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INTRODUCTION

Tho manufacture of creem choeso sproads is o relabtlvely new branch
of the dairy industry. As with various other dairy products, certain
bacteriological defects have appeared in cream checse sproads end thoso
roequire study in order to develop control mothods.

Crean cheeso sproads consist of cream cheese to which vorilous
motorials have been added to pive a variety of flavors. The mixtures
are heatod to a relatively hipgh temperature for a short time ond packed
in plass Jars which are often vecuun sealed. BSinco the products ore
packod hot and comonly sealed under e vocuum, it would be expected that
any bactoriological defects which developed werc probably caused by an-
aerobic spore lorming orponisms.

Gas formation and liquofaction are the defects which heve been most
common in cream cheese spreads. In the 'pant, neither of these defocts
has caused serious cconomic loss. However, the sale of one jar of de~
foctive spread may rosult in the loss of the customer. For this reeson
an investigatlion vas made in an attempt to determino the nature of the
organisms rosponsible for these defocts snd to develop mothods for pre~

venting tho occasional appearance of a dofective jar of smroad.



STATELENT OF PROBLIR

The purposes of this investigation wero:

1, To isolate ond study the organism or orgenisms causing
gas formation in croam choese spreeds end to develop a method of
provonting the defoct comuercially.

2e¢ To isolate and study the organism or organisms causing

liquefaction in croam cheese spreads and to develop o moethod of

preventing the defect comorcially.



REVIET OF LITERATURE

Rodella (15) found emaerobic bactoria prosomt in mill in numbors
from 1 to 3 por 0.l cc. (10 to 30 por cc.)s Volff (20) isoletod an-
aorobic bactoria from 1 cc. portions of milk but only obtained them onco
from a 0.1 cc. samplc.

Barthel (3), in discussing the occurronce of obligate emerobic
bacteria in milk, reported that they aro slmost always prosent in smnll
numbers in milk handled in the ordino.ry moamer, but that he wms often
unable to obtain them from 15 to 20 cce samples. He stoeted that, in
genoral, those anaerobes can be divided inbo vwo proups; the bubyric

acid bactoria of Schattonfroh and Grassborger and Bacillus putrificus

(Bienstock)se Io cancludod that no direct rolationship existed betweon the
hypienic nature of millk and the presonce of obligate anaerobes.

Vieinzirl and Veldee (18) suggested the uso of Clostridium sporogrencs

as en index of manural pollution inmilk sinco it can be employed with
cither raw or pasteurized milk. Tho mothod of detormimntion advoceted by
thom consisted of sealing 6 or 10 cc. of milk in a test tube with peraffine
end heating to 80° C, for 10 minutos. After incubation, digostion vith

gas indicated the resence of Clostridium sporogemes, while digoction vrith-

out gos indicated the prosence of Bacillus vulpgarige Veoinzirl and Veldse

ostimoted by this mothod that from 33 to 36 Clostridium sporogones cells

are present per liter of averago millk,
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Viyant and Formington (21) reported that the growth of the spores

of Clogtridium botulimm was not inhibitod by salt concentrabtions from

1 to 10 per cent in an alkeline medium vith o reoction of =0.5 peor cont,
but that the spores were not nearly so resistant in an acid medium..
Tieiss (19) found thet sodium chloride lowered the heat resistance

of Clogtridium botulinum spores and that as the salt concentration

increased from 085 to 30 por cent the heat resistence decroassed quito
rapidly; howevor, e did nobt report any control culture in vhich no salt
vas added, s0 it ip not evident - how the lowest concartration compared
with no salt.

Esty and Meyer (10), in a study on the hoat resistence of the

spores of Clostridium botulinum, showed thot from 0.5 to 1 per cent

sodium chloride increased the heat resistence of the spores, bub that tho
protoctivo action was logt at 2 per cent. From 2 to 8 per cont sodium
chloride hod 1ittle or no offect, bub concentraticns above 8 por cent
groatly decroased tho heat rosistance. A phosphate btuffer mixbure also
exhibited a striking probective action.

