0.5 ml, of a sterile emulsion
of 2 ver gent cottongesd oll or other fat in 0,5 ner cent sger
wag sdded per nlate, After incubation the nlates were flooded
for 30 minutes with 2 1 to 1,500 agueous golutlon of nile blue
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sulfate and then rinsed with disgtilled wsiter, Linolysis was
indloated by 2 change in apnearance of the fat globules: those
in the vieinity of linolytiec colonles were stained blue and
those at a distance were stalned olnk,

The Simnle Tripglycerlde Technio

The general nrocedure outlined by Anderson {l) was used
farfthe simnle triglyceride technle., However, in order to obtaln
proper dispersion of the triglycerides in the medium, smulslons
of them were nrepared, A satisfectory method wes to add 0.5
ml, of mn emulglon of 3 t6 4 per cent of tripropionin or
tributyrin in 0.5 per cent ngar %o each nlste bhefore nouring
¥ith beef infuslion agar. A dlssonearsnge of the globules in the

vioinlty of a coleony was consldered evidenoce of hydrolysis.

The Natursl Fat Technile

- The natural fat technie consisted of the adcition of Q.5
ml, of a sterile emulnion of 2 ner cent gottonseo=d oil or butter
f=t in 0,5 ner eent agar %0 erch »late bafore nouring with beef
infusion sgar, Hydrolysis of the fat was indleated bé the
globules becoming whiter and more 5waqué in the wvicinlty of

linolytic mlorporganisms.



The total 2né linolytlc eounts were recorded on the bagls
of the numbsr of miervorganimms ner milliliter, In many ongeg
it was neceseary %o refer to the number of 119@13%1@ organiams
in a2 samnle as less than a certaln number nsr milliliter. This
may indleate elither that there were none present or that the
proportion of lipolytic organlisme to the total number of organlisms
present in the gamnle was small and the lipolytic bacteria were
congeguently diluted out in the plates suitzble for examins-
tion, Frequently, however, s lower dilution than thst used for
the totsl count ¢an be used for the linolytic count and quite
satlgfactory results can be obtained, Oeccasionally in a com-
paratively large sres where the fat globules ars all hydrolyzed
1t msy be difficult to detect whether the linolysls was oruged

by one or several oolonles.

Tyve of Lipolysis
The type of linolyeis was studled using the o»rocedure

sugzected by Collins and Hammer (8), Uninoculsted nlates were
prenared with the nile blue sulfate technic, After the ager

had golidified and the surface had become relatively dry, spob
inoculationsg were made with the nure cultures to be investigated.
The plates were held 2t 21° €, and examined after warious nerilods

for “comnlete® or *incomplete® 1lipolysis, the term comnlete
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indieating that all of the 2% ;lobules below the baotarial
growth hed beesn hydrolyzed and the term incomplate indleatlng
that only s »art of the globules beneath the growth had been
attacked, Obeervatlons on the nresense of a readily diffusible
livolytic enzyme were slso mede; these &are bnoed on whether or
not the zone of linolysis extended for a oonsidersble diétanoe
from the colony. Cottongeed oil was used throughout the study
for the finasl determination of the livolytlo abilities of the

varisus oultures lsolated,

Hydrolysis of the Simnle Triglycerides ghhgr than
Trinrovionin ané Tributyrin

The ability of the cultures to hydrclyze the simole tri-
glyeerides, other then tripronionin and tributyrin, was doter-
mined as followa: a small quantity of the triglyceride to be
tected wag added to s tube:cr agar containing nile blue sulfote
in the nreoportion of 1 to 10,000 and the tube weneg sgltated vige-
arously to nroperly dlsnerse the comnound, The nmixture was
then poursd into e netri dish snd allowed to asolldify, After
the agar was 4ry the ocultures were épotted on 1t; followlng
incubation the plates were exsmined, Hydrolysis was indigcsted
by & change in the color of the triglyceride.

Action of the Cultures on Butter

In ztudying the action of an orgrnlsm on butter asweet creanm
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wan pasteuriged st 82° O, for 15 minutes, cooled, and nlaced in
sterile one quart glaSS Jars in eporoximstely one nint amounts;}
the oresm was then inoculated with a youns litmue milk culture of the
orgenism L0 be tested and churned, The butier was worked,
using sterile eculpment, snd stored in sterile containers st
21¢ ¢, withoui the addition of selt, In some inastencee portions

of the bubter were algo stored at sonroximstely 5° ¢,

Production of Acetylmethylesrbinol Plug Diacetyl

The acetylmethylosrbinosl »nlus dlereetyl was determined in
skim milk eultures geeordiﬁs to the »nrocedure followed by
Michaellan and Hsmmer (20)

Volstile Acldity

The volntile acldliy wss studled using the nrocedure oute

lined by Michsellan and Hammer (20},

Tects Uged ;a,ngggr&qgﬁﬁgggxin%&gng"ef e Qrgasnigm

The nroductlion of 1lndol, reductlon of nitrates, fermentatlen
of carbohydrates and hydrolysis of starch were determined with
the methods outlined by the Committee on Bacteriologlezl Tech-
nic of the Soclety of American Basoterlologists {9), The ability
of the sultures {0 liquefly gelatin wag studlied with 2 10 ner

eent nutrient gelatin, The nroductlion of hydrogen sulvhide wzs
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determined with the technle nrovosed by Levine st sl (18).,

The Voges Progksuer and methyl red lests were osrried sut
on s medium of the following comnositiont glueoss 0,5 ner cent,
orotesge neptone (Difco) 0.5 ner pent and dlbasic notas-lum
vhoephote 0.5 ner cent, The crectine modification was used in
testing for scetylmethylesrbinol. A emall amount of oreatine
and 5 ml, of a 40 ner cent solution of sodlum hydroxide was added
%0 anproximately 5 ml, of the medium, A red coloration ;ndiuataﬁ
s positive resction, The methyl red solution was nrenared hy
adding 0.1 zm, of methyl red to 300 ml, of 95 ner cent alcohol
snd diluting with weter to 500 ml, Five drons of thls solution
wore added to 5 ml. of medlum, A red coloration indionteld a
positive test and a yellow one s negatlive test,

Hemolyslis was studied by strsaking or spotting cultures on
plates »repared by adding 0.5 nl, of deflbrinzted sheen blood
per plate before pouring with beef infuslon agar,
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EXPTRIMENTAL
SxCTION I, OBSERVATIONS ON THE KETHODS USED FOR THE
DETEGTION OF BACTYRIAL LIPOLYSIS :
Various methods hove boennt employed for the study of bsecterial
linolysis, The generai technlies followed were reviewad by Collins

and Hamner {(7) in 1934, Seetion I desls with the »rocedures thst

have been most widely employed in recent investigations.

The Nile Blue Sulfate Technio

. The nile tlue sulfste technic consists ggsentieslly of ad-
ding nile blue sulfote and some netural 2%, such as cottonseed
o1l or butter fzt, to sger that is used for nouring plstes or
that is inoculsted siter sollidifiention, Fat globules zt &
distanee from lipolytlic colenles are stained nink while those
in the viecinity of lipolytie colonles are gtalneé blue, The
procedure employed in this study 1s‘esnen§1a11y that of Hamner
and Collins {15) with 2 few modifications.®* The nile blue
gulfate technic ls simole snd the resulis sre easlly read, There
is no difflculty in detweting the difference in coler when a
fat globule is hydrolyrzed, since the globules change from a
distinet‘aink 0 & distinet blue, The medium is well adsnted
%0 the 1lsolstion of lipolytlce colonies as the dye is added to the

*#The detalle of the progedure used are glven in the "Hethoda",
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poay ab the tine of »nlating snd the nieking of desired organisnmg
is not comsliceted by flooding the nlates, The orimsry dlgsed-
vantage of the technic i1g that certsin orgenlsme, egnscinlly
cocel, are inhibited by the dye, However, 1t anvears that ococel
are not ebtrongly lipolytie and do not often cauce rancidity in
dairy nro&uats. IZ thir 1g true the inhlbitory actlon of the
dye may be sn sdvantage, due to the faet that the medium hna

2 seleotive amection, Thus, in certain instancegz, the 1solstion
of fat hydrolyzing sultures is nmade nossible vhen the lipolytie
organisms sre present in snrall munberc as oowmared to the totsl

organisns,

Effect of the Temneraturs of Inecubation on the Totnl
and. Linolytic Counts Obtained on the Nile Blue
Sulfate Hedlum

The effect of the temperature of lnoubstlon on the toial
and lipolytic counts obkained on the nile blue aulfgte—nedium
wes investigated by n»nleting, in dunlicats, samnles of ths milk
supnlied to Jowa Htate College by verious oroducers, One get
of nlates wes incubated st 21° G, for 4 days snd the other st
27* ¢, for 2 days, The results obtalned are glven in tsble I,

| In general there was a tendeney %o obialn sonswh~at higher

total counts after 2 days at 37° C. than aftsr 4 days st 21° C,
In the 48 trials, the hipgher total count was obtained in 28
at 37° O, and in 19 at 21° C, while in 1 trial the counts
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TABLE I

EFFSCT OF TRHPERATURE OF INCUBATION ON THE TOTAL AND LIPOIYTIC
COUNTS OBTAINEZD ON HILZ BLUE SULFATE MUTDIVH

% days at

: Lerl :wr 3l , Bo : ‘

: Tots F pmaw @gg % Qg;xg 33
1 7,000 100 11,100 100
2 4,600 200 12,500 < 100
3 14,000 < 1,000% 18,000 < 1,000
4 2,100 < l0¢ 2,400 < 100
5 3.4,'21:)0 < 1,000% 23,000 < 1,000%
& 7,200 < 100 8,900 < 100
7 17,000 < 1,000 37,000 < 1,000
8 21,000 1,000 24,000 < 1,000
9 26,000 200 23%,000 < 1,000
10 32,000 200 10,000 < 1,000*
11 72,000 < 1,000 76,800 < 1,000
12 100 500 < 100
13 5,800 < 100 6,500 < 100
14 400 < 100 1,500 < 100
15 9,000 < 100 1,000 < 100
16 100 < 100 400 < 100
17 500 < 100 35,800 200
18 1,100 < 100 1,800 < 100
19 1,100 < 100 24,000 < 1,000
20 2,400 < 100 5,200 < 100
21 600 < 100 < 100 < 100
22 360,000 <10,000 311,000 < 1,000
23 5,000 100 58,000 100
24 309,000 < 1,000 340,000 < 10,000
25 49,000 200 34,000 < 1,000
26 109,000 300 110,000 < 1,000
27 16,000 < 1,000% 34,600 < 100
28 784,000 300 411,000 < 1,000
29 51,000 1,000 45,000 < 1,000
30 27,000 100 18,000 100
31 8,600 8,000 200 < 100
32 32,000 23,000 4,800 300
33 5,200 200 4,900 < 100
34 3,700 < 100 600 < 100
35 2,600 < 100 3,100 < 100
36 800 < 100 5CC < 100
37 1,000 < 160 5,800 < 100
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TARLE I oontinued

