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INTRODUCTION

The work pressmted in this paper is the outgrowth of ﬁn&-
ing the wame spegies of baoterium in two samples or rancid
butter examined in the Dalry Baetexliology Laborstory of the
lows Agrioultural ‘Experiment Station, The organism was present
in rather large muwbers in each sample and this sugzested 2
relationshir to the rancld condition. A few preliminary ohurtie
ings were mads, using pasteurized crean inoculated with the
organism isolsted, The butter fror thess churnings bLecame
ranoid within three days, when atored at 15,5 C., while the
control butter was unchanged. This indicated more definitely
that the organiss isolsted waa responsible for the rancidity
in the original butter, Preliminary inoculation of the organe
ism on a medium designed to detect fat hydrolyeis showed that 1t
rapidly hydrolyzed fas,

The organism is0lated from the ramoid butter vossessed
two wusual e&zéxaemrs aimilar to thoge of an orgmanism which
had frequently besn found in previous years on pletes pouved
fror both normsl and atmormal dairy producte, but shone
possible relationship to the production of rancidity in butter
had not been suspscted, The moat prominent of these character-
istios was the production of a ring of acid curd at the surface
of a liteus milk oculture, The ring seldom extended entirely



"
"vevar the surface of the milk but adhered to the sides of the
test tube. Only after long incubation periods did the entire
tube of milk coagulate. The othex character in which the
organisn isolated Irom the rancid butter was similar %o the
~ozganiam previously igolsted, was thae production of an ovdory
resembling thet of the flower of the common Hayapple or manhe
drake (Podophylim peltatum). |

Organisms identical with, or very cloasly related o,
the two enltures seourse’ from roncid bHutier were later isolate
ed from a number of gamrles of normal and abnormsl daliry prode
ucts cecured from vwidely separated reglons of ihe United
3tztes, After 51 cultures had been isolated a systematio
etudy of them was undertaken, PRefore this had proceeded far
it was evident that the apparently pure culiures were produc.
ing different colony types vhen plated on agar. A preliminary
survey of these wariant cultures revealed that vertain of them
possessed blochemical charaoteoristios which were unlike those
of the parent culture, Some of the wariant cultures weres
found to remain stable during a number of transfers in litmus
milke.
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11X, HISTORICAL
A, Fategpliltting organisms and rancidity of dutter,

The bacterioclogy of raneld butter has besn the subject
of mamarous investigations most of which were carrisd out dure
ing the last part of ths nineteenth and the firet purt of the
twantisth century.

Harpmann (°4) described a spore-~forming organism which
he thoucht was the cause of the laotic acid fermentation he

named 1t Bagillus limbatum ncidi laotis, The organlem is of

" interest becaunss von Kleoki (19) concidered it similar to a
gpeciaes which he isolated from rancid butter,

Comn {4) made buttsr from pasteurized orsam which had
been inooulated with a Miorococcus, This butter developed a
rancid taste and a bad odor, The organiasm produced buiyrie
aold in milk,
| von Klecki (19) described five npecies of bacterla whioch
he had igolated from ramoid butier. Two of the speclies 180late
ad were cocel and were numed Divlocooous buiyrl and Tet
tyzi. One species was a spore-forming rod which von Keloki
thought was similar to Bagillus lipbatum qldl lactis Merpmann

and whioh he ealled Bacillus limbatus butyxl. The two remaining
species were non-spore-forming rods and were designated




Bagillus butyxi X and Baolllus
rijkman (6) studled a differential medium for the isolation

of fat-splitiing bacteria. From his data he concluded that

Jluoreggeng, and M&M Rxedigloais ocould hydrolyze fat
atrongly while Bacillins Andisus and Bagiliung xubez possessed &
venker hydrolyzing aotion,

Orle~Jdensan (25} reported that under ordinaxy oconditions
the bacteris whiok produted rancidity in butter were Bagillus

Sahreiber (27) isolated 30 organisma from fat which had
been in contact with the earth for a long time. Of these only
two speciss of bacteris, Bagillus fluoresoens and Baocillug
were able to decompoass fat, Aftexr the organisme had been gromn
on laborstory media for a long time the first lost the power

of decomposing fat.

de Exuiff (20) desoribed nine species of fat-splitting
bacteria which he had igsolated from soil, msewage, water, old
butter, and animal feges, Zight of the species were meagerly
degoribed and were not given speoific names, The remaining
spaoies was identified as Bagillus fluorescsns 1
All of the species studied grew at 37° C,

Buss (17) 1solated s fatwsplitting organism from milk; he
named it Bpoteridimm lipolrtigum. The orgeniem grew at 37° O,
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Fvans (7) reported that n variety of Bagillus sbozxius
hydrolyzed fat; it was deslgnated Baglllug sboyius vaz.
1irolyticus,

Hasg (12) gstudled the splitting of fat by bacteria and
conuvluded that of $he organisms ctudied only B
wan oxpable of bringing shout this change.

Hameberg (16) studied a mmsber of organisms which he
isolated from various grades of milk, The organisms were di-

vided into the followinz groups: micrococct (including Sareina)s
atreptococci) Bacterimr slonlizenesg: fluorescens; Protesus,
¢loaone, nnd Corynebasteriwms, Fat was decomposed by one

snacies of Microcooous; ong apsciss of Sareoina, four specles

of streptococel: 3ix species of Alealigenes; two speetes of
fluorescens; two anecliee of Proteus: and onz speties cloacad.
The organisme were inoomplately degeribed mnd were not named,

B, Aroma producing hacteria.

Reimmann (26) in a study on rancidity of butter mentioned
a coli-like bacterium which produced o etravberry aroma, “hem
grown in butter the organiam caused the buster to beoome rancid,
The other characters of the org'mimlmrs not glven,

Eichholz (5) isolased an organism which produced z straws
berry-like aroma in all of the media testsd exoept potato, He
considered it & new species and named 1% Huaterium fragl. Its
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optimm growth temperature was 26~29% 0. Although it could
vithatand 27% ¢, for several days 1% 414 not grow at this
temparatura,

Sruber (11) isolated an organism which produced a straws
verry-like aroma, He named the orgenism Faewdouonng fragariasg.

Later Gruber {12) isolated another speciss capsdle of
producin: stravberry~iike aroma; it was ssoured from nilk,
He ealled this apeociss oponas Lragarise I1.

Huss (1£) alao reportsd the iwmoletion of an organism
which produced a strawberry-likc odor in variousz media, He
designated the organien Pgeudomonas fragarcidea.

Ge Bacterial disaocliztion

Yariations in the types of ocolonies produced by pure
culiures of baoteria have regeived oonsiderabls attention dude
ing recent years. HRadley (13) reviewed the literature dealing
with this subjeot up to 1927, In his review Hadley used the
terms smooth and yough (designated S and i) to desoribe the
colontes produced, These terms were first used by Arkwright (1).
Another colony type whioh Hadley included was the intermediste
or O type. This was first described by Firtsch (8) in 1884,
The desoriptions of the S and R type colonies are falrly
definite but 1ag difficult to interpret the asxact anature of the
0 tyne colony.
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Soule (28) in his study of Bacillns aubiilis added two
rore colony $ypas to those previously reoornized, Thess were
$nhe magolid or ¥ type and the phantom or P type,

Hadley (15) 1later, in n atudy of the filterable forms of
bacteria, added another colony tyve %0 those already in existe
enca, This was the G tyne whieh hs thought represented the
ronidial phase in the 1ifs oyole of haoterin. It s probable
that thia 48 the anme az tha phantom oolony tyve deseribed by
Joule (28).

Kuhn and Stewnberg (22) reviewad the literature of snother
sghool of bacteriologists r=ho base their differsntiation of
the variation in oultures of bacteria on the morphology of the
calls present in the cultures rathor than on the charaoter of
the colonles, Kulm (21) has divided the cells oocurring in a
culture of bacteris into four groups as follown: The A forms
are large globular elenents thet ooour In cultnures of many
species and were considered by Xulm to be nrotozoe or myzomy-
cetes and are reportad %o form apores which invade mm&l baoe
teria cmusing them to swell and burat; The Invasion of the normal
cella by spores of the A forms, and their subnequent bursting
Kuhn oonsidered to renryesent bacteriophags antion: The B forms
are probably the aame as the normal or 3 type of other investi-
gators; The O forms were reported to be filterable through
poroelain filtera and t0 represent the metachromaiio gramiles
often seen in becterial oells, They are prodbably identioal with
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the P colonies of Souls {28) and the G colonies of Hadley (12},
The D forms reprasent the filamentous and branched o¢lls often
found in bagteryial culturss.

In gensral, work on colony varistion hng been cerried out
Ly using various outside agents, such pe dyes, inorganio salts,
variation in pH, snd $oxic materlials, %o eithor avoelarate the
variantion oxr to suppress one type and allow the others to
deveiop, However, some of the investipations reporsed involwe
ed none of thess agents and deal with the colony veriationas
socurring elther in rapidly growing or old cultures of bacteria.,
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IV, METHODS

A, Hethod of making experimental butter.