Viljoen (16) studied the effoct of sodium chloride on the thermal
death rate of boctorial spores in poo liquor and fourd thet the maximum
protective action of sodium chloride wms in the range of 1 Lo 2.5 per
cerbe A D por cenb solubimm had a slight protoctive action, but as the
concentration was incroased atove this point there was a marked increaso
in the toxicity of the salt.

latheson (14) stated before the VWorld's Dairy Congress in 1923 thet

he had isolated o spore furming gas producing annerobe from a liissler
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cheese end that it would roproduce the defect vhon it was inoculated
into nilk used to make Swiss cheesc. Ile roparted that the organism
could not be checked by high heat or any other msthod vhich he tried.

At the same meoeting, Burri (4), in his paper on the relation of siiuge
feeding to Swiss cheese made from the millk produced, stated that the
bubtyric acid bacilli usually antered milk and cheese in the form of
spores, and that the spores in cheeso did no herm, but upon gormination
produced the very undesirable products, pas and butyric acid. He stated
further:

"Similar exporiences are had, at loast in Switzorlend,
with Bacillus putrificuse This orpganism possesses a very
dangerous cheracteristic, inasmuch as it can, vith complete
cxclugion of air, dissolve the casoin aml thus sepsrate oub
the strong-smelling and strong=tasbing by=-products of mebabol-
ism. The spores of these bacilli are videly spread in notiwro;
and inasmuch as they are contained in the feces of domestic
animels, it is not surprising to find {thom in milk and dicesc.
In our own experiments vith lmiental cheese they wore found
regularly, but in small numbers. It is important and for tunsoto
that they are not able to grow and reproduce oxcept under
especielly favoreble conditions. MHow end then, but only seldom,
cortain cheeses from a croamery show defects, namely, parts of
the inside appeoar vhite and crumbly, with larpge irregular holes,
and have a bad teste and smell vhich permeatc tho good parts.
The bacteriologicel exemination of such cheese, as a rule, schows
the presence of spore=forming Bacillus putrificus and such coses
vere al once colled putrificus choese. Under vhot conditions
the usually harmless pulrificus bacilli ferment in the cheese
and cause bad results is yot to bo dotermined."

In studies on o strong acid and bitber flavor in pimento checse,
Warren (17) found that ninc samples of the defoctivo cheese contained

Clogtridium bubyricum; the cheese vms a sofl, wuripened cheese of the

Noufchatol 4ypo. The acid and bittor flavor were alwnys accompaniod by

an increase in the volatile acid of the cheesc. Vearren vas ablo to ro-



0=

produce the defecl oxperimonbally by inoculoting normal cheese with

Clostridium bubyricume IHo noted that hoat shocked spores produced o

more active fermentetion than unheatod spores and that fa this rcason
pastourization morely actod as a stimulant to the growth of tho arpan-

isms Varren alse found thot the action of Clostridium bublyricum and

Strepbococcus lectis in combination was greator than the action of the

angorobe alone.
Kbus (1) reported tho isolation of o non-pathoponic strain of

Clogtridium welchll from a Swiss cheege wihich showed sbnormal gas for-

motion. Dxperimental cheese made {rom milk inoculated vith this orpon-
ism doveloped both "niszler" and "pressler" types of fermentotion.

Albus and Ayors (2) roported an oubbrenl of passiness in pimento
cheese. Thoy found that tho passiness could be prevented by ramoving
the carbohydrates from tho pimentos. Thoy stated:

"Cortain anaerobic sporc-forming bacteria arc usuelly
responsible for the gassy lermentation in rcheated cheese
products to vhich pimentos have been added to obtain variety.
The sowrco of these bacteria may be from the cheess from
which the product is mede. Spore-forming bacteria have bemm
frogquontly isolabed from cheese and in the spore stobe these
bactorie survive the tomperatures of processing. Becoause of
the destruction by tho heating process of practically all of
the other types of orgenisms in tho cheese, gormination and
subgequont growth of the anserobes proceeds vith little com=
pctition. Cortein cocci vhich are knowmn to survive the heat-
ing process mulbiply quite rapidly in tho finished checse
product but theso apparently do not interfore with the devolop-
mont of gas-producing bacberia.”