Samnle;

No, :

28 100 < 100 400 < 100
39 230,000 60,000 320,000 10,000
40 114,000 4,000 205,000 14,000
41 376,000 5,000 560,0ﬂ0 2,000
42 197,000 < 1,000 180,000 < 1,000
43 5,000 < 100 3 lon 100
44 2,100 < 100 2,600 600
45 5,200 < 100 le,aco < 1,000%
46 35,000 500 28,000 100
47 70,000 T 4000 29 660 100

48 1,100 < 0 ,wo < 100

#In a few instanees, due to the »regence of spreaders or to the
f20t that plates =ere unsultsble for linolytic countsg, higher
dilutions were used in determining the lipelytie count than
were used in determining the total count,
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obteined at the two temneraturss were sounl, However, Gefinlte
differences 1n the totel counts obialned on the nile blue sulf-te
medium st the two temperstures were infreguent. 1In genersl,
linolytic counts wers low at elther temperature, Thers wns n
tendency, however, to obtsin somewhet higher counts when the
nlates were incubated =%t 21° €, than when they were ilncubated st
379 G, Ag the nile blue gulf-te technlc ls intended nrimarily
for the study of linolysis the drta indliceate that the lower

incubsation tennersture should be used,

The Hodified Hile Blus Sulfate Technie

As stoted nreviously the nile blue sulfate technic is very
satisfactory for certeln organims but for others {notdbly coccl)
1t ig definitely inhibltory. For the latter tynez some other
method or some modifleation of the nille blus sulfste technlo is
desireble 1f total counts are to be made, Long snd Hammer (19)
proposed s modification of the nile blue sulfste technic which
avolidsd inhibitlon of growih due to actlon of the dye. The
organisme are grown on nlestes contsining dlanersed cottonssed
o1l or butter fat and, aftor incubating 5 days »t 21° G,, the
nlates are flooded for 30 minutes with an agqueous sslution of
nile blus sulfate of an anvroximnte strength of 1 to 1,500.
They sre then rinszed with digtilled water ond observed for

livolyeis. The nrooedure is escentlally the ssme as that used
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by Berry {3) =and firet prononsd by Oarnot and Mauban (5), exaent
thrt nile blue sulfste solutlion is used ag sn indlentor instend
of = gaturated agueous solution of eepﬂér sulf~te,

4 study wes nede of the commarstive countsa aﬁtain@& with the
nile blue sulfsate technlo snd the modifled technic asg nronosed
by Long and Hamuer (19). The milk supplied to Iowe Stste College
by various vroducers was nvlated et lntervaels extending over a
period of spnroximately 2 nmonths, In 21l 1nstences the nlates
ware incubatad at 21° (., for 5 days. The dats are given in
table IX,

The results indieals thet nile blue sulfzte had a declded
effect on the totsl counts, In all of the 58 trials the totnl
counts obtalned with the modified teéchnic were considersably
hizher then those obtained with the technlc ss ordinarily ewm.
ployed, As was the erse with the totel eounta, the linolytic
eounts obbtained were =lso myeh higher with the modifiled nile
blue sulfate technle, In only one inastanee out of 55 triasle with
which commariconn were nosalble was 2 higher lipolytic count
obtained with the nile blue sulfate medlium,

The results obbalned indleate thel the modified nile blue
sulfrte technle isg relatively satisfactory snd thst its use
will result in a more moourate eatinmste of the number of
lipolytic organlamsg nregent in'a samnle, The modified technic
zives a much higher total count and 1linolytic count than the
technic involving the addition of nlle blue sulfzte to the agar
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TABLE IX

A COHPARISON CF THE TOTAL AND LIPOLYTIC COUNTS OBTAINED WITH THE
HILE BLUE SULFATE TECHMIC AND THZ HODIFIED
RILE BLUE SULFATE
TECHNIG

i
v fou fow wo s B
el

10 < 100 < 100
11 100 < 100
12 200 < i¢o
13 100 < 100
14 200 <160
15 < 100 < 100
16 100 < 100
17 6,800 200
18 < 16& < 100
19 < 100 100
20 400 100
21 - 200 < 100
22 1,600 < 100
2% 700 < 100
24 T00 < 100
25 < 100 < 100
26 500 < 100
27 %36,000 24,000
28 600 - < 100
29 800 < 100
30 300 < 100
31 500 500
32 400 < 100
33 < 300 < 100

4,100 < 10¢
35 18 500 < 100




D2

TABLE II contimyed

3
8ample: HNile blue sulfste technlo
Ho,

Hodified nile hlue gulfnte
tochnl

low Jae fed on aw

: ‘ﬁgﬂwgrig Der mi, decteria ner mli.
: Linolytie ot2l s Linolytio

36 200 < 100 132,000 2,000
=7 < 100 < 100 91,000 2,000
38 2,400 < 100 116,000 5,000
39 71,000 15,000 810,000 40,000
40 15,700 200 590 000 10,000
41 32,000 11,000 9 260,900' 400,000
42 1,200 < 100 .790 00 50,000
43 500 400 340,000 26,000
&4 < 100 < 100 180 000 < 1,060
45 < 100 < 100 250, ! 000 <10,000
46 4,000 100 959,600 30,000
AT 1,728,000 2,980,000

48 300 100 84,000 5,000
49 4,600 < 100 67,000 < 1,000
50 500 100 29,000 1,000
51 500 < 100 142,000 6,000
52 1,000 500 @5 000 40,000
53 1,400 200 2 3}90 000 400,000
54 23,000 4,000 1,410,000 60,000
55 300 100 130,000 1,000
56 - 1,200 500 240,000 4,000
57 300 < 100 109 000 1,000
58 600 < 100 111,000 < 1,000

*53pe note table I,
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£t the time of plating. However, the floodini of wlates after
ineubstion 1g a dlsadvantage in that it comnllceates the nicking
of lipolytic colonies. Thie dlsadvaentagse may be overocome by
several replstings of the oolonies picked from nlates flooded
with the dye or by »nouring » gecond set of nlstes %o be used

for purnoses of isol=tlon,

The 3imnle Tripglyceride Technig

The simole triglyceride technic oonsists of the addition
of trinronionin or tributyrin to ager used for growing orgenlsnms
and the det=otion of linolysis by a dissnnenrsncs of the cone
pound, The nethod devends on the frot that the nrodusts of
hydroalysis of thaege triglyesridea are ag>luble in the ngar and
thus a ¢lesr zone 1g nroduced in tho vielniiy of linolytie
eolonies, This “roeesdure, using tribubtyrin, was nroposed by
Anderson (1) as a nesns of detecting linolytie bacteria, It
should be noted that, due to the solubllity of the comnound,
triscetin sannot dbe ugéd in the technic and a2lso theat simnle
triglycerides higher in the gerles thsn tributyrin cannot be
emmloyed due to ths faet that, in the event of hydrolysie,the
fatty acids freed are only slightly soluble in the nger,
Bacentially the samse nrocedure was used by felline and Hammer
{(7) in 2 study of the asoction of sertzin bacterin, most of which

were linolytie, on some simple triglycerides but the nethod wre
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not advoested ns r snlbtnble one for the deteotion of linolyels,
These investigstors found that tripronionin wes the most easily
hydrolyzed of all the triglyoerides studied and that hydrolysis
of the simnle triglycerides of the satursted f=t'y aclds was
mare difficult ag the moleculsr welght of the selds incrensed,
Triclein was hydrolyzed falrly eselly.

While there lg no daubt‘that baoterina eanrble of hydrolyzing
nrbural faots will nroduce s clernr zone around the colonieg vhen
inoculated on a nlate containing dispersed globules of either
trioronlonin or tributyrin, there is strong evidence that oerw
taln organlisms comnoniy regarded ase non-linolytic will also bring
sbout the same resction., Long snd Hemmer (17), in a study
of dtrentocoocus licuefacliens, noted that certsin of their
cultures hydrolyzed trivronionin, tribulyrin or both but pave
no evidence of attacklng either cottongesd oll or butter fat
when tested by the :..0diried nile blue sulfste technie., They
socordingly regard 3, liousefacleng as non-llipolytie,

Paotors Affeetling the Resuits Obtsined in Using the
Simple Triglyceride Technle
In =tudying the adbllity of certain organisms to hyérolyze
trinronionin and tributyrin, a lsck of uniformity in the ro-
sults was exnerienced, Occaslionally a culiture would not give
identiocal resultes on a triglyceride in different trizls and

the extent of hydrolyslis often varled, Obgervations were made
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on the eaunese of these irresulrrities sand the following factors

gere oconeldered 10 e of imnaortancel

THY FYPE OF “EDIUM UaszD,

Unlegs the nmediunm emmloyed was one sumorting maximum srowth
of the orgenism ond cllowlng en amnle onnortunity to sct on the
trislyceride tested, ths results obbelned were sometines indef-

inite,

=3
o

¥

Hi BIZE AHD DISTRIBUTIOH OF THE TRIGCLYCERIDE GIOBULHES IN
HE HEDIUM,

%

It was noted thet when the dlanersed globules wera too
large and were unevenly dlgtributed hydrslysis by eertein cul-
tureg could not be deteoted, YWith a fine 2nd even disuersion
of the triglyceridesz in agnr, the same culturses would readily
cruge the disgnnpesrance of the plobules, This wasg evidently
due %o the faoct thrt wlth the large globules the hydrolysis

wag insufficient to csuge them Lo dlgammesy.