In investigating the action of warious cultures in butter,
the erxperinental buitter wms made from gwoaet cream which had
been paateurized nt 82,2° Q. for fifteen minutes, cooled and
inoculasted wlth ~ young litmus nmilk culture of the organisn
to be studied, The inoculsatsd orean was incubated for shond
18 hourse at 5% ¢, before it was churnsd,

The churn used was a small motor-driven shaker te which
was 2%tached glass jara containing the cream So be churned.
For amall amounts of oream one quart fruit jars, fitted with
glass tops, were used. Saltwmouth bottles having a capscity
of four 1iters ware amployed for larger amounts of oream]
the bottles were ntopnared with cor¥ka covered with sterile
nayolmant,

A11 of the materinl cowing in contact with the butter
¥na sterilized before use. Thesc malterials included wansh
water, paddles, working bowla, salt, and the finel nackages
in which the butter was plaosd, The finiched bulter was
atored either in Petxl dishes oy, where larger amonnts were
daesired, wranped in porolment paper, The butter was slored
at verious temperatures depanding on the axperiment being
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conducted,
The exposure uged in pasteurizing the oreanm was such that
the resulting butiter had z propounced heated flavor and eoder.
) The heated flavor and odor persisted for severazl days afier the
butter was made but the intensisy decressed so that sfter four

or five days it was very slight.

B, Determinaticn of puxbers of bacteriz in butter.

The
mined by meang of the »nlnts count. A swall sawnple of the
butter wos oarefully melted in a Vetri dish and after a
thorouph mixing of the melted butter one milliliter was trano.
ferred to o water blank shich had been warned to B5° ¢,
Dilutiong were then made in the usual mannsr using previously
varned water blenks, The matrient medium ussed was besf ine
fusion agar adjuesed to pH 6.8.7.0. Ths plates were inoubated
four days at 21° C. In the case of butter made from cream
sontaining buttey oulture as well as the Mayapple organien

nuber of bacsteria pressent in the butter was daters

only tha Hayapple colonies were counted,
Ge Determination of the total 2014 volntils acid in bubter.

The total smouht of aclid pressnt in ths butter was detede
mined by dissolving 10 grame of butter in 15 ml, of ethyl
slochol and 35 ml, of ethyl ether and titrating with tenth
normal sodiwm hydroxide, using phenolphthalein as an indigator,
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The ancunt of alkali requiraed w11l be referred to g the zeid

value of ithe butter.

Tae amount of wolatile aecld present in butier wasg detep
mined by stesan diatilling 500 grass of butter and titrating
tha firat 1lliter of distillatzs with ftenth normal sodium hydrode
ide, unsing nhenolnhthalein as ~an indicator, Ths amount of
alknali renuired to neudbralize the aoid in the liter of
distillate will be referrad to as the volatile scid value,

De Dotestion of fat hydrolysis by bacteria in media othay
than butter, |
In studying t}m ralationshin of bsosaria %40 ransidity

in butter variouns styaina of the Hayanple organism ware ine
poulated into oream snud the eraasm churned, ~uch g procedure,
howevar, is very tme oconaming and it iz dsoirable to use
aone more conveniant method for the deteotion of fat hydrolysis.
A prosadurs for sthis has been dssoribed by Turner (20). The
nethod 18 based om the faot that Hilawblue sulfete sote az a
specific dye for ataining wasaturated fatty nocida, The bad-
teria o be tested are grown on the surfags of agar contain.
ing Hile-blus sulfate and an emlsion of fat. After fate
splitting organisms have grown on this mediwm the wsatursied
fatty acids liberated are otained s deep blue by the absorp-
tion of the dys from the surrounding mediuwm., The absorption V
of the dye from the agar leaves a clear zone extemiing ocut
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from the area of bacterial growth., The emilsion of fat uged
was made either by emulsifying cottonseed oil with india gum
and, after sterilization, adding this %o the agar or by add-
ing oream to the agary. ’

In the studies herein carried out the usual method of
pravaring an emulsion of fat was as followa: Two to four per
oent of olive oll or butter fat was added to 100 ml, of 0.5 per cent
agar solution and sterilized, After storilization the mixture
was cooled below the solidifying point of the sgar. To make
the emulsion all that was now negessary was to shake the mix-
ture vigorously. Thia gave an emulsion which was Tinely enough
dispersed to give exsellent results when mixed with the nutrient
agar. When butter fat was used it was neceszary to warm the
mixture to & point slightly above the melting noint of the fat
befors shaking because of the tendenoy toc churn,

File-blue sulfate was added to beef infusion agar at the
rate of 0.8 ml, of a.10 per cent asqueocus solution of the dye to
10 ml. of agar., The Nile-blue sulfate was added either before
or after the agar was sterilized, %hem added after sterili-
zation of the agar a sterile solution of the dye was used,

To prepare plates for inoculation with the organlame one
milliliter of the fat emulsion was placed in a Petri dish and
10 ml, of agar, %0 which the dye had already been added, wsas
then poured into the Petrl dish and the two mized, The plates
waere inoculated, after the agar had solidified, by streaking
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‘8 loopful of e litems milk culture of the organism ovsy the
aurface of the agar. One plats could be used Lfor a number of
culturss by marking the bottom iato z mumber of aress,

He Heasurasment of protain hydrolysis,

The zotior of the organisma on the proteln of milk vas
deterrined in the following way! Sterilc skiv milk woe Yo
coulated with the vrgenism %o be siudied sud inoubnted at 20°
¢, for one week, The fermented milk was soidified with
glagial acetic acld, a2t ths rate of one millilitex of acid to
250 wl, of milk, end hested to 60 €. in a vater bath to firm-
1y flocculate the inzoluble material, Followingy heating the
nilk was cooled in a water baﬁh, Tiltered through naper and
the whey used for the defermination of the soluble and the
amino nitrogen. The Sunning-KjahldahleArnoeld method was used
for the solubls nitrogen nd the Van %lyke nrosedure for the
anino nitropsn, The reemlts of the anslyzes are sxnroased as
the ingranse or decreass in the milligrams of nitvogen ner 10
wl, of zhay, 22 compored with the wnincoulated conixal,
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Ve RISULTS OBTAINED

A, Distrivution of the orgsniass in dalry products

Orgsnisxa vesssbling the cultures secured fyrom rancid
butter have baen 1solated from a considerable number of ssmples
of varlous dalry products. Some of theszs samplee, mainly ioe
oresm, were apparantly normal at $he time the orgunisms were
fsolated but most of the cultures were secursd frokn materials
which were abnormal in some raespect at the time the plates
were poured,

In comnection with a study of the variations in the baso-
tarinl content of ice oream samples were shipped to the
laboratoyry frow vwarious ice oream plants, both in Iows and 4in
other states. Triplicate sets of plates were poured from the
samples and one of the sats was incubated at 7.2° ¢, On the
nlates inoubatad at thils temperature colonies developed which
were similar to the colonlesn devsloping on the plates poured
fron the rancid butter, The colonies were ploked into 1litmmas
milk amd, after inoubation, the characteristic acld ring and

Hayapple odor were present. Cultures ware secured from 12
samples of normal ioe oresn. Fleven of thase snmples came fyom
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Iows facltories snd the remaining one came from Tennessen.

Ths preliminary work indlosted that the organism was re-

sponsible for a ranclid condition in butter and as the isolation
of cultures proceeded other gamples of ranocld bulter were
examined, A nusber of samples of abnormal milk, cream and
evaporated milk was also examined,

8nRee buktez, Amommal Butter from
tﬁ:e following sourcss was examined,

l. Twelve samples of butter, wmost of vhich were consider
od to be raneid when raceived, were sent to the laboratory
for analysis, PFive of these samples ware from centralizers,
gix woxrs from cooperativse ¢rsameries, while the souroe of the
remalining sample wa unknown,

Two of the gsamples of centralizer bulter came from
I1iinoieg and the Mayappls organism was gecured from one of
them, The other snpuple ylelded an organiem which was also
oapable of producing rancidity in butter but it belonged %o
an entirely different species. Samples of entralizer bubtter
ware also seoured from Xansas, Minnesots and Virgintia, one
snmple from esch state, and ocultures of the Hayapple organism
wore ssoured from each of them,

The six sampleg of butter coming from cooperstive

oraameries wore from Jows plants and were sll oonsidered to
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be raneld when received. 4 fypionl Mayesplo orpanism vos
ignlataed from each of them, Yost of thoane srmplisg vwere made
fron suset orenp and the butter had a2 low =21t content,

The ranmsining gsmmle of wutier was wore tallowy than
rancid vhen rageived and repoated atlennts o lsolate a Haye
apple organian Zrom it ware wmsuccassfal,

2. 3amplas of butter from o mumber of Towa planis urs
aent to the Jowa Butter Control Laboratory asnch wonth for
mnalysise Thaze samples are packed in nint glaes jars and
gont without refrigerntion. Jccanlionally a samples of {his
utter {8 rancid vhen reosived, Nine of theze ranctd gamples
nave been nlated and tynicsl lsyanple organisms isolated from
211 of thew,

3. Ten azmvlzs of butter vere sescured frow s study om
keening quelity of this nroduct. The butier come from coope
erative crenrneries apd wae of good quality vhen receivad, The
umnl procedurs was to hold the samples at roow tempexature to
deternine the length of time they wonld zemsin in o maorketsble
condition; at stated intervals the butter was judged, Fgeh of
the seven sapnles which developed definite rancidity ylelded
the Moysrple organism. A sample which developed n yeasty
condition anl $wo others which became malty did not yleld the
Eayanple organism,

4, Four sasples of butter made in the laboratory during
2 miscellany of studies on butter deterioration begame ranoid
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from the ring of acid ocurd al the surface nud the odor, thet
they were of the Mayanple type.