Thoy stated further:

"It is possible, thon, to pmrotect reneated or jrocessed
cheese products from contaminetion vith gas moducing bacteria
from evory sourco oxcopt the cheese itself. Contaminetion



from this source might also bo controlled and gessy fer-

nontation prevenbod if it wore ecconomically possible to uso

only the bost quoality of diesesc. Inasmuch as o certain cmount

of poor quality cheosc is alvmys used, the possible presence

of gas-producing bactoria must be accoptod. Stoerilizotion of

the {inished product is obviously impossible. It remains, thore-
fore, to ronder tho product less favorcble as o media for the
devolopment of the gas=produclng bactorie if the fermentation

is to be prevented. This wns attemploed by removing the fermemnb-
able carbohydrate from tho pimontos. In the absence of a
formontablo sugar a gassy fermontation is not likely to take place.
Cortain amaorobic gas-producers cen utilize lactabes with {the
production of gas; bub this rarely occurs unless very youns cheescs
are used."

Irvin and Horrison (13) studied the bacteriology of process cheesoe

They found Micrococcus varians to be the most common type of arpanism

in +this product. A very spall portion of the orpgenisms in thoe process

cheese were spore producors. Dacillus subbilis, Dacillus cerus, Becillus

mycoldes and Bacillus mosentericus were the four spore forming becteria

most commmonly presont. In a sample of pimento rocess cheoese, 94.8

por cent of tho arganisms werce found to be Streptococcus lactis, evon

though the cheese was supposed to hove been hoatod to 680 ¢, for 10
minutes.

Hussong and Haxmer (11 and 12) roported that they found swnercbes
to bo rolatively common in dairy products, and suggested that the rapid
development of enacrobes in milk in vhich conditions have beon mdo
favorable for their prowth Indicates thet the rostraining action of
various factors is important in preventing growth under practical con-
ditions.

Csiszar (G), in 1931, stated that the argenisms most commnonly found

in mrocess cheese are tho same as those found in raw cheese, namely, tho



streptococel and lactobacilli. Othor typos which he i‘c')und to be
common avre the bubyric acid orgonisms, the aerobic hay and pr;r!.:a.to
bacilli, lwoat rosistent cocel, rods, yensts, ond molds. Ilc stated
further thot {the numbers and kinds of orpganisms depend upon the row
chocse, the bemporaburo axd duration of procossing, and the age of
tho process cheosc. The counts obtained on nrocoss cheese veried
from O to 510,400,000 per pran and averaged 19,500,0(?0. Csigzar
found that the bacterial counts were reduced from 99.9 to 100 per
cent by hosting at 65° o 80° ¢, for from 5 to 25 minutes. Izmﬁediato-
1y afbor procoss choese ves nede there vms o very rapid inercase in
tho mmbors of orpganisms in it.

In 1932, Csiszar (B) reported o study of the spore farming
bacteria associnted with swolllnp in proceses cheese. He found that

Bacillus sporogones, Bacilluc publrificus and Bacillus scccharobutyricus

are the orgenisms most commonly associated with tho defoct and thot,
in 94 per cent of tho cheeso oxamined, the deloct wus caused by

Bacillus sporogenes. In tho samoe year Csiszar (7), stated that in most

casos of gos development in process cheeso tle causative orpanism vas

one of the tlree nentioned above, amd that the organisms cauvsing gos

formation in cheese made from raw milk scarcely ever give any trouble

in process cllloese due to the high temporatures employed in the jrocessinge
In 1953, Csiszar (9) reported data on the rosistance of Beocillus

sporopenos, Bacillus putrificus and Bacillus saccharobubtyricus to heat,

acid, and prescorvetives. Mo govo the following results an heat resistanco:



o . Time of survival et

regonisnm . _ .
60° cy 700G, 80° ¢, 90°0C, 1000 ¢,

Baecillus sporogones 72 hrese 24 hirse 245 hrs. 50 mine € min.

Bacillus putrificus 70 min., 60 min. 50 min. G50 min. G min.