THE DEPTH OF THE A0AR IH THE PLATHE,

It was found essentlial to 1limlt the thickness of the apgsr
in the nlates in order to frellitste detsotion of linelyseis,
Gven though an orgenlsm dld hydrolyze n nortlon of the globules
surprounding the colony, it wags often imnossible to determine thils
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bessuse hydrolysis of the trislycerlde d1é not extend through
the thickness of the scar to the bottom of the layer,
Accordimngzly the thinest »noseible layer thet would not dry

out durlngg the nerind of incubation wan emnloyed,

THE sUSQCTPTIBILITY OF THE INDIVIDUAL CULTUR -9 TG THE PRODUCTS
OF HYDROLYsIS,

wertain cultures of 2 glven snecles amvmanred 10 show a
relatively slight growth on the plates contelning 2 triglyeceride,
It is congelv.ble that these cultures hydrolyzed the triclyceride
as they begrn to develon and being legs resistant to the »nroduots
of hydrolysis, thelr growth was sto med befére that of other

gultures that were noit so suscentible,

THE TEHPLZRATURE OF INCUBATION,

The temwerature of lncubstlon was considered to be of
immortanee in thet any ecld freed would likely be more toxic at
a higher temnersture that at 2 low one., Thersfors s low temnere-
ture and long »eriod of incubation were used in order to ive

the culturss meximum onmortunity to aot on the triglycerides,

Astion of #trentocoacus lsotis on Trinronionin
aad Pributyrin

In oréder Lo obtain more information on the simnle tri-

glyceride technic as a method for studying bactorinl linolysis
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the action of 32 8, lectls oulturea of various orlrins on
cottongeed oil, trinronionin and tributyrin was lnvestlgated,
The cultures were first tocted by the rmodifiled nile blue sulf-te
technic for their abllity to hydrolyze cottongecd oil, As was
exnected none of them gave any evidence of atiaoking the fsi,
Each of the 352 oultures was then exasmlned for lis sblllty to
hydrolyze trivrovninonin snd tributyrin by spotting on nlates
prepared accordinz to the ovrosedure described under "Hethods®,
The plates were incubated 6 days at 21% , and exsmined for evi-
dence of hydrelysls, The data nare nreasented in teble III,

The results show that trioropionin wes enslly hydrolyzed
by 8, lsotis, only two of the 32 cultures emnloyed falling to
attack the compound, Fourtesn of the culturss brought 2bout
hydrolysis of a2ll of the globules below the colonies and 15
hydrolyzed s nart of them, one sulture nroduced ouestionable
hydrolyels below the colony while two did not show sny indiestion
of attacking triproplonin, Twenty-nlne of the culturss showed
hydrolysle around the celonles, one was cuestionable in this
regnect and two gave negatlve results,

Tributyrin apnecared to be less easlly hydrolyzed by
3. iactls than triprovnlionin.O0f the 32 cultures, slx hydroly:zed
all of the globules below the coolonies, 12 hydrolyzed a nart of
then, five brought sbout guestioneble hydrolysis and nine gave
no evldenoe of attecking tributyrin, Fifteen cultures formed a

small Zone of hydrolysis sround the colonieces, two were questlon-



ACTION OF STREPTQOCUCUS LACTIE ON TRIPROPIGHIN AND TRIBUTYRIN

TABLZ IIX

guestlonable

Inoonmplete
Ingcomnlote
Complete
fomnlete
Comnlets
Hegatlive
Comnlete
Regative
Gomplete
Incomplete
Comnlete
Ineomplete
Comnlete
Comnlete
Ingommlate
Comnlete
Incemplete
Incomnlete
Incomnlete
Comnlete
Incomplete
Gomnlete
Incomnlete
Complete
Incompleto
Comnlete
Incomplete
Incomnlete
Incomnlete
Incomplete
Complete

guestionable

Poattive
Poultive
Poaltive
Pasltlive
Porsltive
Negative
Posgitive
Neprtlive
Pogitlive
Positive
Posltive
Positive
Positive
Pogitlive
Posltive
Positive
Poritive
Poalilve
Positive
Positive
Poagitive
Pogltive
Poesitive
Positive
Positive
Positive
Poaltive
Positive
Positive
Poglitive
Positive

[
.
*
»
*

Negatlive

mestlonable

Hegatlve
Connlete
Comnlete
Gomnlete
Incomplete
Comnlete
Incomplete
Comnlets

tuestlionable

Incomnlete
Incommlets
Incomnlete
Incompleate

tuestionable
fuestionable

Hegntive
Inoomnlete
Incomplete
Incomplete
Incomnliste
Negntlive
Innomnlete
Negative
Incomplete
Comnlete
Hegatlive
Hegative
Hegative
Hegatlive

guestionnble

Hegative
Hegstlve
Hegative
Poslitive
Porlitive
Pogitive
Positive
Pogltlive

Qnestianable

Positive

fuegtionable

Positive
Positive
Positive
Posltlive
Hepstlve
Negative
Hegntive
Pogitive
Poslitlive
Hegntive
Hegatlve
Hegative
Poslitive
Hogative
Poslitive
Positive
Hegative
Hegative
Negetlve
Hegative
Hegative
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able in this rospect and 1% wers negative,

The date reported indlestes (a) the technic emnloving tri-
butyrin as a test for linolysis is not a relisble one and (b) the
agsumntion an orgenism hydrolyzing tributyrin will 2l1so hydrolyze
butter feot or cottonseed oil is erroneous, The results are in
sgreement with the work of Long snd Hammer (19) who found thst
the ablility of 3. licuefscieng to hydrolyze tripronionin and

tributyrin was not accommanied by sn abliity to hydrolyze the
natursl fats, It 1s aleo in agreement with the observsation of
Collins (6) who found thst ceriain bsoterisl cultures could
hydrolyze trinropionin and tributyrin but not butter fst., It
agreeg vith his conclusion that trioronieonin cannot be used for
the deteotion of definitely lipolytie bacteria but does not
support hisg concluslion that tributyrin oan be used for the
geparation of 1ipolytic and non-llpolytic cultures.

The Naturel Fat Technie

The natural fat technle conslsts of the sddition of emulal-
fied cottonseesd o0il Lo egsr and the dsetectlion of linelysis by a
change in the spvesrsnce of the fat plobulea, During a commari-
son of the nile blue gulfste method and the modlfled method 1t
wee noted thet around certsnin eolonies on the nlates containing
frt, but no dye, the slobules of fat were dlatinetly different
in apvearance than those st a dletance from the colonies, The

globules that differed were whiter, more opaque and anneared to
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heve been changed 1ln some manner by the setion of the broteris,
It was thought that in the “roocess of hydrolysis fatty smoids of
s relatively high moleculsr welght were fres=dé snd, belng solld
at room tempersture and insoluble in the agsr, remsined in the
f=zt globule and changed 1its anvesranse, ” Accordingly, after
flooding wlth nile blue sulfate, these areasg were noted especially
for lipolysis, It was found that when the globules having an
opague apnearsnce were stsined they wers distinctly blue, indl-
cating that the fab had been hydrolyzed, This suggested thot the
apnenrsenge of the hyéﬁnlyzed fat globules might be uged ag o
test for linolysis, Tschnics involving the addition of natural
fet Lo agar have been nropoged by earlier investigeotors (4, 11,
22) but in sll ocmees & olearing of & zone aro:nd linolytie
golonies was rellied upon as a Lest for hydrolysis,

In order to test the nmethod of using s dispersed f2t bul no
indieator in the ssar, 5% pure oculturses thet were known to be
1inolytic were snotted on nlates contalning dlspergsed cotton~
secd oll z2nd also on plaaéa contalning dilgnersed dbutter f=t,

The nlates were incubated for 5 days at 21° ¢, and ezamined with
g 6 X binoc:lar for lipolysis as evidenced by a chznge in
spnearanse of the fat globules. Examination of the nlstes con-
taining dispersed butter f=t was found to be greatly facili-
tated by werming them in o 45% ¢, Incubstor jJust before the
obgervatlions wers mede, Thie ls due to the frot that st room

temnerature butter fat 1s solid and rnther onacue in apnecrance.
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The 54 linolytic cultures emnloyed hydrolyzed cottonsgeed
0ll when tested by the nostursl fat method, The rssulis obteined
by uze of this method were in closze agreenment with those obtained
when the nile blue sulfate technlie was emnloyed. Vhen 4iffersnces
were observed they were only in the extent of linolysis and it
is entirely possible thet such differences would be found if the
same method wns emoloyed in several trislg, With butter faob
dlagpersed in the agar in nlace of cottonseed o0il the resulis
obtained pareed clogely with thoge obtalned on cottonsgeed olil:
in no ingtance did a culture fall to show lipolysis,

During the routine plating of 48 samnles of butter, = com-
" narison was made between the lipolytic counts obtsined by the
natural fat technioc and by the modlfied nile blue sulfste tech-
nie, At the time of »lsting 0.5 ml, of 2 2 ner esnt cottonsesd
031l emulslion in 0.5 ver cent agar wes added ner nlate, At the
end of the incubatlion neriod the unstained plgtes wore examined
for livolytic bacteris, The platea were then'flooéea with = 1
0 1,500 acusous solution of nile blue sulfste for 30 minut=aa,
ringed with dietilied water and a-sin exsmined for linslytic
colonlies, With 42 of the samples no lipolytle colonles vere
obaserved, With 5 of the gamnleg the reosults -obtalned by the two
methodg were in exact agreement: these samnles included one thet
conteined lipolytie molds bubt no lipolytlc baeterlia, The lowest
dllution poured on the remeining eample contained a weskly
linolytic colony that was miaved when the nlate wne examined
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before flooding with nile blue guliste, The natural fat nethod
worked very aell‘with stronzly linolytic bacterial culturss and
particularly well with sctively livolytle molds, Ag the lipolytie
ability of s culture decreased the deteotlon of fat hydrolysis
by thigz technic beeame more difflcult,

Ths data cbteined indicste that for the isolation of organ-
isms inhibited by nile blue sulfate the natural =zt technic may
be useful, The nmeihod does not involve flooding the nlates with
a dye and the plecking of linolytio colan;es is thus simplified,
8ince there ls no =mterinl »resent to inhlbit growth of the
microorganisms 1t ig noscible to obtain a total count as well
ag a lipolytic count on one eet of plster, Observatlons have
shown, however, that by use of the natural fat teghnic 1t nay
be diffioult or even immogsible to detect weakly linolytie
solonies, In addition, if linolytie mlierocorganisme are nresent
in small numbers, as comnared to the total numberes, it 1s noe-ible
thay may be d&iluted out in the nlates uased for total ecounta,

Iﬁ thip osse 1t ls often nractioal to use r lower dilution for

the lipolytlic count then 1leg uged for the total count,

SEOPTION II. DISTRIDUTION OF LIPOLYTI(O HICROORGAUISHS
I DAIRY PRODUCTS
The work of varlous investlgators hes indilcatrd that many
speoles of baoteria »Hossess the nover of hydrolyzing fat,

Qertain of these, such as Serraiias morceseens, have long been

rocognized as fot hydrolyzeres but are not imnortant in d=iry
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products, due to thelr infresguent occurrence, Other linolyile
organlsns not as well known sare encountered -ore or legs reiu-

larly. An exemle of the latter groun 1g Pgeudomonasg Lrnpl

which spnears o be widely dlstributed and which ls often the
ceuce of dsfoots An verius dalry vroducts. Since msny enecles
of microorgenisms ere known to be linolytie,cultures esnable of
hydrolyzing fat would be exnected t0 be nregent in various
naterisleg, Btudleg on the ieolation of these tynes indloate that
this 18 true, Iipolytlc specleg have been 1solated from a variety
of dailry nroducte, toth normal and sbnormel, and have also
been leolated from other sources, Although linolytic orgenignms
are 4istributed widely in dairy nroducte, in many instsncss they
are nresgent in relstively smell numbers, As noted in the nrevious
segtlion the lipolytle count on s wnarticulsr samnle is often
rather low in eomparison tg the total count snd, me 2 conseguence,
the 1lip.lytic orgenlisme are diluted out in the »letes sultable
for eounting. In order to detect these tynes verious meang. may
be employed, suoh as enrichment through the incubntion of the
gommle st » low temersture or the use of a geleotive medium
-uch ae nile blue sulfste.