2. Two szpmles of akim milk vere slloved to remsin in
the refrigerstor until oo obuorwal odox hnd develoneds ™hen
tnesa gamnles ware plated i lsixs paroentage of the solonlen
develoning were ol the Yayanple tyna.

A sample of high grade raw milk, originally brought
to ths laborstory for s bacterinl ocount, dsveloned the
characteristic Hayopple odor ofter standing in the refrigorator
for several daya. The “nyapple organism was easlly secured
from this milk by nlatinge mmd plcking the ressulting colonies,

Thres anmples of oreen,
all showing abnormal cdors vhich suggpeated oither rancidity
or the MHayappls odor, were examined, The sawnles were from
pagteurized suprnllies and the abnormalitiss developed after the
asmples h&@ Been held in an 102 box for aseverpl days, A
typioal Maysnople organism was secursd from ench of ths three
samnlas, The nlate count on ons of the sarples, nsing bheef
infasion agur =2nd an incudation ef four days at room temper=
ature, was 107 million becterin per milliliter. The Mayepole

mode up %3 per gant of the totzl flora of this cresn,

d. Presence ln abr FERL SYENOTARaE Mitis Hilk evaporate
ed to different densisies was prepared for use in an ice coreanm
inveztigstion, This milk was mot sterilized after concentrat-

ing but was held in a room 3lightly above the Ireazing noint,
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Afber sovaral Aoyrn oforsps sonw of e oiik Jevalona? o Yaye
womdls odop. - The Usyaople onganlen was 120inted from milk
with both hipgh ond low condmatralions of a0lids; the odox
geaned to Le most coonousoed In thoe will with the lorsst

selids gontont.

By Idontity of the sygaonism

Af¥er B1 colturss of the ¥ayarple orgunism had besn
isolated thalr syssomastic study was undartoken with the objeot
of idensifying them. The culinres wers purified by repsnted
platings before being subjected to thia stwdy. The Mayaprle
organise was found to produce thyee distinet types of ovloniaes,
9y O end B, when grown in laboratory nedla. ¥ack of the types
difwred soneshat in blochenloal solftivity and, bevauwse of tnhle,
dJegarintions #ill be given sevarataly. “mly the chsragtere
istiog in vhich differvences werw nota! will be rapsated in the
dageriptions, The desorintion of the fynes follows:

HOHPROLOGY

FOIB « s o 2 o & » v.mgrgmimmszo&smséﬁ%k

rouhded ends,

BA%0 ¢ « » » s ¢« o « The organioms veried in size from

De5 %0 0u8 by 1.0 to 3.0 mlorons,

Arrangemett . . . o Then grown in wilk and bouillon the

crgaxisn ogourred singly, in vaira,
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Kﬂtility . & w 5 @

Spore formation. .

CULTURAL CHARACTZRIRTICS

Agar Blopes . « .

Agar plate
colonies . . .

Gelatin

€« * & » &
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and in ohains, Certain oultures were
mnde up almost entirely of short chains,
The organiam was gram negative., I%
stained readily with other stains.
The organiom was motile by means of a
polar flagellum,
The organism did not form spores.

The growth on agar slopes was sbundant,
graylahewhite, smooth and glietening.
The growth frow some of the cultures
studied was ropy but with others it

was8 not,

The asmoosh type colony was oconvex,
glistaning, swoothwadged, amoothe
sarfaoced and opaque; in some cultures
1t was ropy. This type of colony waa
considered to be tha normal type beow
cange it was engountersd wost often in
isolations from variocus dairy producte.
Gelatin was slovly liquefied, the {ype
of ligquefaction changing from orateri-
fors to stratifomm, ZEven after long
periods of inocubation the liquefsotion
never extended o the bottom of the tube.
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Bouillon . . + « « . In bouillon a pellicle was usunlly
formed and this was followed by a
turbidity whioch gradually extended
to the bottom of the tube, The
pellicle was delicate and was easily
broken, after which it settled to the
bottom of the tube. Unless the tube
was shaken the turbidity was ordinarie
1y very slovw in extending down the
tube,

PotAto . . « « + » « The growth on potato was echimlate
to arborescent, raised, and gliaten
ing, and became slightly brown on
sxtended incudation.

Litumas milk . . « « The action of the organien in litaus

| milk was cuite characteristic. The
first change notsd was the formation
of an aold ring at the surface.
After oonsiderable time s coagulum
wag formed at the surface next %o
the wall of the tube., Only after
extendsd inoubation was all of the
milk oovagulated, Aocompenying
$his change was the production of a



BICCHTMIOAL VEATURES

Gas formation . «+ «

ALl o v o « « + «
v&g&*m&sm“ . w
fim:{ TEl o o v »

Ritrates « « « *

;@t}nia..,.,a

Ragation change « .

. O

characteristic odor resembling that
given off by the flower of the lHaye
apple, Hesults of the soluble and
amino nitrogen determinations indiecate
ed that there was a slight proteolytic
aotion on the nitrogenous constituents
of the milk.

Ko pas was formed in milk or from any
of the fermentabvle substances used,
The organism did not produce indel.
The organism was V=P negatlive.

The organism was MR negative,

The orgonism 414 not reducs nitrntes
to nitrites.

The orgnnism produced ammonia from
peptone.

Aeld was formed in bouillons containe
ing arabinose, galactose, and glucose,
Aolid was not formed in boulllons cone
talning glycerol, lewuloss, mannitol,
sorbitol, lactose, ualtose, sugyose,
saliocin, raffinose, Ainulin, dextrin,
or starch, After lony inmsbation
periods the remotion of the cultures
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in which acld had been formed became
8lightly alkaline. Tubes containing
substances which were not fermented be-
oame alkaline rather quickly

Action on fat . . . The organism hydrolized butter fat and
olive oil.

Temperature relationship
The organism was psychrophylic. Fo
growth was observed at 37° C, but the
organiem grew well at 20° O, and at
109 ¢., and slowly at 3-5° @,

Oxygen relationship....The organism was aeroblos,

Heat vesistancs . . The organism was very sensitive to heat.
Only one of the five cultures tested
survived 68.2 (. for 10 minutes and
nost cultures were killed by very much
shorter exposures than this, Incte
bation of slope cultures at 37° 0.
for several days killed the organism,

O TYPE, The O type of Mayapple orxganlsm 1s characterized as
follows:

O type colony. The intermedlate type of colony was thin,
translucent, smooth~edged and had a smooth surface, The con~
sistency of the colony was comparable to that of a drop of

a weask starch gel which has been allowed to flow in a thin
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layer. These colonies were never ropy and, in general, remain~
ed quite stable.

Litmus milk . . . . Litsmas milk culturées of this type are
rarely coagulsted and exhibit only a
glight reduction of the litmus in the
bottom of the tube., This type 16 less
proteoclytio than elther the 8 or R type.

Aotion on fat . . . Usually the O type does not hydrolyze
fat although scme strains have this
power,

In other characteristics the O type
colonies resemble the S5 and R typss,
R _TYPES, Three types of R colonies varying in degree of rough-
ness and opaciiy were isolated during the investigation. The
characters given below are only those which are different from
the S and 0 types.

This type was thin, translucent, spreading,
flat and bluish, with irregular edges and a smooih surface,

It was found to be relatively stable and possibly was an inter-
mediate type between the 8 and R colonies, The Rl colonies
usually were larger than the smootih ocolonfes and never became
as opaque., By following them through several platinges a tenden-
oy io change into one of the other rough types was noted,

R2 type colony. This colony was thin, translucent, rough-

edged and wrinkled and was larger than the smooth type, The
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colony was very Sourh and usunlly the entire colony could be
romoved from the agar with a needle, With extended inocubation
gore of the R2 colonies became tinged with brown and had the
appearanoe of a thin, transparent brown nembrane,

RZ $fyne golony. This colony was encommteresd only a few times
ang waz found $o be unatable, It was onamue, vhile, ralsed,
the surfage wes rough and the nargin was irregular, It proe
bably was s mixBure of asooth and yough colonies.

Titms milk , . « » The aotion of the B coloniss on litmus
ailk differed only in degree from the
action of the 9 colonles, They were
leas proteolyilc than the 3 type and
ware zore proteolytic than the O type
colonles,

astion on fat . . « Thers wne soma variastion in the sction
of the R colonies on fat, DPart of the
cultures yieldod N tyneg which hydrolyse
et fat while the R types from other
cnltures 4id not produce this change.