Bacillug saccharobutyricus 90 mine 80 min. 80 min. 50 mine € nin.

Csigszar concluded that since tho high cxposures diovm cbove camotb
be used vithout Influencing the quality of the choese it is not ‘possible
Yo destroy tho orgmnisms in process checse by heat alones o found the
minimum pll values pormitting gerrdnation of tho sporce of the three

species to bo:

Bacillus sporogenes 4483
Bacillus putrificus 4,88
Bacillus saccharobutyricus 4488

Since cheeso does not molt normally when tho pil is as low as tho values
given, bub becomes a pranuler pasty mess, Csiszor concluded that the
rogulation of the pi could not be used as o moans of controlling the
organisms. Ie included in this work a study of several ireservatives,
all of vhich failed to give satisfactory results, aund only one of vhich,
sodium chloride, could be used legally in tho United States. o repoxr -~
od that it took from 7 to 8 per cent sodium chloride to inhibit the
growth of spore boaring organisms, and since such a cancontration is
too high for commercial use, he concluded that sodium chloride could

not Le used Yo prevent pas production in process cheesc.



Corbett, Frazior and Price () presented a papor on & gassy
defoct in croam checse ot tho mecting of tho fmorican Dairy Scionce
Assoclotion in 19354 They found tho causative organism to be a

sucrose fermenting yceost.



GBIERAL ITETHODS

Pl doterminntions

The pli determinations wore medo olectromotrically, using a

quinhydrone olectrode. .

Sealing tho cultures to exclude air

lony of the culbures wero sealed with o peraffine-vascline
vlug ebout 1 ine. thick to exclude air. Tho pearaffine-voseline
nixture was made up of approximately 50 per cent paraffine ond 50
per cent vasoline, and brought to a boil just before it was placed
on the medium by means of & storile pipette. In most cases the medium
was hoated Just prior to inoculation or was heated aftor inooculating

and soaling.

Preparation of peptone-litmus millk

Peptono~litmus milk was skim milk to vhich litmus cnd 0.5 per
cout poptone wore added. Tho peptone~litmus milk was sterilized in

an auboclave et 15 1lbs. pressure for 20 minmubos.



). Gen’
Togting the action of an organism in cream cheese syroad

In order to prove that an argenism isolatod Lrom defoctive
cheeso spread was the causative agent, it wes nocessery Lo roproduce
tho defeoct in sborile choese spread vhich wos sinmilar in generel
composition to 1o spread originally showing the abnormality. The
spreoad used in testing the action of varicus a gonisms had the
following composition:
GO0 gm. of unsalted croam choeso
350 gme of grated imported Roquefort cheeseo
150 gm. of gratod dorestic blue cheeso
350 gm. of sodium chloride
The ingredients woreo placoed in a double boileor and hoeted anml
stirred until thoy were thoroughly mixed. About 20 gm. werc them
placed in osch of a number of large test tubes, and the tubes plugged
with cotton and stoerilized in-eam avtoclave at 15 1lbs. presswo for 20
minubes. After the cheese spread had cooled ech tube was inoculated
with 5 cees of a 48«hour peptono-litrms milk culture of the a panism to
bo tesbted. The inoculum was mixed thoroughly vith the chooese spread
by means of a sterilo pipette amd the tubo was sealed with a paraffine-
wvasoline plug. The scaled tubes vore incubated at 37° ¢, for 8 4o 10

days and observed frequently for changes.



Proparation of blue cheese anulsion

The bluc cheose emulsion vihiich vms used to atudy the effoct
of pI in the heat rosistance of the gas producing orpganisms vioso
prepared by heoting 1000 gm. of grated demostic blue checse, 1000 cce
of water, and 40 gm. of sodium citrate. The mixture wes heated exd
stirred in & double boiler until a smooth consistency was obtoined.
The omulsion was sterilizod in 1000 cec. portions in en autoclave

at 156 1lbs. presswe for 20 minubes.