Durige the nlsting of numerous gsammles of dniry »roducts
and s considerable nunber of speclimens of various other mnterlals
meny cultursz of lipolytic orgenlmmg heve besn obtained, Host
of these were picked from nlates nrepared with the nile blue

sulfete tachnic while s portion of them were plcked from plrtes



nrepared with the natural fat techuic., In addition a number of
the linolytie cultures lsol-ted were obtzlinad from nlates prenar-
ed for some other nurvposc than studylng linolytic baot:=rla; the
abllity of thege eultures (o0 hydrolyze fat wag detedted elther by
spotting them on nile nlue sulfste medium or by studying their

astlion in mutier,

Hilk

In the »lsting of meny sormal and abnormsl gsmnles of raw
milk e large number of linolytic organieme have Deon lgolated,
The normal milk examined wog largely obteined from the nro-
dugers éupalying Iows State College but 2 nunber of semnles
obteined from varloue other points in Jows were slso included,
Lipolytic cultures werse readlly isolsted from normsl, low count
milk end apnesred to be distributed rather wldely in the samnles
piated, The sbnormel milk studled consistsd mostly of sammles
obtained from Iowa State College and held at 5° to 10° C.
for extenﬁsé neriods, Tﬁese spuples genernlly develoned off
flavore and odors suggesting those brousht about by Ps, frasi.
When such materlal was exémined it wng found that, in the
majority of eases, the flors was largely made up of bacteris
of thig tyve,

The nleting of botiled nagteurized milk, usling the nile
blus sulfate technic, freocuently ylelded cultures of ilnolytie
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baoteris, Althourh in e few instances llpolytle culturcs were
igolsted from apnerently normal nastcurlzed milk, the mslority
of the cultures were obielned from milk that hed been held for
sone Lime at relatively low temperstures snd was abnormal ln
gome respect., These samdbles generally contrined Ps, fregl in
relatively high numbers,

In order to ilnvestigste the noesibility of lipolytic micro-
organiens surviving pasteurization exn@sﬁrea, 2 number of
trialas were ocarried out in which lipolytic counts were nade on
milk teken from the nasteurisging vat immedlately before and
imunediztely after »astsurization. It was found thst linolytio
organlemn were frequently nresent in the milk before hesting
but in no instance wers they Leol-ted from milk obtalned from
the vat Just after nasteurization, A number of the gam les of
milk teken from the vst imnedistely after nagteurizstion were
also held st spnroximately 5° O, in order to abt%in a furthep
check on the araegence of lipolytic orgenismg., The ssamnles
commonly showad no oronounced change after an extended neriod
and lipolytle crganiéma were not nresent, These results sugiesd
that the lipolybic orgenisms s0 frecuently found in bottled
pagtourized milk are dus to omitaminatlion subsequent to nrocessing,

rather th=n to the afganism surviving the nasteurisgation.

graegn

3 gonsiderzble number of asmnles of oresnm obtzined from
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Iowz State College and from varlious »lente in Jown wepe nlated
on nila.blug gulfate medium, Az would be exnectsd many linolrile
organisms were lsolzted snd, due to the fset the different

lots of eresm were held under difrerent conditions bsfore

being recelved, many tyvnes 0f osrganlismg were gecured, Sneeles
glmosd nevef encountered in the routine éxaﬁinatisn of nmilk ney

be obtalined oecrglonally from oream, In geverzl instsnces cul-

tures of 3§, marcesgens hove been obtzined snd in 2t least one

instence Pgeudomonsg mucidoleng has been isolrted from rav eream,

Freguently lipolytlce ocultures were obtsined from smamles
of »nasteurized eream thet were &gf&ctlve‘ Heny of them were
definitely rencid whille others nogsecred Bsn o8or =2nd flavor
sugzesting Pg, fregil. The veoteurized cresm lncluded aam»les
that had been allowed to stend at relatively low temmerstures
{5¢ to 10° G.) for sever=l deys and alost invariadbly a defeot
suggesting Pg, fregl wae nrecent, ¥When nlzated on nile blue
sulfate medium the oream was ususlly found to contsin Pg, fragl
in high numbers and frequently thls orgeniem wos the nre-

dominant tyae;

Butter

The samslesof butter examined were obtesined from verious
ercameries in Iows and in surrounding stotes, A majority of the
samnles were abnormal in some respect and linolytic culiures

were 1solated from 2 high »ercentsge of these,
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A& lsrge nuubsr of the samnles of butter sxsmined were
definitely ranald or susgested rencidity. ¥hen nlated meny of
them yislded cultures of Pg, frasl and 1t was noted esneclslly
thrt defedétive butter from one Iows oreamery almost invarisbly

contalned Ps, fragl in large numbers, Oocasionaliy samnles of

rancid butter were roceived thet on nlsting yielded commaratively
fow or no lipolytle orgenlsms. In the csee of some of these
somplas b was thought that the defuel wes due to growth of
beotoria and thst the lipolytic count had orizianlly been hilgh.
However, due to the toxic nroducts formed, the bacterin were
rapldly killsd off and by the tims the butter wes rseceived for
exenination the numbers were relatively low, Probably with
gertein gamnles the defect was not of bacterisl origin,

During an investigetion of cheesy butter 2 number of linolyt-
ic cultures ware encountered, The defeats in the chezgy utter
renged from a mild cheddar flavor to a very dlsagreesble
nitrid esondlitlion, The butter expmined wae nlated with bLecf
infuelon eyar »lus 0,5 mi, of skim milk per nlirte for the
nurnose of »lekling nroteolytic rethor than linolyile organisns,
%hen the ocultures lrolrted were lnoculsted into oream and the
orsem churned it was found thet certerin of then nroduced
rsncidity in the butter, Ususlly thece culturee were .Jren
negative rods of verying sizes and the majority were not active
fat hyérolyzers, The leck of aotivity, so far ag f»t hydrolysis

wes concerned, nrobably ascounted for the fset that the butter
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wag oheegy rather than rancid. In the work »f Qolling and
Hemmor (8) 4% was noted Lhet in many instances osrgenisms which
are lipolytic @0 not ~roduse rancidity in butter, Thls may be
due'ta ong of sewvercl reagons, Certsain tynes svmser Lo orow
noorly or not at all in utter, Othsrs may devalon and, bsing
nroteolytic as well as linolytle, Dring aboul a chessy cone
dition rather than rancldity. 9till sther tynes annear o
hydrolyze the £at and a2t first -roduce s definlte rancldity but
later bring sbout chesesiness: with theae orpganisme it ia con-

celvable thar the fatty aslds are used soon after they are freed,

llggellanesus Dalry Products

In geveral insianoes coltinge cheese wag found to have
wndergone deterioration go that it was unfit for uge., The de-
foctive matorlsl posseseed an odoy that strongly sugisested the
presence of Ps, fragl and when it was nlsted, using the nile
blue sulfate technie, this organims wes generzlly found in large
aumbers, |

Two cultures of linolytic baoteris were secured from a gamnle
of ranoid ice cream, Presumably the mix or some of its ingredle.
entc had beeome contaminated and sllowed to spoll before fre .z
ing, becruse the finished ice eresm had been kent »ronerly
hardened,

A nilesee of naoking from a.hamogenizer was examined for

lipolytle bactePle end seversl cultures were isolated, The
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homoagenizeyr head been used consteantly for some time but hnd bq-en
Keob in good counacition, The 1lsolation of lioolyitic organisms
from this metverial incGlceter the »nopulbiilties in Gﬂnﬂﬂétiﬂn
withk the contaminatlon 0r dalry oroducts from sueh equinment,
In oleting & butter culture, e uroduet that normally cone
teins g, leetis and citile acld Termenting strentococel, a
licusiying reaut wasz found to be Hrezent in relstively large
numberg, The yeast hydrolyzed falt resdily. %hile 1t would not
be exnested Ghat llpulytle orgeniams would be encountered often
in butter osultures, thelr osccaslionsl nrésenee indlcstes the

wide distribution of thesge tynes.

Other laterlials

Sarnles of anlmel fnt were obtained from the Jowa Stete
Jollage sb-ttolr and held at room temmerature in sterile containe
ary for sn extended neriod, KO attem»l wng made to use asentio
nrogedures in removin- the fet from the animale, %hen exesmined
for fat hydrolyzing organigmns several cultures were obtalined
from hog fat and one wes Lisoleted from sheep fat,

The nlating of specimeng of watesr from Leke LaVerne, r small
lake on the Yowe State Ooliege Qamous, ylelded only a2 few cul-
tures of lipolytic bacteria, Several attemots at isolation
woere made and it apoeared that linolytic organisms occurred

rather infrequently in the water,
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SECTION III. %HE IDENTIFICATICH AND CLASGIFICAZICH OF CERTAIR
OF THE ORGANISMS ISOLATED

PART I. STUWIES ON P3EUDCMONAS FRAGI

The plating of variouns dairy proémots dy the use of the nlle
blue sulints technie frequently yielded cultures which, on eompar-
atively young plates, possessed & aweet ester-like odor resembling
that of the flower of the comuon Neyepple { Podophylium peltatum).
The ability of the cuitures to hydrelysze cottoanseed oil waried
econsiderably, some being atrongly lipolytioc and others only
weakly lipolytice. It was noted that the oultures were foumd
most often in sampies of various dairy products held at low |
temporatures over a portod of time. A study of the sultural
sharaoters, biochoniaonl foeatures and growth conditione of this
group of oultures led to the conclusion that it represented dut
s single speaoies, although the resotions were not always identi-
gal. This variation in resotions coocurred especially in the
eolony appecrance end in the sotion on litmus milk. From appar-
ently pure cultures sub sultures could de obtained that would
give resotions markedly different from thone of the original and
it appeured that these eulturez were veriants of 8 central
type.