The systematic study of the Mayapple crganiem $solated

fror warious smormel and a2bnormal dalry vroduets revealed that
1t wno an ayoma~produsing, polar-flagellsted, psychivelphilic,
fatesplittins bavterimm, There have heen a mmber of speciss
desoribed wmhich chow some of the oharasteristica of the May-
sople typa.
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Identifiontion of the Hayapple organism with orgenisns
already desoribed is couplicated by two factors: (1) The
incomplete descriptions of the previously desoribed species,
including their action on fat and, {2} The fact thet three
stable varianis oould be secured frowm the layapple organien,

The variant types of the Kayapple orgenism possessed character
$stics which, had the variants been secured from separate
sources, would have juatified placing them in different species,

The following possibilitics moy be considered in the identi-
fioation of the Mayspple organiem: (1) That she organisms is
a previously undescribed speciea and that a nev species name
should be given 1%3 and {2) that ench of the ocolony types had
been described as asparate speocies and opuld be brought
together in one apecies with the knowmledge of colony wariztion
now available,

Thers were two maln characteristics by which the Mayaspple
organiagm ocould be traced to previously described species, The
first of thess is 1its actlion on fat and the sscond iz the odor
produced in various media and which 1c here oalled a Hayapple
0d0T.

Some of the fate-gplitting organisms which havs been
describad and thair pogaidle relationships to the Mayapple
gpatles are Ziven below,

ince the vork of Orls-Jenssn (75) thare has been a tendenoy
to consider Pg., flu

sng 88 the moat inportant apsclies oone
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carned in $he production of rancidity in tMattar. Althourh the
Uaya-ple organisnm gnlifies for the genus Paendononas it oannot
ba considersd identionl with Pg. {lnazra
at 37° 2., 911 not refucde nitrntas, and nrodused an acid ranction
in 1litms eilk,

Haag (13) has zeported thet Pasudomonas pyogyansey
(casudononas asmuginesa (Sehroter) sﬁis’ala) wag capable of
gnlitting fat. The Mayap»le organism differs from this species

3 23 1t 414 not prow

irn ths following respects; slow liguefaction of gelatin, ine
ability ¢o reduce nitratesn, fermentation of arabinose, galao-
tome, and glucose, and inabllity to grow at 27° 0,

ag non-liguafngisns Bergey ot al (Bacillua

fDuorsscens poprllougfacisns Fisenberg) has bsen isolated from
ranoid butier by various workers and considared to be sble to

hydrolyze fat. In some respecte the desoription of this orpan.
iam agress with that of the rough type of the Mayapple organw
ism, Tha colonies were deseribed as belng fern-like, pelatine
vas not ligquefied snd nitrates were not roiucsd., Litmus milk
vas reported vnchanged which 12 unlike the action of the Hayw
anple type.

Thers have been a fow aroms-nroducing organisas $sclatsd
whose desseriptions it rather cloasly the dascorintion of the
Yayapple organism, It is unlikely that any group of individuals
would all desoribs in the anme way the odor produned by the
Hayavrle organism, Tor this rsesson too mmch importance should
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not be placed on the kind of odor produeed by the organisu and
more emphnais should be placed on 1te blochemical activiity.
The several species which have been reported o produce 2
stravberry=-1ike odor saem to agree in several ohoractsys with
the varioua colony types of the Mayapple oxganisn encoumtered
‘uring this inveasigation.

Gruber (12) isolated an orxganlam, Pagudomonns ;
from pasteurized milk whioch had been held for a considerable
period of tims, A styravbeyry odor developed in this milk and
Gruber attributed this odor to the growsh of Da. Ixagariae II.
Fhen the organiam was gyown in other media the stiravberry odor
also developed. “hen grown on gelatin plates the coloniss

were large, roumd, arched, dirty-whise, and glistening. The
organism was rodeshaped, was moiile by weanas of a polar fla-
gellum, pepsonized gelatin, and ocagulated milk by the pro-
duotion of scld, It grew best at 18-22° C, and did not grow
at temperatures above 34° ¢, This organism agrees rather close-
ly with the $ type ¢olony of the Hayapple organism,

craber (11) tsolated another stZawberry-arome producing

onng Lragarise, from beets. This organice was
a pon-spore-~forming, fluorescent, gelatin nop~lisusfying speclies
with 1 %o 9 polar flagella. The colonics were described as
dow-dyop like and bluish, round, raised, shining and transe
went, Hoth salted and unsalted butter containing the
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organisn developed & stravwberry odor after 1% daya., This
degeription agress in nmany reapects with the description of
the 0 colony type of the Y¥ayapple organism nhich, as will
be shown lnter, d1d no$ produce a raneid condition in butter
but d4id producs the typlesl Meynpple odor.

Riohholz (5) isolated a stravberrye~aroma producing OTgane-

gotorinm fragl., from milk shioh had been held several

days at 3 & = 7° 04 It was a non-spore-forming orgenism,
vhich was killed by heating for IC minutes at 50° €, and by
10 minutes at 75° O, Eichholz describazd the colowies as
forming rosetteo and daiay-llke patierns on gelatin, On sger
shrecks ths grovwih was sseily remowed mt wap nelther sticky

noxr aiimy. The orpenise was not fluorsscent, Heither zcid
nor gas ves formed ln milk and the mllk bsozwe alkeline,
"he deaorintion of %his organism ggress in many respects
with the dezcxiption of the R colony type of the Hayarple
organiam,

Fron $he compariason of the characterizstics of the three
Hayapple tyves with the Shree desoribed speoles it is evident
that they are iderntloal or at least are c¢losely related, Two
o 3the species were isclated from milk and 1t is not unlikely
that thay wore different colony types of the mome organiem,
The other species was lsolated from baets but 1ts character~
istios are 30 naarly identicsl with the other %wo speciss that
£t ig alsgoe possible for 1t to be s Tariant ocolomy type of one
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larpe peroentage of the oceganisms appearing on plates poured
dirsotly from the ropy wilk vas of this $ype.
The ziudies on the tynes of colomies ocourring inm pure
cultures of the Meyapple organism sere divided into (1)
those on cultures purified by plating and {Z?) those on ocultures
murified by single gell isolalions,.

2e

Variations in the tynes of colonles produced were studled
Ly using beef infusion agnxr plates (pH 6,8) poured frow iLwo
day old litmus milk oultures of the organlum and incubated
st 2092, After a few platings had been mads the amount of
the inoculww could be 30 controlled thatl $he colony dlsiri-
bvution was satisfaciory. Aftaer colonles had developed on the
vlates a systen of geledtlive picking was used whereby one of
zach of the colony ty»es appearing on the piates was picked
inso litmus =ilk, This proocedure will be reforred to ag
*macoessive selective platings? in the following descriptions,
Thase new litmus milk cultures formed the inoocula for the next
plates in the saries. At no tiame during the dissociation work
wvas any material such as dye, lnorganiec zgalts, or disinfeotants
used $0 bring about changes in colonmy form aliboupgh litomis was
vsad in the milk,

Tha value of purifying culdurzs of bacteria by soume tech-
nioc which utilizos single cell 1solabion nas besn repesatedly



-
exrhiasized durine raoent years, Toza invostigslors think thaf
thin 13 the only nragedurs which ={11 ramld in jurs enltures,
Nthar bagtariolorists, vho conrider that n11 bactaeln hove pn
fariaible or filterable stnge in thatr 1ife orales, beliasvs that
shin matho? of =urifiestion doen not negenzayily yisld o nore
onltnys, the obiention baing the® cope of the ‘nvieibls forms
sy be corzied along with %ho aingle viaille eell and son-
S=pdnete thy oxlture. “hile this ‘g o vnlid obiection there
1w not emourh ovidenes nr %o the silalenoe of these ?ﬁﬁ B
perpdd = definite conglusion,

Ta apite of she objections o the 2ingle eell nracedure
the method was vasd Tor ke cueificadion of sone of the vrisng
$roens of the Wegsrmlae ormndan.  The methot of Uright end
Baxajive {73), in vhich the siugle oell 45 incowletsd Into »
aandl dyoplet of madiue and inovluled over » nelst ohryber,
wrp amployed, A& Lelir micropssipulesor wes uged for carrying
out the zsghnnionl pars of the prosess,

The wvoarisnt fye s uned for aingle oell icol:tions weve
sooyeed from tho stuodles denling wilth polony warintion in
cultares vurified by plating, From thres of these oultures,
(A, B, nnd D), 9, 0, snd R varisnta ket already been cecured
snd nttexnts were mede U0 230urs sinyle coslls frow esach of
tham, Only 9, and O type variants wars sesursd from oulture
¢ and thes2 ware uaed for single ¢all {zolztions,

Same of the variant sultures oroduaded 3 =liay mtarial
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which made siagls esll isolations impossibls., Tith these
caltursa the ¢ells stuck together and a droplet coulé mot be
securad shich contained one organisnm,

Culture A, Aftsr several preliminaryy platings ocuiture A was
plaged on besl infuszion agsy and the plates incubsted st room
temperature, Followlng a two day inocubation period a large
nercentage of the colonies appearing on the plntes wore of the
% typs, although n few O and a few Rl ooclonies were present,

A repragentative of ecach of thaze types was ploked into 1itmus
milk and incubated at room temperature for two days. The
cultures originating from the coloniss picked served as the

starting material for the platings which are recsorded below,

B _tipa. An 3 polony from the original plating was passed
through eight sucocessive asleotive plztinga., The polonies
sppearing on the plates of the antire series were largely of
$he seme type a8 the pémnt oolony. On five of the sight sets
of plates only 9 type ocolonien were observed, Varinnt colonies
appearsd on nl:atings two, three, and seven., The variant
colonles appearing on platings two and three conaisted of a
few O colonies, These were plcked iato litmua milk »nd passed
throngh several succeasive szlective platingg and the plates
exanined for variant o lony tyme. Hons of the platings made
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using the O colonles zz inocwla showed any variation in colony
tyre, From these results 1t was concluded that the O culture
had becuws stabllized, _

The variant colonias appearing on plating aeven consisted
of a few 0 and » few B3 colonles, Heilthaer of these types was
tested for purlity because at this point the entire series of
platings was discentinued and the cultures existing were used

a8 material from which to isolate asingle esll culturss,

Q fyns. The O type colony coning from the originel nlnting
rag pesssd throwrh eizht sucesssive selzotive platings, There
waé no evidencs of colony viriation on sny of the pliztes in
the geriss, The colony from the 1ot »leting wuo uceed for

the 1s0lation of 2insle celln,

R.typg. The Rl colony coming from the original plating waas
paés@d through sight succeasive selective platings and here
again no variationa were noted. The culture from the last
nlaging was used for the isolation of single eslls,

‘dulﬁurt B, Culture B vas reneatedly ni-ted to make ¢ortain
that it wae pure, Aft:r purificatlion 1% was agaln nlated on

beef Infusion agar snd the plates inosubated st room tempers
adure for $two days, Hsre, as with culture A, ithere were

three tynas of coloniena, 3, 0, and N1, o~ the »l=tas. Tach of
hese tynesz was ouxrried fhrough aight suesessive nlatings and

the plates exanmined for evidences of colony variation. No



variation was obgerved in any of the plates in the series.
A colony from ke =2ighth plsting of each type was used for the
izolation of single oells,

Sulturs C. The {irst nlating of culture 0, after purification,
yislded two types of colonies 9, and O, Both of these types
vare oxxrisd throuch a series of elpght »latings., There was

no avidenge of varistion on =2ny »f the rlnten in the geries,

A oolony from the eighth plating of each tyne was veed as
matarial for the 1solation of 2ingle e¢slla,

Sulters D¢ Following purifieation, the first plating of
culture D yielded three colony types, 3, U, =nd ®l, Snch of
these colony types was used for subsequent platings.

£.3y0e. The S colony was carried through elght successive
platings, The first plating in this series was the oply one
which gave any evidence cf wvariation, The wvariants here con-
slated of g Tew O colonies which when plated yielded only O
calonies,

0 typg. Ko veriation was obaerved on any of ths nlates in
the gerien of aight 2latings to vhiigh the O typa colony was
aubjected,

R _type. The Rl {yne was passed through eight selective suocess-
ive platings and the only variation noted oceurred on the firs$
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plating in the scries, The variants oconslsted of a fow S
coloniss which were found %o be siable during a series of
platings. |
The date presanted on the colony variation in cultures
mrified by ~lating show the varisbility in types of colonies
nrodugad by vure oultures of fat-¥plitting bacteris isolated

from ronoid butter, normal ice oream, and rouy milk,

Oulture A, The first plating of the 3 type fron oulture A
vhich had bsen purified by aingle cell isolation ylelded
thrse types of colonien, 3, O, and N1,

S tymee An 9 type colomy fror the firat plating was vlated
snd the plates ylelded a large number of 8 colonies and a fTew
A2 colonies. An 8 iype colony fro: this source was passed
through five plasings without further evidence of varlation
on any »f the plutes. The next plating of thies oulsure was
made ~fier a veriod of one month during which the culturs
was iransferred ococaplionnlly In 1iimus midlk, This ploting
vielded a large nmumber of 3 colonies and g few O colonlses,
mring the next two sonths there were no platings and the
onltures were transferred ocoaslonally in litmus milk. On
the vlates mrde 2fter this perioed the 5 culiure produced 3
and Rl colonies and the U ecnlture produced meostly O colonies
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7zith & few Rl, The 3 and R2 {ypa colonies which asmeared on the
second nlating of the single o021) culturs will be consldered
next, Then the R2 colony was plated four colony types ware
foumd on the »lates, 8, Rl, R2 and 0, The § and O type colonles
from this source was passed through twe nlatings each and no
varintions were found, The culiuvres were discarded, Tha Rl and
®2 aolonies from this source ﬁrﬁ&ueaﬁ euliurea which ware very
unztable and each of them ylelded every oolony type found in the
entlze investigation at sowme itime during the subsequent plriines,
Diagram 1 shows the way trensformations want, The colony types
infdicated on the left represent the atariing $ype and the
oolony types on the right side reopresont the {ypes ssoured {rom
the original type.

© type. Ths single ocell imolation fron the & % pe colony of
culture A gave no evidenge of ocolony variation umtil the fourth
plating vhich yielded Rl in addition to O colonies. The T}
colony used gave nc avidence of variation during three platings,
aft¥er which it was disc-rded, The 0 colony from the fourth
plating yielded "l and O colontes on the first pladting. An O
colony from the above source vielded no morse warisnt colonies
during tha remainder of the study but there was a tendenoy Zor.
the oolonies to inerease in thiokneas and st the last nlating
it mora nearly avproached the appearance of the 3 type colony
than the original O type, |
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R ting. The single cell oculture from the R type wasz mibjected
$o 12 consecwtive nlatings snd no evidence of colony variation
v founs on any of the nlates in the seriss, At one time in
the triale o nerisd of one month elapsed durins which mo plate
inga ware uade, the onlbure being transfarred occasionally in
litmus nilke After this period the culture was nlated once nnd
ne vardiants ware found on the plates. A colony from thiaz plate
zas cur¥led im lilmus milk for $wo months and at the first plate
ing followin: thig {1 and A2 colonics wers seoured, Further

olatings of Shess tvves were not nsde,

Culfure B, Only one single ¢ell 1solation was uade from oculture
B, This wes from an 2 culture and w-p passed through eleven
moecessive platings without any evidenoe of colony wariation
opourring on any of the »latsa, This agrecs with the resulte
seoured with the 8 wariant from & oullure nurified by nleting
vhers there was no evidence of oolony wvarlation after the first
plating,

Culture C. Singls cell isolations were made from the S and ©
variantas of onlture C, A rough type 'mﬂant wa® Aot asecured
from this culture orevicus to the time the single oell 120labw
ionz wersz made although one was secured from cultures purified
vy the single cell technio.

8 trne. The 3 type variant was passed through six platings
before any svidence of variation ooourred. Colony variants ware
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not saocured =ven aftar the oullure had remsined in 1litmus milk
for a one nonth nsriod or affer an addliional two month holding
rariod in litmus 2ilk. Howewey, the sacond nlating after ths
two ponih resting nsriod resulted in the sprearancs of 3 and

' tyne coloniss, The 8§ oculture was garrisd without veriation
throusk two more plntines while the O tyne remained pure for
one wlatine angd than reverted entirely to the 9 tyne.

The results secursd with the sinple o9ll oultures agree,
in genernl, with those secured with cultures purified by
7»1i2ting. The only difference boing in that varistion was more
svident with the culture startin: from gingle oalle,

¢ tynge The O type variant of culture ¢ proved to be :xtremely
vaTiabls, Although no variant oolonlss vere observed on the
first two platings the third nlating ylelded both O amd F1
colonise, »ach of these agoein produced both 0 and Rl colonies
when plated. Taesge variand oultures were passed through seven
successive platinga and on cach of the plotings fron emch $ype
thars appaared both O and K1 colunles. ¥Frow: the aixth plating
of the 2 type variant theze was zecnred O, 71, and R2 colonieq,.
This wmarked the firat appearance of K2 colonies from culiure
C as R2 eolonies were noever ssoursd from the strains of aulture
¢ that had beoun purifisd by plating.

A marvey of the data seoured using cultures nurifiecd by
singls oell technic revenls that in these culturses colony
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variation was very svidant, The remults apgres with those
gecurad by the use of oultures purifiad only by plating.

The aost Ftrikin- thing asboul the single 221l isovlationas
was the faget that even gzreater vsriation was seoured with tha
culburas purified by singloe cell nmeans than with cultures purie~
fied by plating.

De Differsnces in biochemiosl astivity of the wnrinnt
type colomiesn,

Fumsrous renorta have bean made eoncerning the differsnoes
in the blochemieal asotivities of the dissoclated atrains of an
organiem. Hadley (14) has shown that during discoclation
Baeillus nyocoyangousg loses its power to produce the blue pigsment
pyoecysnin, He also reported that the R tyne of B. pyocyansus
was muoh more inactive biochamieally than the 3 type.