Of & totsl of 68 oultures studied in detail 28 were obtained
from raw milk, 11 from raw oream, 11 from pasteurized oresm, 11
Irom btutter, 2 from the water of Lake laVerne amd 1 from a semple
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of sheep fat theat had been held in the laborstory for a ghort
tine,

Identity of the Orzanlsm

The oultures studled are considersd to be Pgeudomonss

fregl an organism which wae investipgated by Hussong (17). With
reference to marphalogy, biochemical festures and growth cone
ditiong the cultures obtalned in the nrezent study annesred to
agree vloeely with those isolmted by Rusasongm. One difference
noted was in the abliity to ferment erablnose, The nroduction
of scid but no gae fron arablnose wee féund t» be variable with
the cultures lsoloted while those studled by Russonz conslstente
1y »roduced secld from thie comound, In view of the fret thet
the orgenism iz Known to vary gre-tly in other reanects, considerw

able variation in actlon oen corbon materisls would be exnected,

Hornhology (Cultures grown -t 21° 0.)

Porm and size, Rods; 0,5 to 1.0 by 0,75 to 4,0 =nlcrons
vhen grown 1 day on be=f infusion agar,

Arrengement, Singly, in palrs and chalne of v-rying length,
In 1 day cultures on be=f infusion agar extremely long
cshains often noted,

Batllity, Motile by mesns of & single volar flagellum,



i Due
Stalining reaction. Oram negative,
gpores, Not produced.

Cultural Charsctoristice (Cultureas grown at 21° (.}

Ager slope, On beef infuglon agar after 1 to 2 days an abundant,
gpreading, ralsed, white and sghiny growth, Some cultures
of butyrous consistency, others viscid, Generslly poa-
sessed a sweet ester-llke odor resembling that of the
flower of the Mayagﬁle.

Agar gtab, On besf infusion agm surface growth, with a smsller
amount 9f growth extending rlong the line of inoculstion.

Agar ocolony, On beef infusion sgexr colonles were generslly
Srregulnrly rounded with entire edge,rsised,smooth and
from 4 to 6 mn, in dlsmeter, OQocaslonally varlsnt tymes
noted thet were thin and transparent or raised rough and
thick, Some oultures vi&o&d while othsrg wers not,

Gelatin etad, COrateriform to stratiform liguefnetion in 3 o
4 days,

Beef extract broth. Turbldity and sediment,

Potato., Abundant,white to dixrty white shiny growth.

1itmus gllk, Actlon on 1litmus milk v=rieble, Moet rreshly‘
1golsted cultures first formed a thin nelliecle and then a
ring of scld curd at the surface of the milk which wne
clesrly evident after 5 days. At thls time a UMayannle
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odor wap generslly vresent, In some cuses after spproxi-
mately 10 days, sold formetion wag noted 1n the lower
portion of the tube while in other ¢nses 1t was not, After
2 to 3 weeks coagulation generaslly comnlete throushout the
miik; cosgulstion apparently due In some cnges to the
formation of zold and in others to the elaborztion of a
sweet curdling enzyme. Usuelly milk was nartiaslly digested _
after geveral wesks incubstlion, With certsin cultures
no action obsgerved on litmus milk beyond s sllight nellliecle

formation,

Blochemioal Festures (Cultures grown st 21% C.}

Indel, Not nroduced,

Hitratesf Not reduced.

Bydrogen sulphlde, Mot »roduced in agar.

Hethyl red resctlion, Ngpative,

Yomes Prosksuer reaction, HNegzative,

Aetlon on earbohydrstes, etc, Dextroese snd galactoge fermented
wlth the production of acid but no gas, Arabinose attacked
with the production of ncld but no ges by some gtyaing and
not attacked by othurs, HNelther ncid nor gas nroduced fron
glycerol, inulin, lseotose, levulose, maltosme, mannitol,
reffinoge, galieln and sucroge,

Hydrolysis of fzt, Fal hydrolyzed.
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Growth Conditions

Oxygen relatlonshlovs, Aeroble.
Growth temverstures, Growth at 10® 0, 30 C, and temnerztures
in between., No growth st 37° C.

Snecial Charsctsrs of Pas, freal

Hydrolysis of Fat

When each of 44 culturcs were snotted on »lstes contein-
ing cottonseed oll, 28 of them hydrolyzed only a vpart of the
Zlobules of fat below the growth while 16 hydrolyzed all of the
globules, The oculturss were relatively consisbent in the »nro-
duction 0f a AAffusible linolytie enzyme, only one culture
£ailing to hydrolyze the fat in a conslderable sres around the
growth,

Hydrolysis of Simple Triglycerides

Tripronionin and tributyrin were hydrolyzed by all of the
42 pultures studled except a few that falled to grow on the
medda due,presumnbly, 0 the toxioity of the compounds freed,
frivalerin and triolein were hydrolyzed by a msjority of the
42 cultures while triisovalerin, trieaproin, tricaprylin and
tricaprin were hydrolyzed by some cultures but not by others,
Trihentylin, trilsurin, trimyristin, trinalmitin snd tristesrin



lym

were not attacked,

Actlion on Bubtter

Zach of 10 culturee was inoculrted into n-elourlzed creanm
and the coream churned, Immediately after churning counts on
the ungalted butter ranged from 109,000 to 269,000 ner ml,
while efter 4 days at room temnerature the counts veried from
16,000,000 to 390,000,000 per ml, After 7 days at room temner-
ature elght of the samnles of butter had developned cheeginess

while two showed a slight rencidity.

Variability of the Cultures

In the study of Ps, fregl it was noted thet certain verie
ationg occourred more or les: frecuently, Generally the vari-
ationg involved nrimerlly the colony appearance snd the setion
on litmue milk,

Russong (17), in 1932, mede an exhaustive study of veri-~
stion ln Pg.frazl and found that varietlon occurred in cultures
purified by the ordinary methods and also in cultures »urified
by the single cell techhic. Three distinet eolony tyneg were
described by him, The 8 tyne was enoountered most often in
1s0latliong from dalry vroducts and was considersd@ to be the
norasl tyve, It produced a smooth, glistening, couvex, opague

colony on beef infuslon sgsr. In litmue mllk the 8 type firat
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aroduced an seld ring ot the surfroe and ister formed a cosft-
lum et the surface along the wall of the tube, Later a more
exteneive cosgulation of the milk occuwrred and = slipht dl-
gention of the curd followed, Fat wns hydrolyzed, The O tyne
produged 2 thin, trenslusent., smooth-edged nnd emooth surfrced
colony. It produced iittle or no change in litmue milk dbeyond
s alight reductlion of the litmus 1n‘the bottom of the tube,
Fat was generally not hydrolyzed. The R tyne »roduced colonles
of vfriaus glizes =nd ghapes. Saﬁe had a smooth surface snd were
tranglueent, with irrezular edgea, Othors were large, very
tough and wrinkled, The asction of ﬁhe R colonies on litmus
milk differed only in degree from that of the 8 colonles, The
setion on fat wes varisble,

In the work herein reported no commlets atudy wes made of
the variastions ocourring in Pg, fragl but the general results
obtalined confirmed the obs~rvatlions of Hugsong. The nmajoriiy
of the cultures freghly isol-ted from dsiry nroducts were of the
8 tyne and »ossegged all of the charscters of this tyne, It
apnesred thet, when first isolsated, the culturss wers least
inclined to vary, sspecially 1f osrried through rother ranid
trangfers in litmus milk, - Vhen such cultures wers nlated the
colonies were almost entirely of the 8 tyne, Veristlons in the
gpaecles seemed to be induced by long holding at 5° to 10° ¢
between transfers., When cultures that hed beesn held at these

temneratures for extended nerlods were nlated, numerous R tyne
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eolonieg were often found,

The tyne of colony did not apnear to be s stable cherac~
ter, Stzriing with any one tyne 1t was »ogsible to obiein
both of the other tynes. The abliity to hydrolyze cottonseed
01l llkewlse was not o steble charscter. Certaln cultures
thet were definitely lipolyitle when firast igolated, elther
falled to attsok the fat or wore weskly lipolytic after being

held for sn extended neriod,

Pistribution of the Organism

While only 58 culturvs of Ps, fregl were studled in deteil,
1t should be noted thet durlng the plating of 2 consilderrnble
number of normsl and abnormsl samles of mlilk,cream, butter,
ebo, many additiona’l cultures were encountered, The nroducts
exsmined were obtalned from Jowa Btate Colleme and rplso from
various other nolinteg in Iows and in surrounding stotes. The
orgenism could slmost always be isolnted from samnles of raw
milk snd oream held at low temperatures over a neriod of time,
indicatling that the srecles is nsychronhllic and rather regu-
1271y opresent in mllk. Freocuently samnles of nesteurized oream
werse racelved thet had undergone s ghange in Tlavor and odor
whils being held 1in refrigerstors in the homes of consumers,
The odor of the defoctive nroduet often gugpected the odor that
is nore or less charnct:-ristle of Pag, fregl and when such

sannles were nlated this organlsm was generzlly found in lerge
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mambers., Since Fg, fragl has been shown to be killed by
relatively low temneratures (17), its »resende in nasteurized
nmilk vorobably indlcstes contaminetlion after the hesting.