Firtsch (8) has indicoted that two variants of Ju
pzoteys seoured by him (C and R types) havs reduced gelatin
liquefying power,

Bramm and Schaeffar (3) reporsted a diminution of proteo~
lytic aotivity in O types of Proteur 19 gecured through the
influence of phenol and on a stayvation medium,

Balteam (2) found that o variant from Vibxio gomma showed
2 slower digestive action on gelatlin and a slower cosgulating
action on milk than the culture from which it cane,

Joule (28) working with B. subiilla, reported that the R
type liquefied gelatin muoh mors slowly than the 3 typse.
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Twhlin (31) atudied an organiem ressubling Basillus
yulgatus and found thal it dissooiated rendily but thot thare
wngs no difference in the blochemical activities of the dirssooi-
anka,

G11bert {9) studied 44ssociation in an encanoulated
Staphylococous but found no differences in the cultursl charaoter
i=2tios of the warious colony tyvea,

Beoause of ths relationship of the Mayapple organism to the
produgtion of raneldity in butter and the hydrolysis of fat the
aotion of the varisn¥s on these materials was investigated,

The data presented in table 1 shov the resulte of a etudy of
the action of the four initial cultures and the varimants secur-
ed from them on Kile~blue sulfate agar containing fat, The
results are as follows: In general, the 8, 0, and R1, R2, and
R3 typae isolated from oculiure A hydrolysed fal, Ons astrain
of the O type was seoursd which d4id not have thie ability, It
was found on plates poured from an S oculture vhich hydrolyzed
fat, Norphologienlly this O colony did not differ from the O
colonles which hydrolyzed fat, Table 1 also shows that the S
and R types colonies from culsure B hydrolyszed fat while the 0
type ooclony did not produce this M. Both 3 and R colonies
Zrom oulture ¢ hydrolyzed fat whilé the U $ype colomy did anot,
Later an R2 colony was seoured which did not hydrolyze fat.

The S type colony of culture D hydrolyzed fat while the O amd



R types did not,

Tabla 1. Ability of the original cultures and the
variants seoured from them to hydrolyzs fa%,

i ~——aing.2l Solony.

1 3 ; ] : :

1. OTiRiR $i RA..1 R2 3 R%

1 ] t t T
A : + f b 2 He) 2 o+ 2 et e
B 1 e T & i - t & 3 :
c $ - T & 1 t t - 3
B H - I # § - - O H

H 3 e 1 3 3

+ » fat hydrolysis
= w 0o hydrolysis

These data indicete that there was a diffserence in the
1ipolytic aotivity of the differant variants secursd, No%
omly this but there was a diffsrencs in the lipolytic aotivity
in the game oolony types secured from different oultures. Pox
insiance, the 0 colonies of three of the oultures studied were
unable to hydrolyze fat while O colonies of the fourth oculture
wers variable in this respset, that 18, some of the 0 colonies
sepured hydrolyzed fat while others did not.

When litmus millk culiures of the Hayapple organism became
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0ld a thin 1nyer of yallowlah whay that oollacted at the sum
fage of the oocagulated milk suggested proteolysis, This con-
dition was notsd with both £ and B types, The action of all
of the wariants on the nitrogenous constituente of wilk was
stndied by deternining the soluble and aminoe nitrogen content
of milk in which the organisn had besn grown, The four cultures
used for studyin: colony varinmiions, and the wvarianis seoured
from them, ware investigrted, Soluble nitrogen determinstions
ware mmde on the original culturee and the variants seoursd
from platings one and two., Aunino nitrogen determinations were
usmlly made on cultures sscured frow platings ons o seven

inclusive,

Table 2, Aotion of the parent oultures on the
nitrogenous oonstituents of milk,

- v _
H Ingresss over ths consrol
3 , : ‘
. s 2
L Ampo X 3
) ngR. . i
3 3
A 4 an& : 3
B FH W.ﬂm $
¢ | . H
D $ w.ww H
i - 8 b

Table 2 gives the soludle and amino nitrugaen increazes in
milk secursd with the four ovarent cultures, The results show
considerable variation among the different ocultures with respeot
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$0 their ability to hydrolyze milk prodeim. OCultures A,

B, and 1 gave lurge inoreases over tha controls in the zmount
of soluble nitrogen whils culture C possesssd s relatively
waak aotion on milk nrotein as judged by the inereans in
soluble nitrogen, The values for the smino nitrogen show
dafintte inoreazes with oultures A, 3, and 0 while oulture

¢ gave only n very small incrense in amine nitrogen,

Table 3 pressnts the results of the soluble and aming
nitrogen determinations or the wvarisnta from ocultnre A, Fron
the resulia secured 1t iz evidant that there wns a marked
differancos in the proteolytic activity of the different colony
types. The original culturs caused an increasze of 16,16 mgnms,
of nitrogen par 10 ml. of whey. This value was comparable to
the inorsases ¢aused by the 5 and R type colonles from this
culture, The O {ype colony vnroduced a much amaller amount of
scluble nitrogen in milk than sither of the other wvariasnts,
The results of ths determinations on the segond nlating show
that the 3 type colony was the most proteclytic of any of the
colony types examined. The Rl type colony poasessed a atrong
proteolytic action but 1t s definitely less than that showm
by the § type. The O typs colony was only sbhout hal? as
active as the Rl type. The amino nitrogen inoremses shown by
the wariant cultures are of the same order as the soluble
nityrogen inersases. The original culture showed an inorease
of 1.88 mpms, of amino nitrogen per 10 ml, of whey. The 8



b’j}‘-‘

Teble 3, Action of the wvarlanis of culture A on the
nitrogenous constituents of milk,

; Increage over control
H N % - of
: [}
Syl ture F 1 9alnt
‘ ' ) ogme, ! RERE .
: :
Original 2 1.8% H 16,16
) :
Pirat plating H t
3 | %.80 :
o : 1.01 t &.ltz
R} H 2185 H 150?
H 2
Seoond plating 1 H
s 3 g 33 ] 20.41
0 H N $ 8U8
Rl ? 2,98 : 17.2h4
2 :
Third plasting H H
3 : 3"% $
(4] 14 3% 4
Rl H 2.51 |
! H
Yourth glating s 5 H
H o :
Rl H 3,02 3
3 H
Sixth plasing H :
8 ! 8.31% H
0 : .% H
il ; 2. 3
H
deventh plating ¢ 3
8 H{ E.Zg 3
0 H 0. H
HY 3 2«23 H
, 3 3
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type colonlos in aldl six of the Geterminnt.ons made cansed
graster lnoresses han the originsl ounliure, Noxzt %o the ©
tyve colony the Rl iype vroduced the grentent ingrease in
smine niterogen. In sach of the six dsisruinations thse O
tyne oslony vroduged the smallest incrense in amine nitrogen
of any of the three typas examined,

The data conoerning the degradatlion of milk nrotsin by
she warisnts of culturs 5 axe presented in iable 4, The data
secured with the original culture do not agres with those fop
oaulturg A slace with cullure B, a high solubls nitrogen content
was found but with it there was a wery lov amino nitrogen OO
tente Toan tha aotion of the warlous colony tynmes i3 consider-
ed the 32me general situation exiasts, however, that existed
with cullure A. The volues gsecured for moluble nitrogen show
large inoreases for the 8 type and incressss vhich are about
one half of these for the R typ culture. The amowmt of
so0luble nitrogen formed by the C type culture was very low,
being 0436 mams, per 1C ml, shsy in one cass, and 0,16 mgnms,
in the other, This does no% voupare with the 0 type from
culture A whare the valuss for the O type wore high., It should
be noted hexs thaut the O typs of oulture A was gble to hydrolyze
fat while the O type from culture B was unable to do this,
“hen the anino ﬁimgan values are considered 1% is asvident
that the same raslationship between the Ltypes exlsts aa for the
soluble nitrogen, Hers agaln the I tyve produced the highest
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Table B, Aotion of the variants of culture B on the
nitrogenons constituents of mily,

3
H Inmm mm ﬁzxe m:ml
3 . ' %)
H : ‘ '
: BEns, : s,
original 3 0.76 : 23,10
: :
Pirat nlatin $ )
?g ne 3 ”3.06 % 1§.§
4 4  § .
;4 ] G:a | o5
- 3
SOy @1&‘1’% b ¥ .
24 1 2e g  } 158, 4
B | Qs 4 T«0
] t
Third plating 4 - g
8 H 1‘9? b4
4] 3 Gﬁal $
R 0.63 H
E 4
Fourth plating t ]
g H 23.? H
141 4 (3410 H
’ 3 77 2
-4 ¢
B5ixth plati 4 H
I}g ad 3 .24*‘1 4
o : -rﬁ,gé 2
R t 047 %
4 :
Sevanth plating ¢ t
2] t 1.7% s
L§] t el ]
R H ﬁ,ﬁs H
SO Ko "
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amino nitrogen content while the R type had a comparatively

lov value., The O type did not Increasc the amino mitrogen Conw
tent of the milk but decreased it in every case exzcapt ons,

In ¢he one case wh:re the increase was noted it was so small
that no signiflicance gan be asoribed %o it., Frobably also

tse alight decreases are not of much significance although
they ware fairly coasistent,