In connection with studies on the smollage of unsalied or
low salted butter fron an Iowa orsamery, it was noted thet the
defoct suggested Ps, fral and on ﬁiating the butbter thils
organiem oould simost slways be found in lsrge numbers, The
investigation of a numboer of osaes of detariorstion in unealted
or low sazlted butter led to the oconclusion that the osusative
organlsm was nasyly slways Pa, frag-m It should be smnhasized
that thles epecles annesrs t0 be wldely dissomineted snd 1t is
entirely possible theat 14, more than any oth r organism, 1s
resnonsible for defects In samples of cresnm and buttor held

at lovw temporstures,

PART II, STUDIES ON ACHROMOBACT R OLSIFINDENS (NOV, &P}

Among the cultures encountered more or less frecuently in
the nlsting of worious €alry products by use of the nlle blue
sulfzte technleo were s number that produslly brought about an
acid reaction in litmus milk, A gtudy of these cultures indl-
cated they were closely related and belonged to the same speocles.
It apnesred that the organism was unrelated to any vpreviously
degseribed speclies and the name Achromobscter olelfindens ls

provogzd for 1t, The orzenism wasg not espeolally actlve in the
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hydrolysis of fat ae judged by the nile blue sulfste method,
a mejority of the cultures hydrolyzling only a part of the fat
zlobules under the colonles. The aspecles 1s of speolal interest
in that, unlike most of the linolytle mioroorgsnisms known, 1t
produces scld and finally cogsgulates the milk without consplo-
uous digegtlon,

A study wag made of 32 cultures of Ach, eleifindens isolated

from verious sources, Lighteen of these were obtained fronm
raw milk supplied to Iowa Stste College by verious nroducers,
ten from raw mixed milk in the haldigg vot, three from raw
gweel oresm anf one from hcmogenizer'paéking. The morpholozy,
oultural charact ristics and bloohemioal featuras of the organ-

isn were investigsted and a deserintion wans prenarsd,

~ Morphology (Cultures growm at 21° G,)

Form and slze, Rodg; 0.4 to 1.0 by 0.4 %o 12,0 micron# when
grown on be=f infusion agar 1 to 2 days,

Avrangenent. 3Singly, in palrs gnd chains,

Hotliity., BHNone-motlile.

Spores, HNone produced,

Cultural Oharascteristics (Cultures grown at 21° G,)
Agar slope, Growth on besf infusion agar after 1 to 2 dsys wea
abundant, white, spreading, shiny and generelly viseiad,
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Agar stab. Apundant surfsce growth with gome growth fellowing
the line of inooulstion in 1 to 2 dsys on beef infusion
BEAY,

Agar colony., After & days on beef infusion ager surface cole
onies realsged, white, generslly viscid, sonvex, smooth,
round, with entire to slightly irregular edge, and from &
to 6 mm, in dismeter., Subsurface colonles smaller, ovsl,
white and generelly viscid,

Gelatin stab, No ligusfsotion, Abundant development on surfzoe
of the sted wlth growth fellowing the line of incculation,

Beef extract broth, Aftsr 3 days cloudiness and gome gediment,
A pelliole formed by some stralns hut not by others.

Potato, A modersie, praylsh white to buff colorsd growth
avident after 4 days incubation,

Litmus milk, A pellicle penerally formed after & &ays inou-
batlon, After annroximetely O daye s definite reddening
throughout the tube but no indication of coagulatlion,
After 3 weeks the mllk was both ascid and cosgulated gnd
the litmus wes generally slightly reduced at the bottom
of the tube,

Blochemioal Features (Cultures grown at 21° (.)
Indol, HNot nroduced.
Nitrates, Not reduced.

Hydrogen sulphlide, Not produoed in ager.
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Hethyl red resction, Negetive,

Voges Progkauer resobtlion, Nepative,

Agtlion on oerbohydrates, etc., Aclid but no ges »roduced from
arsbinoge, dextrose, galactose and lactose by some atrains
and not by othersg, Nelther gcléd nor gas »roduged finm
glyeerol, lmulin, lewvulose, meltose, msnnitel, raffinoge,
galicin and sucrose.  Starch not hydrolyzed,

Hydrolysls of fat, Fat hydrolyzed,

Hemolysele, Red cells not hemolyzed,

Growth Jonditions

Oxygen relationshing, Aeroble,

Growth:temperatures. Growth at 10%, 40° ¢, and temperatures
in between, At 45° G, growthlhy certain straing but not
by others. A

Hydrolysls of Pat

The 32 cultures hydrolyzed cottonseed oil when tested by
the nile blue sulfate nethod, Eleven of the cultures hydrolyzed
vall of the fat globules below the colonles while 21 hydrolyzed
only a nart of them, Twenty-seven of the culiures hydrolyzed
the fat glabules'beycnd the edge of the coleny while five
hydrolyzed only bensath the odlony.
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Hydrolysie of Simple Triglyocrides

All of the %2 culturee hydrolyzed tripronitonin, tributyrin,
triisovalerin, triheptylin, triceprylin and triolein while none
hydrolyszed trimyrigtin, tripalmitin and tristesrin, Aotlon
weg veriable on trivalerin, tricaproin, tricsnrin and trilsurin,

Actlon on QOrean
Each of 13 of the cultures was lnooulated into siterlle
arean, &fter'Q days incubation at 21° g., seven cultures had
develoned a glight rancidity, four had develoned a fesnl cdor,
while the remalning two cultures developed only a slight off
odor, After 16 days incubation at 21° (, the results obtained
were eﬁsent&ally'thﬁ same as after 9 days.

Aectlon on Butter
Faeh of flve of the cultures wasg lnoeunlsnted into nasteurized
oream and the orenm churned, When the unsalted butter wes held
at room temnersture (anproximstely 21° {.) none of the ocultures
brought sbout rancidity after 7 daye. Three of the cultures
produeed & outrid odor while the remalning two did not oroduce
any defeaat,

PART IIX, 9TUDIES ON ALOALIGENES LIPOLYTICUS

During the nlating of 2 large numbor of samnles of milk,
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ereen and vordious other matorials for linolytic organisms, usling
the nils blue sulfete technle, & specles dlffering from the
usual tynes of llpolytic organisms in that the colonies were
very small in slze was occasionally enoountered, When nlcked
into litmus milk it produced no change. An outstanding char-
soter of the organisn was 1ds vronounced lipolytie abllity, as
evidensad by the rapld hydrolysie of the fat plobules under the
colonies and by the extent of the zene of RAydrolysls.

A study was mede of 21 oultures o the orgsnism, Fliteen
of these were obtained at wardious intervals from the raw milk
of one producer supnlying Iowa dtate College and one gome from
the raw ailk of another »roducer, Four culturcs were isolsted
from yaw mixed milk and another wae oblained from the water
of Lske lLa Verne,

Identity of the Orpanisa

The organigm isolated showed charsoters that indloated it
belonged to the gpecies ipolsted by Evang {(12), in 1916, and
desicneted Bacllilug aboxrtus ver. linglytiecug., ZSwvang found the
organisn nroduesd a very fzint growth in the form of asnmall
separste colonies on meat Infuslon sgar elants, Gelatin was not
liquefied, nitr=tes were not reduced and soid was not »roduced
from csarbohydrates. Growih was slight in lltmus skim milk and
the medium remained unchanged, while in itmus whole milk there
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was good growth with clow acld develonment whioh wes firet
spparent in the oream lsyer. Ivens congldered 37° G, the optl-
mal growih temmersture,
In g later naper Svans (13) polnted out thet Bacillus
abortug var. lipolytiocus eould be found In lsrge numbers in

milk and that 1t wes killed by a temperature of 52¢ @, for 30
minutes or 63% G, for 30 seconds. In 1918, the same author {14}
noted that thig orgenism 41d not form endogpores snd according-
ly belangaﬁ in the genus Basterium, She suggected that the
variety deslgnation was unwieldy snd that the organlsm wae

likely a @istinet epecles, The name Bpotorium lipolytlcug was

nrovosed, The evidenocs indicated Bact, linolytious wee not

pathogenic for gulnea nigs.

A study of the morphology, cultural charzoteriatlice and
biochenmienl featurees of the 21 oultures 1soloted showed thrt
they were the same as the organlsm deseribed by Twvans {12),
This study hes vermitted an extensien of the original desorip~
tion, The charsclers of the specles are such that 1t »robably
bzlongs in the gemus Aloaligenee snd the name Alceligenes lipolyt-

icus isg propoged.

Genersi Descrintlon of Alesligenes linolyilous

Homhology (Cultures grown at 21¢ C.)
Form and slze, Rode; 0.6 to 1.0 by 1.0 to 1.4 microns when
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grown 1 day on besof infusion rger. When grown anproximately
3 weekd the velle beoeme slongated monguring un to 0.8
microng in width snd 2.4 microng in length,

Arrangenment, Singly and in nairs,

Motility., HNon-wotlile,

Stalning reactlons, Generslly gram positive in young cultures,
Qlder cultures gram negntive,

Spores. None procduced,

Cultursl Charsotoristies (Culturecs grown nt 21° ¢.)

Agsx slope, A seanty, white, filiform, non-viseid, dull growth
on beef infusion ager aBter 1 to 2 daye, the type of growth
not changslng on extended incubation,

Azar stab, Small smount of surface growth on beef infusion
agay wlth growbth extending down along the line of inoocue-
lation,

Agsy ocolony, Orowth evident on beef infusion ager in anproxi-
nately 2 days while after 4 days surfecs colonles were
white, nonevigeld, round with entire edge ond from 1 to
2 mm, in diameter, Subsurface colonies ovel, white, non-
vigeld and smeller than surfece colonles,

ttelatin stab, HNo liocuefaotlon, A scanty growth on the surfaoe
of the gelatin and some growth following the line of
inoculation,
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Boulllon., A gli ht eloudiness in the nedium and =2 glight sedl-
mentation after 3 to 4 days.

Potato, No visible growth,

Litous ekim milk, Beyond n slight nresinitate in the tube
on extendsd inocubation, no actlion observed in litmus skim
wnilk,

Litmus whole milk, ZAfter aporoximately 2 weeks incubation nold
aprarent in the c¢r=sm layer, the zeid lnter axtending
down through the milk 1tself,

Biloghemioal Festurses (Cultures growmn at 21° 4.)

Indol, Hot prodused,

Hitrates., Not reduced.

Hydrogen sulphide., Hobt nroduced in agar,

Hethyl red resction, Hegative,

Voges Progkauer rezotion, HNegatlve,

Actlon on oarbohydr=ztes, ete, In general nelther aclid nor
gas nrodused from the connounds used, A few oultures
produced acid bud no gas from arablnose, dextrose, lactose,
levulose and maltose. Gelactose, glycercl, inulin,
mannitol , iatrincse, salicin and guoroase not fermented and
sterch not hydrolyzed.

Hydrolysis of fa%. Fat hydrolyzed.

Hemolysis., Red oells not hemolyzed,
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Growbth Conditions

Oxygen relatlonshins, Aerobie

érow%h.teaperaturea. All cultures grew ot 10® ¢, ot 37° O,
and ab temperatures 1n between, AL A0° ¢. the najority
of the cultures also gave slight grawth.