The action of tha variante of culture ¢ on the nitrogenous
conshituents of wilk is given in table 5, A survey of these
data zhows that with the originzl culture there was & very
s8light increase in both ithe soluble and amino niirogen. These
values are wnmenally low and there is the poasibility sn O type
culture was used instead of an % type, The values for the
goluble nitrogen produced in skim milk by the 8 types ave
lower than the walues for the gorresponding itype of cultures
A and By, The 0 type agein showad little proteclytic activity.
A rought type colony was not svalleble from cultures G, when the
determinations were made, The inoreases in amino nitrogeit in
uilk in which the variants from culfurs ¢ had heen gromn were
very low, However, the value for the 8 tyne was higher than
the value of the original sulture and this may be sxplained
in the smwse way as the low soluble nitrogen values for the
original cultuxre, The valuss secured for smino unitroren for
the 9 types were far bLelow those secured for the S typs of
culture A and B, Also the values for the O {ype were lower
than the O type wvalues of oulture A but they agree with the
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Table 5. Actlion of the varinnts of oulturs € on the
nitrogenous conatituents of milk,

: Incracas over the control
H nepr 10 ol x —
H H
$ A% Sa1nbhl
: BEP3 . T - Bgne,
' 3
Original 1 0,17 t 1.76
t H
First plating H H .
3 H 1.03 ? 11,05
Q : 0-03 H ﬁ:.Og
H H
Second plating H :
S H 141;‘3  § 1{4060
4} t «() .08 : «09
H -4
Third plating E H
S H 1.;; :
0 H Qe H
z 3
Fourth »lating H :
a 4 240 ?
0 4 *0. $
: H
Sixth plating : H
3 H 0096 i
€ $ (0.1 3
2 , -

"l
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O type values for cnlture B shere thaere was n 3lirht decrease
in amino nitrogen, 7ith tha O type from culture ¢ there was a
slight deorsase in amino nitrogen in threz of the trianles and a
glight inorease in two, The increases and dasorenses ware both
80 small that they are of 1ittle significance =z far sz the
increase or decrease 1a con¢erned but they are of significenoce
wvhen compared with the actlon of the 3 type cultures,

The data congerning the protein degradstion by varisnts of

culture D are presented in table 6. The snalysis of the origi- |

nal culture revealed thot i% was the least nctive of mny of the
four parent culturse, The values foxr the ssolixma nitrogen show
that the 5 type colony wae less active than the parent oulture
but there was atill considerable soludble nitrogen formed in the
silk, The determinations on ths Rl type colonies shows thet
they werc only alight o»rotsolytic. As vas usually the case
the O $type ocolonles produced very slight ohanges in the amount
of soluble nitrogen present. In the ¢wo determinntions made
one showed an ingrease of 0,06 mgms. of soluble nitrogen per
10 ml, of whoy while the other showed m decrease of 0.56 mgus,
The values for the amine nitrogmm determinstions of the S type
are all oonsiderably lower than the value for the parent
culture, In four of the six daterminations meds on the ")
tyve there was z decrease in amino nitrogen rather than an
inorense. With one of the two remainin: determinations the
incrense was vexy slight while with the other the increase
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Table 6. Aotion of the variants of culturs D on the
nitropencus constituents of milk,

: , .

H Incranse ovey the sontrol
] PSR
: K -
: REMS » ] TG .
H 3

Original : 1.h9 : 12.63
P :

Tirst plating t | 1 )
Saooth 4 G.17 H 5,09
™in 3 ~0.15 1 - Q.gﬁ
Rough t -0,.12 H 0.13

: t

Second slating H :

Smooth H 0.60 : 6451
Rough H 0.05 H 0,18
H ¢

Third plating H H
Smooth H 0450 H
Thin t -0.%? :

Rough : wOu :
H :

Fourth nloting H 3
Smoanth e H 1.0} H
Thin t -4 0% :

Rough 3 0.0k 3
: :

2ixth plating H ¢

Smooth t Db :
Thin H w0el H
Rough H -0,1 t

Zevanth plating .
Smooth H 2472 H
Thin 4 "Oog H
Rough : 24! :

_— et ' i
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In sariez D 211 of the oream wos inoculated with one culturs,
H, am® divided into three »arts, The first nort was churned and
thz butter not saltied; the sacond pordt was churnaed and divided
into two parés one of waion reosived 1 per cent 2218 and $he
other 2.5 per cent saliy the remaining noriion of croan regeive
ed 10 nar gent of bhutter cuifure lLimedintely VLefore churning and
the butter was not selied. An vminoouluted control was included
in the aeries, All of the butter was ssored at 7.2° ¢,

Zeries §© was compossd of butter from coream inoculstad with
veriant oultures ssoured from ouliure A, Veriasnt Iypes 5, 0,
) =nd two R2 culturss were used, None of the butter was aalt~
ed. 1t was stored at 7.2° 0,

Table 7 shows the broteris) counts made on the experimental
buttsr after various holding times, Nu baoterial counts were
made on eeries A,

The countz mrde on the Dutter in series B indicated that
large incrseages in the total musber of orgunisms ococurred, The
- initial ocounts on all of the butter immediztely after making
wag roughly cus »illion baotaris per ml, After three days at
15,5% G, two of the counts hnd increamed to 52 million per ml.
md the other %o 18 million per ml, A 3till further increase
raz evident after seven days holding., The two lots of butter
which hnd the high counts after thrse days again hnd the high



S
countes after soven days. These were of the order of 100 wmillion
Lacteria per nle of hutters The szmple having the lowest count
after 3hree days had iuncreassed only 5 miliion baoteria per ul.
during the addel four deys holding pericd,

The resulta obiained in series U shows the effact of 2alt
on the bacterial content of butter, Thiz is illustratsd by the
fact that the bacterial count on the unsalted butter was 295,000
per al., that on the butter comtailning 1 per cent salt was 65,000
while the butier containing 2.7 per cent 3zl had a count of
254500 bacteria per mls The decresce in the number of bacteris
must again be atiributed o the addition of szit to the bulter,
“he butter wade from crenm contalning 10 ner cent butter culiure
va3 churned aseparately and had 2 higher initisl count than the
salted butter, The butiter cullture did wot seswm to Lave much
effect lu rzeztraining the develonmant of bacteria for the count -
after ssven days hed rsnched a uazime of 11l.4 nillion bacteria
p2r Bl

The reaulta of the bactarial counts on zaries £ arz mach
the same a8 those gecured un the unsalted butter in the sreceding
series. In avery case a large nwubar of orguniams were nresent,
A oount of 136 million baeterin per al. was found in the butter
wade with the U Lype culware. This was & non-fat-splitting type
and in gpite of ths Lipgh count the flavox and odozr of the butter
were normal, chille =1l of the other butter was very rancid, After

continued incubation a Hoyapples odor develope! in the buttar cone



taining the O tvne miliure,

Anothey may of judeing the shanges $nling «l209 in butter
containing the Hayerpls orpaniem wmz to datermine the total
smonumt of neld pregent in tha bHutter, After the buttsr in the
sgries of experimental buatter hud been held for varinus lengihs
of time the acld valuss were dotermined sn? the rosulis ssoured
are given in table &,

™a data on sericex A and B wives the zmount of noid presaent
in lots of budter contalning various cultures of tha Mayapnle
organisn. The regults regularly show a mavked Incresse in the
total amount of acld present after the orgznism had developed
in $the butter. In nll ocaszes the uninocoulsted control had acid
values wnlch were vary low as compared with the waluss seomred
on but$er containing the Maya o le organism, The values on
saries O shor the affz20t of added 211t and butter ouldtwrs in
praventing the devalopnment of acid in the Mutter containing
the Mayapnle organiom,. ‘There the unanlted buttar had an ncid
valus of 23,4 «fter 40 days storage the butter containing the
salt or buiter culturs had valuas of 5.7 and 9.7% raspectively.
The uninoculated control had 2 value of 2.2 which was lower than
the othay values recorded., The data on seriass D 2lso show the
effact of 321t and Dutter oulture on the developuent of acidity



Table 7. Orowth of the Hayapple organism in bubtsr, including
she affect of aslt and of butter oculture on the growih.
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in butter containing the Mayspple organism, After 40 days
atornges the unsalted buttier had an acid value of 17.5. The
data indicate that as the salt content of the butter was ine
creased the amount of acid present decreased, This correlates
with the number of Mayapple organisms present in the same lots
of butier. The influence of butter oulturs seemed to be zbout
aqual %o 2.5 per vent saglt, In this seriss the wminoounlated
control again had a low scid value., The Caota on series E
shows approximately the same thing as the umenlted inoomlated
butter in the pregeding triasls, namely an incresse in the
amount of total acid both after 21 and 28 days storage, with
all of the types extept the O type. This O type was o nop=-fate
splitting one segured from oulture A and it will be regalled that
the nunbar of organisms present in the butter had reached 136
million per xl. after nine days storage, The acld value of this
butter never exceeded thot of the control in spite of the high
bacterial content.

A ranoid condision in butter is ususlly associazted with the
presence of the volatile members of the fatty-acid series,
Rangldity may be present, howsver, when it is imposacible to
detect an increass in the amount of wolatils acid contained.