Hydrolysis of ¥ab

All of the 21 eultures hydrolyzed cottonseed oil when
tested by the nile blue sulfste technie snd they wers relatively
conslstent in the tyve of lipolysis nroduced, Oomnlete linoly~
slg beneath the growth ocourred with all of the cultures while
all except one hydrolyzed the fat for a considerable distance
beyond the edge of the colony. The sbility of the cultures to
hydrolyze other fate was not tested as the work of Hemmer and
Oellins (7) indicates thet essentially the same results are

goeoured with various natuwral fats,

Hydrolysls of Simvle Triglycerides

A1l of the oultures hydrolyzed triteoveslerin, trieaproin,
tricaprylin, trigsprin, trilaurin and trilolein., Triproplonin
and tributyrin were hydrolyzed by a majority of the sultures;
thoge not breinging adbout hydrolysis were unnble +0 grow on the
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media, Trivalerin, triheptylin, trimyristin, tripalmitin ond
trigtearin were not hydrolyzed.

Action on Qresm

Epnoh of 21 oultures wes inoeulsted into = smell emount of
gsterile oream, Afber T days 2t 21° C, 211 of the cultures hnd

develonsd rancldity, the defect belng very nronouncsd,

Action on Bubtey

Zach of 11 cultures was inoculsted into nasteurized oreasm and
the cream churned. The ungalted butter was storsd at 21° {.
After 3 days seven of the culturee had develonsed rancidlty
while after § dsys all of the sanmples were renocid,

Effeet of Glycernl and the Sodium Sa2lts of
Fatty Acids on the Growth of Ale,llpolyilicus

The fsof thet the groupn of otherwimge relatively inert or-
ganlgms attacked fat a0 resdilly suggested that they used one oy
more of the products of hydrolysls, Thle theory wasa tected by
noting the effect of glycerol and of the godium gslts of
various fabtty aclds on the growth of the oruanisms, Plain beef
extract broth and beof Infusion agar were uged as controls;
#lyeerol and the sodium salts in varlous concentration were

added to other lots of broth and agar snd the reactions of the
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medlin were sdfusted to nH 6.8, 2Dach nedium to be tocted wes
inoculated with each of the 21 cultures, The resulis obtained
sftor an incubstion of epvroximstely 1 week st 219 (., were as
follows:
GLYCEROL.

Conoentrations of 0,5 ner csnt of glycerol in the broth

and agar d41d not influence the growth of the organlans.

BODIUK ACETATE,

In broth containing 0.5 ver cent sodium acetate growth
wag mmeh heavier thean in the control tubes, Consentrotions
between 0,25 and 0.5 »er gent in sear slants aleo increased the
growth, In the éontral tubes the growth was thin, dull,
besded and almost streptococcus-like while in the slones con-

taining sodium acetste 1t was luxurisnt, whilte and spreeding.

SODIUM PROPIOHATE,

Qoncentrations of 0.5 per cent of godlum »nronionate in
broth greatly esided growth while the ssme oconcentration in agar
comnletely inhiblted development, When 0,25 ner cent sodium
nronlonate was added 0 the agnr there wss rood growth but it
was not qulte as extkenglive, ae in the aygar Lo which sodium

soetate Bad been added,

SODIUM BUTYRATE,

The addlition of 0,5 ner cent sodium butyrate %o broth
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gzve the best growth in the series and with gome cultures nel-
licle formation waes noted, A Q.25 per ocent conoentration in
agar gave a very pood growth, as comnared to thet in the cone-
trol, while 0,5 ver oent inhibited growth,

SODIUM GAPROATE,

¥hen 0.25 ner cent sodiun onproaste wes aldeé to broth
growth was greatly stimulated., The same conceniration in beef
infugion apar inhiblted development while 0,1 »ner gent geve
remarkably good growth,

S0DIUN CAPRYLATE,

Sodium caprylate apnesred to be extremely toxic and the
eonaenﬁrationa'uaeﬂ ware negessarily very low; 0,1 ner e=nt in
broth and 0,05 ner cent in agsr brought sbout much better
develonment than thet in the contrel tubes,

30DIUM CAPRATL,
Sodlum canrate was also relatively toxle, as comnared te
the other compounds uged, GConcentrationsg of 0.1 per cent in

broth and 0,05 ﬁer cent in ager stimulated growth,

Z0DIUM QLEATE,

Growth of all the oultures was dlstinctly aided by the
sédition of 0.5 ver cent sodium oleste to broth and 0.25 ner
ogent to the agar.



Ability to Use Various Fat Componsntis ag the
Sole Source of Carbon

The abllity of Ale, lipolytlocus to use glyeerol and certaln

of the fatty aclds as the sole source of corbon was investi-~
#xted, The synthetlc medium A of Ayres, Runn and Johnson (2)
wes uged as a control., It had the following composition:

Sodiunm ammonium phosnhate orang 2.0
Dextrosge # 10,0
Potassium chloride " 0.1
Digtilled water ml. 1600,0

The test medlis weres nade up by varying the gource of care
bon in the above medlum, Instesd of dextrose the following
connounds vere used in the smounts designated: .25 ner cent
glyecerol, 0.25 per cent sodlum acette, 0.25 per cent sodium
nronlonate, Q.25 ner cent godium butyrate, 0.05 per cent gode-

lum esproste, 0.05 per cent sodlum caprylste, 0.05 per cent
| sodium caprate, and 0,1 per cent sodium oleate,

All of the cultureg were zble 10 grow to a slight extent
in the eontrol medium ocontaining dextrose as the gole source
of ecarbon, The orgenisms were also sble to utilize glycerol
end the sodium selts of the fatty aclds desipnsted 2s corbon
souroes but the various sgalts &lffered In their sbility to
sunvort growth, The development in the medis contalining sodium
acetate, sodium butyrstec and sodium oleate was very cood as
comnared to that in the control tubes whlle growth in the medis

containlng glycerel, scdlum nroplonate, sodlum caproate, sodlum
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saprylate and godium caprate wag reletively poor,

Ppodustion of Acetylmethylesrbinol Plus Diacetyl
in Skim MAlk

Zach of four cultures was inooulated into skim milk and the
wilk incubated at 21° ¢, for 3 danya, At the end of this time
the cultures were examined for aceilylmethylesrbinoel vlus
dlacetyl, These compounds were not found.

¥ach of two culitures were inoculated inte 3 nortions of
skim milk to which had been added 0.4, 0.5 and 0,6 ver cent
oltric acid respeotively, After B days incubztiongt 21° G,
the ocultures were examined for acstylmethylcsrbinol plué

dlacetyl. Hone was found,

Productlon of Volatlle Acld

The nroduction of volatlle scld was studled with three
eultures by 1naca&ating esch of them into skim milk and incu-
beting thg milk 6 days st 21° O, When volatile scidity deters
minations were then made 1t was found that no inorease hed

occurred,

Digtribution of the Orgenism

The work of eertaln investigetors has indloated that
orgsnieme which should be Qesignated Ale, lipelytioug may
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often be nrecent in mlilk, Zvene (12) studied the bectorls of
milk freshly drawn from the normal udder snd found Bagillug ?
rbortus var. linolviicug in 33 or 12 »er cent of the 192 aamgzéa
examined, The organlism was also nresent in the milk of 811 of
the herds exsmined., In = later noper (13) the game author rew-
ported the isolation of Bacillus sbortus ver. lipolytigug from
9 of 2% milk semnles investipgeted, 8teck (23) in 1921 studled
the bactoris nresent in the normel udder znd renortsd the
ogeurrensge of céganiama of the tyne deaoribed hy EZvans. Dorner
(10} investigated the bascterial flore of sseptically drawn milk
and found a large number of rods which he considersd identiosl
with the speeles 1solsted by Bvans,

The. pre: «nt work indicetes that Ale, linolyticus 1ls not

dizsenminsted as wlidely a8 Evane and others apvwesred to find,
A% one time the organiam could be obtained with relative ease
from the milk of one »roducsr but numerous attemvts to 1saiate
1t from the milk suppllied by other produsers and from various
other materisls generslly resulted in fallure, Later sttemntis
to obtain the organism from the originasl sources likewise re-

sulted In failure =lthouph revested platings were mede,

PART IV, STUDIES ON HYCOTORULA LIPOLYTICA

The plating of both normal end ebnornal dalry nroducte
oocasionally yielded yeaat cultures that were»aharaeterized by
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s livolytlic ss well sg a nroteolytie abllity. The verious cul-
tures spopesred to belong to the same gpecleg zlthough there were
certzin minor verisztlons in colony siructure and in the fermen-
totion reactlong, The faoet thet the orpgeonism was isolsasted
{from é numbsr of samnles of cheegy butter suggests its nossible
relatlonship to the defeect.

Zleven cultures were studied in detall; these were selegted
from 2 considerably lerger number of cultures that had been
1golated, B8even of the cultwres studled wers oblalned =t
various intervals from the rew milk suppllied to Iows State
Collese, Three were isolated from nlates noured for yesst and
mald counts on samplaes of sbnormal butter; two of the samnlses
were slipghtly checsy while 2 third wes slightly rsneld,., One

culture was found 1n an sbnormal butitor culture,

Identity of the Cultiureg

The oultures obtained were ldentifled sz Mycotorulas

llpolytics which wag studied by Harrison (16), in 1928, Al=-

though Haxrison did not record the action of the organiam on

f£2%, the other cherncteors glven by him agree closely with those
of the cultures isplated, He renortad that the cells were
ellipsoldal to cylindrieal, with cccasional hyphal-like threads,
On wort agar the growth waeg spresding, dull, rupose and vwhitish,
Dextrose, mannose and glycerol wers fermented with the nroduction
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of acid but no gas, Hilk wao almost ocomnletely veptonized and
s thin white film apoeared on the surfrce, Gelatin was com-
pletely llouefied in 24 daye. The organism grew well ~t 25° C,
but grew very little =t 37° C.

The toruls lsolated by Rogers (21), in 1904, showed
charnoters that relate It to M., lipolyties. It had a weakly

lipolytic aection thet was not oonstant but apperred to vary with
gome unknown factor. Sugers were not formented, At 30° C,

milk wag digested slowly with no nrevious cosgulation, The
organisnm develoned readily under both seroblc and anserobic
condlitions,

A detgiled study was made of the mornholosy, cultursl chare
acters, and blochemlesl features of the 11 culturee and the
desorintion zgiven the organiem by Harrison {16) has been en-
larpged,

Genernli Degorintion of Hycotoruls linolytice

Mornhology (Cultures grown nt 21° ¢,)

Form snd size, E£llinsoldel to oylindrical celle with buds ot
ends; 1.0 to 2,0 by 1.0 to 5,5 mieroné when grown 1 day on
beef infusion apar. In older rgar cultures snd in sub-
surfsce colonies on plates, hyphal-llke threads varying from
1.5 to 2.0 by 8,0 to 15,0 microns often observed,

Arvangement., Hature cells found singly; buds early broken

from mother cell., 1In some instances relatively moture
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gellsg found 1n onalre,

Hotility., Non-motile,

Steining resctlions., Oram peslitive,

gpores., None obaerved even in old cultures,

Agar

Ager

Agar

Gultural Characteristics (Cultures grown at 21° @,)

slope;, Abundent, flat to slightly ralsed, dull r wugh,
spreading, white growth after 2 days on beef infusion
aiar, the tyne of growth not ohanging on extended inou-
bation excent to become ¢lightly heavier, On wort agar
essentblally the same type of growth found,

etab, On becl infusion agar after 1 to 2 days an sbundant
surfzoce growth with reletively little or no growth followe
ing the line of inoculation. The swface growth was egeene
tially the same in character ss thst on the azer glones,
colony., On beef infuslon zgar after 2 {0 4 daye surface
aolonles were white, dull, thin, rouch, with uneven

edge and from 2 to & mn., in dismeter. Soms surface cole
onles smeller, ralsed, convex; apvearing almoat like
aotinomyees colonies, Subswrface colonles generally
smaller and having the apnearsnce of mold colonles due to

long cells growing out into the agar,

Gelatin stab., Stratiform liguefsction. UJomplete in 20 days

or lesg.
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Besf extract broth, After &4 dsys thin, white pellicle ex~
tending 5 to 8 mm. slong side of tube above the surface
of the liguid., Slightly turbid. GConsidersble gediment,
Potato., After 2 days p moderately heavy white to dirty white,
dull growth, The tyne of growth wes gimilar to that on
agar slopes,
Litmus milk, After 3 dsys & thin white nelliele, with incom-
nlete digection throughout mogt of the tube. Ooccasionally
a slight reduction of the litmueg in the bottom of the
tube, Digestlion most pronounced on the gurfsce of the
milk, After T days, dlgection complete, leaving brown
to bluish brown gerum., Pelllcle generally bscame blulgh

white in color, Considerable sediment in the tube,

Biochemical Features (Cultures grewn at 21° C.)

Indol, Not oroduoced,

Hitrastes, Nob reduced,

Hydrogen gulphide., Not produced in agar,

Kethyl red reactlons, HNegative,

Voges Proskausr reaction, MNegative,

Actlion on oarbohydrates eto., Aoid but no gag in levulose by all
cultures, Aold but no gas in dextrosge and glycerol by some
ocultures but not by others, Nelther secid nor gas produced
from arsbinose, dextrin, galactose, inuwlin, lactose, msltose,
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mannitol, raffinose, sallicin and sucross,

Hydrolyeles of fst, Fet hydrolyzed.

Growth Conditions

Oxygen relationships, Aerobloe,
Growth temmeratures, Growth =2t 10° and 21° 0, At 37° C, growth
osourred but was slight,

gnecial Cheraocters of M, livnolvticas

Hydrolyslis of Fat

All of the cultures studied hydrolyzed f21 actively,
Eight of the eleven cultures hydrolyzed zll of the globules
below the pgrowth while the remaining three hydrolyzed only =
part of them, Seven hydrolyzed the fat around the oolony
growth whlle four did not,

Hydrolyasis of Simple Triglycerides

All of the cultures hydrolyzed triprooionin, tributyrin,
trivelerin, triifsovalerin, triceprylin, tricaprin end triolein;
trieaproin and trilaurin were hydrolyzed slightly. Triheptylin
vas atbtacked by some cultmres but not by others whiles trie-
myristin, trinalmitin and tristenrin were not hydrolyzed,
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Aotlion in Cresm

Each of the 1l cultures was inoculated into ersem thet
had been sgterilized in smell flagks in aporoximstely 100 ml,
amounte, Aftor 3 daye st 219 G, all of the cultures had nrow
duced an off odor but none wére tynieally rancid or cheeasy.
After 7 dayes, however, sll of the gsamnles of coream inooulsted
with the cultures wers nutrid, the defzet being nors pro-
nounced with some oulturss than with others, In thls conneo~
tion it ghould be noted that the organisms were asctively
proteclytic as well as lipolytlo.

Aotion on Butter

Each of the 11 cultures wes inooculsted into pasteuriged
cresn and the oream churned, After 1 day ot 21° G,, six
samnles of the butter wers cheesy, three were cheesy 40 rsncid
while two were distinetly off but neilther cheesy nor rencid.
After 2 days st 21° C,, however, 10 of the samnleg were cheesy
énd one was eheesyvto musty, After 9 days at 5° to 10° C,,
three were cheeay to rancid and eliht were cheegy while after
5 weeks four of the samnles were cheagy, four were cheesy to
rancid and three were definitely rancld, The counts on the
butter held at 21° €, were not extremely high, After 2 daya,
at which time the buttem were definitely cheegy, counts on =zix
of the gemples ranged from 2,200,000 to 27,000,000 per ml, The
ocontrol samnle haod less than 100 organligms ner ml,
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Digtritution of the Organlism

For = number of years studleeg have bsen sarried on at the
Dalry Becteriology Laboratories of the Iowa Agricultursl Experi-
ment Station on the organisme commonly found in dairy oroducts,
In the oourse of this work nmany cultures of liocuefying yeasts
have been obbtalned. Whlle these were not tested for their
abllity to hydrolyze fat, thelr general cultural reactions
indlcated that they are the same as M. linolytles. It should
be noted that the ability to digest milk is not a common

sharactoer agongz the yensts found in dalry nroducts and that
the liquefying yeasste vresent in these materials avpnear to be

closely related 1f not ildentieal, i, livolytlca 1s charancter

1zed by 1lis abllity to bring sbout rapid and comnlete digestion
of mllk and ite ablility to grow vigorously on ordinary laboratory
medie, GCultures heove boen obtained from gsamples of milk, cream,
butter and various other materlele, indlesting thet the orgenlsnm
is widely distributed and nregent in s variety’cr nroduets.
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SUMMARY AND CONCLUSIONS

1, The nile blue sulfate technic, due to the inhibitlon
of many non-lipolytic orgsniems, wee found useful for the
igolation of lipolytlic tynes when they werse present in small
numberg as oomnered %o the total numbsors of organlsgms, However,
it should be noted that certain lipolytie tyves, =28 well as
the non-lipolytle ones, were also inhiblted,

2. The nile blue sulfate technic geve low total bactorlel
counts due, nresumably, to toxlcity of the dye. %When totel and
linolytie counts were deglred, the modifled nile blue gulf-te
techniao was very vsalusble, However, when the wnronortlion of
lipolytle organisms to total orgeanlisms wns low the modified
method was not especially useful, In addition the nicking of
linolytic colonies was comnlicated by the flooding of the
platec,.

3« The simple triglyceride technle, employing either tri-
proplonin or tributyrin, was not an acourate method for detormine
inz the abllity of an organism to hydrolyze natural fats,

8, lactis was found to hydrolyze iripronionin =and tributyrin
but &1d not atiack either cottonsgeed oil or butt-r £=2%,

4. The natursl fat technic was well sdented to the study
of lipolysie be&ause relatlvely high totel and linolytie counts
oould be obtained and the nicking of lipolytic eolonles was not
somplicated by flooding the plates, The orimary digsdventags
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of the nethod wre the imnonslibility of deteoting linolytic
orgenisns when they were nresent In small numbers, ze commared
%0 the totsl numbers,

5., Lipolytic besctoris were found digtributed widely in
both normal snd sbnormal samples of milk and cream, The nb-
normal samples included meny that had been held 2t low temera-
tarés for extended neriods and these freocuently contelined
§§L“§£§g§ in large nunmbers,

The preaentkar lipolytic organisms in nasteurized dairy
products was consldered to be due 40 contominatlion after heatw
ing since atitempts to 1solate lipnolytie organisms from milk
obteined from the vat 1mméd1at@1y after nasteurization invariably
resulted in fellure althoush thsy had been shown to be »nresent
before heating,

The nlating of samnlesg of buttbter, most of which were zbe
normal in some regpect, ylelded many cultures of linonlytic
microorganisme sn@ certalin of the semples contained Pg, fragl
in large numbersg, In additlon to the materiale alresdy mentioned
misoellaneous deiry nroducts end various other materisls ylelded
siany oultures of lipolytic orgenimms,

6. The results obtalned in a study of the Pz, fresl cul-
tures isolated agreed with the conclusionsg of Hussong (17).

Pg, fragl waa found to be widely dlscemlnated and was considered
1o be cne of the organiems encountered most fresuently in spolil-

ape of certaln dalry products., The spollage in pome eases wasg
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2 tyoloal rancidity and in others 1t was an odor sugmesting Ps,

fragi.
7. A new lipnolytic sneoles, Achromobacter agleifindens,

wog described., The organlism aifféred from the usual tyne of
linolytle culture because of the acld eoagulstion of litmus
milk and of the fallure to dilgest milk, The specles was not
stronzly lipolytic and did not produce rancidity in butter.
8. A number of inert, llpolytlic oultures were obtalned

end were conslidered ldentleszl with Beolllus abortus var,

linolyticus deseribed by Svens (12), The charactsrs of the

orgsiism indloated 1t belonged in the genus Alesligsnes and the
neme Alosligenes lipolytioug was proposed, Ale, linolyticug
produged rancldlty in bubtter and was charscterized by its ability
to ranidly hydrolyze fzt and 1o use certaln of the fatty =20ids
as the gole source of earbon,

9. A yesst that wes lipolytle, as well as nroteolytic,
wag studied and found to be Hycotoruls lipolytica, which wss

investigated by Harrison (16), The yeast atiscked f=t readlly
and some cultures nroduced rancidity in butter; others, however,
braugﬁt about cheesiness, The crgan;sm grew well on ordinery
labofatery medlia,

10, The recults obteined on the mamerous lipolytis oul-
tures studied indlented that even such a character as the
ability to hydrolyze fat may not be stable, The fallure to
hydrolyze Lzt was noted eapeo;ally with variant sultures of



-4
Ps, fragl.

11, GCertain of the linolytic cultures studied falled to
produce rancidity in butter. The fallure to nroduse thls
defect was thought to bé due to poor growth or no srowth in
butber; in some casces when an orgenism was nroteolytic es
well a8 lipolytic a cheesy condition rather then rancidity

reculted,
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