The inorease in volatile acld present gives some idea of the
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Table 8. Chopgss in the fotal acid 1an butier contain-
ing the Hayapple organlasm,
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Table & (Continued)
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chargres that have teken place in the bukter and ie, according-
1y, of conniderabie value, Determinations of the volatile
seidity were zade on some of the sxperimentnl butter aftsey
varicus holding poriofs and the reaulte arxs presented in table
93 the totpl acidities are aleo included,

The valuzs in gsries B involve & mamsber of samples of
butter, sach coaiziniang a different culsure, These data ars
nst gomparable bagause the age of shs buttar varied considers
ably but they Jo oive gome iden of the powerful fat hydrolyzing
sotion of thae ouliures uvseds The volatile azid value of the
mincaulnted control is 1.0 and the inooulated butler ranges
in vsine fron 2540 %0 72.0. From the dets it will be seen
that the ratio of volatils to total acid is rather comstant,
The values on sarise ¢, show the effget of the sddition of
salt and butter culturs on the development of volatile anoid,
These daterminations vere made after the butter had been beld
at 7427 G4 for 36 to 43 days. The iuncculated butter without
salt or butter culture had a volatile acid value of 129,0 =8
compared with o value of 4,0 Zox the uninoculated control,

The addition of 2.5 per cent salt Yo the buktexr kept the
voiatile acid value down 50 34,0 while 10 per cent butter
eultyres kept 13 dowm $0 5le0. The data on series D, represent
snother trisl iu vhich the sase oculiure was present in all of
the tutter and the effect of differant amounts of salt and of
butter ouliure ore geen. The volatile acidity of the incoulate
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ed butter without salt or butter culiure lo Righ compared with
that of the unineenlatsd control =and as the suount of selt ine-
praased the amount of volstils aclid precent decressed, In this
exoeriment the affect of 10 per cant butter sulture in restiralne
inz ths development of volatile noidity iz abont the sazme as the

effect of 2.5 por cont zalle.

b

A1l of the orepm used for making experimsntal tmiter was
neateurized at 1859 O, for 15 mimutes, The high temperature
erd long exposurg waad responsidle for the nresance of A very
worked heated flowor aad edor in the buiter. The hasted flsvor
ent odor persisted for noverszl days nfter the mtter was made
tut itz intensity deoreased with the pugnawe of time, Usvelly
eftzr three or four daye the indensity ha? resche’ s point
vhsre 1% was no longey uvhjeotionable,

“hen the Mayanple orgunism wvas inoculated in%s the crsam
vesd for butter moking some very definite off-flavors and odors
WOLY evident. Umazlly at sbout the time the heated {lavor
réathed »n minims snother off-flavor had develoned, Aft:sr tires
daye at 60° ¢, ths flavor was

meonly detectzble but weae not
vropcunoed snough 0 Le definitely nonoelnted with any slnormalie
ty. After an additionzl inombation pericd of one day the offe
fisvor conld definitely be onlled rancid. Following the firet
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Table 9, Changes in the total snd volatile acidity
in butser containping whe Nayapple organiam,

0 | T Age of bukter ¢ Tokal  ivointile
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deteotion of the rsneld flavor and odor the intensity rapidly
increased until the butter was so badly off-flavor thet it was
no longer marketabls,

Turing the time the ranclid condition was developing there
wag a large inorsase in the number of Mayanple organisms in the
butter, The development of the rancld condition oan probably
be correlated with the nuwber of organisms pressnt before there
i3 any marked change 1in the other characteristice of the butter
such 23 an increase in either the to$al amount of acid or the
anovmt of wolatile z0id proaent,
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ol evaporated milk,

After 51 cultures had Lsen secured frowm the varlous dairy
nroduots they were subjeoted $o a syelematic study. The organ
$am was fommd to be a paychrophilic, aroma-preducing, gram
unegative, non spore-forming, polar-flagellated rod which was
capable of hydrolyzing fat. A unumber of bacteria capable of
hydrolyzing fat hove been described but the dssoriptions did
not f£it the description of the organiem isolated, Fiohhols
{5) deseribed an organism which produced a strawberry-like
aroma in various media snd Gruber (11, 12) desoribed two such
organisms. The characteristicn of the  described species
seened to agres rwather closely with those of the organimm
isolated from rancid butter and wvarious other dairy proéducts,
If the different colony typee which were seocured from the
organisz lsolated are considersd, sach tyre can be identified
a8 one of the throe organiems mentioned sbove. Thus the O
type can be identified with Baotsriupm fragl Fichholz; the 3
type can be identified with Pa. fryagarise 1L Oruber; and the
R type can be identified with Ps. frazaxise I Orfiber.
Baptezima Ixagi Tichholz was the first of these organisms to
be described and this specific name shonld be retainsd, The
characteristios of the organism are such that it seexs %o
belong to the genus Teeudomonas. The nawe Pgeudomonns fragl
nev, comb, is therefore the one that should be used,

Anothar part of the study wes concerned with the oocurrence
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of aolony variations in four enltures of the organiax isolated.
Yoriationg ocourred in culturss purified by ordinary plating
and in cultures purified by single ce2ll technic. FNo ocuvtslide
agenta vere used to bring about colomy variation although the
litmus in the milk may hawve had some influence in doinp this,
Culture A yielded five different tynes of colonles; oulture B
yislded four types; culturs © ylelded thrse types;: and éﬁlznra
I yielded three types. It was the occourrence of these wvarious
typea which led to the identification with three praviously
desoribed organisms,

Teperiments designed to determinsg differenoss in the bio-
chamical activity of th= varisnt types revealed the following
votnts. Yariant types could ba gegured {from parent cultures
with a marked fatesplitting action) which were unsble to snlit
fat. The 8 type ooloniea from each of the four cultures studie
ed ware all able to hydrolyze fa3t. C type ooloniss vhioh werse
unable to hydrolyze fat were gecured from all four of the
'éaltarea studied, Howewver, an otherwiass tynlcal O type colony
was secured from culture 4 vhich did hydrolyze fat, The fate
spiltting ability of the R tyre coloniep varied with the ouliture
atudied, the R, type colonies from cultures A and B were able
%o hydrolyre faot whila thosge from cultures © and I were unable
$o bring about thia changs.

The data on protein decomposition by the varisnt cultures
show that there was considerasble differance in thelr abilisy
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to hydrolysze this material. In general the original cultures
and the 3 type variants caused considerable inoreass in the
smount of soluble and amino nitrogen »hen they ware grown in
skinm milk, %ith all of the O type varionts studied there weos
5 warked decrecse in the amount of both scluble and amimo
nitrogen produced as ooupured with the amount produced by the
8 type varisnt from the corresponding eulture. “ith two of the
O tyre variants thers was actually a slight decrease in the
zmount of amino nitrogen present, All of the R type veriants
studled posseszed a proteolytic activity vhich was midway bew
tween the 3 and the R type variants fro: the corresponding culture, ’
The K type more nearly a@prpaehad the B tyne than the ¢ tyre.

The section of the work dealing wlih butter made from
pasteurized oream containing the organism shovwed that the crgan-
isn could grow in butter held at low temperatures undil larce
numbers were present, Ths effect of aalt was very morked in
rogtraining the development of the organism in butter. As the
salt content of the butter inereased the muber of organisms
deoreased, The effect of sall on the organiem was ewvident
within a vayy short tims after the 2alt wan added o the butter,
Butter culture did not seexn to have a very marked action in
restraiaing the growth of the organism in butter.

The total amount of zclid in buttsr cantaining the organism
iuereased rapidly until aftsr o relatively long storage nariod,

there was & lerge smount of acid nresent in the bhutter even at
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the low ten-uratures uzed, The amount of acid present wag
grently influenced by the sdditlon of srlt %o the butier. In
1o instanca whe: 2alt was present did the acidity esver resch
the high level that 1% reached in mwnaalted butter, Az the
nalt sontent of the Dutter increased the amount of neld dovalope
ing degressed, “hen 10,0 per cent butter enlture was added to
$he crean before cmirning the resulting butter never contained
es meoh aeid as the control without butter oulbure. The szame
inhibiting aotion was produced when the utter oulture was
rorked into the butter after churning,

The volatile z01d content of butter containing the organ-
iem waz very much hichsr then the volatile =cid content of the
uninoculated controls. Determinations mnde on butier ocontaine
ing salt revealed that the amount of wolatile aeld present was
greatly influenced by the salt, Tith inoreesing salt oconocen~
trations the amoumt of volatile acld oresent decrsased, Butter
culture aleo inhibited the development of volntile s;e;d.

Huttar nade from cresm contalining the orseniem regularly
exhibited a characteristic sequenos of changes, The first of
these was the diseppearance of the heated flavor and odor
resulting froz the hirh pasteurization exposure. A sbout the
time that the heated flavor had reached o mwinimum an abnormal
flavor had appeared. “‘hen first noticed this was not definite
but with continued storsge the abnormal flavor was identified
as a voncid oondition, Following the first appearance of the
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rancid condition it increased rapidly and made the butter une-
marketable.
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