Determination of the heat resistance

All of the heat resistence studies were carried out in test
tubes which had an outside dimmeter of about 18 rmm. and vmlls about
1 mme thick. Approximately 10 cc. of an inoculated mediwm wore pub
in each tost tube ond covered with a paraffinc-vascline pluge. Care
was btokon in plecing the medium in oach tube to avoid leaving eny of
it noar tho top of the tube vhore it would mot be covered by the pluge.
Tho cotton plug that vas originally present in tho tube wms retwned to
the tube efter the paraffine~vesoline plug was placed over the m diwn.
During tho heoting procoss, the bubes wore hold in an upripght position
in an egitated vmter bath, the water heinpg deop enough to cover the
modium and tho paraffine-~vaseline plug. The water bath wvms at tho

tamperature to bo used when tho tubes wero placed in it. The tempora-



ture of tho modium was dotermined by a thermometer in an unincculated
tube which vas covered with e pareffine-vaseline plug in the same
mexmor us the inoculated tubes. As soon as tho tubes had beon held

at the dosired tomporaburo for 20 minutes, they wero ploced in a cold
water bath till cool. They were then inecubated at 37° C. for ot loast
a woek to dotermins whethor or‘ not the orgenisms werc able té re~

produce the defect in the medium.
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EXPFRIMEITTAL

Studies on Gas Production in Cream Choose Sproads

Description of the defect. Tho outbreal of r£as formation in creamn

cheese spreads which vas responsiblo for the investigation occurred
in tﬁo spring end summer of 1934. Gassiness wes obscrved %o a limit-
ed cxtont in several verietiles of sproad, but the defeoct was parti-
cularly noticeable in Roquefort type cpread. AL the time the defoct
first eppeorod the particular plant was subsbituting domestic blue
cheeso for a part of tho imported Roquefort cheese vhich they had
previously used entirely and the gas production wes attributed to
orponisns yresont in tho domestic blue cheese thet wore not prasent
in the Roguefort cheess.

Only o small parcontapge of the jars in a bLabtch doveloped gas.
Under ordinoyy marlcoting conditions the choese spreads woere held at
room temperature and at times would remain normal for 2 or 3 months
and thon suddenly develop gas. Probably this irregularity ves lerpgely
duc to lthe lemperaturc at which the checse spread was held and to the
fact that tho extent of inoculation varied from jer to jar. Vhen the
croan cheedo spread wves hold at 37° €, possiness usually devoloped

in 5 Yo 10 days if it doveloped at all.
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The gassy cheosc spreads had no off flavor or odor and appeared
normal in every wmy excopt that gas wes produced in tho cheesc. To
typieul gags holes woerc apparent but the sproad, incide the plass jar,
would breok and the upper portion would be foreed ovmy from the lower
portion with o clean break. In cxtreme caseos the lid would be blovm
off and approximately halfl of the cheesc would be pushod cut of the
containor. DBven in these iunsbances, howovor, off flaveor and odors
were not prosent. In less exbremo casos only cnough pas would be
produced vo releasc tho vacuum soaled lid and the gas would eppear in
the body of tho cheose as smell horizonbal splits.

Hicroscopic examinetions of +the croam cheoesc spreads showed on
abundance of various types of organisms, including bacteria, molds,
end yeasts. This vms to be oxpocted since the product was a mixbture
of oromm cheeso end Roquefort type choese, both of which contein
large numboers of stroptococci and the Roquelort type cheese would con=-
tribute mold mycelia and spores, bacteria and probably yoastse Io
doubt most of tho orgenisms seon in the microscopic preparations were
dead, duc to the fact that the spreads had heen e:xposed o ebout

€0°% ¢, for 10 minutes and placod immedietely in the glass jars.
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Isolation of the gas producing organicme From the naturo of the

defoct and the mamer in which the spreads were propered and packod,
it secmod probeble that the defect vms the result of the activity

of sn anacrobic sporo forming orpganism. Attempbs were medo to grow
tho organism in or on a veriety of media end under various conditions.
The modie employed wore: Stondard beef oxtract agar, beef infusion
agar, beef infusion agar plus 0.5 per cent dextrose, beof infusion
agar plus 045 per cont lactose, ‘tomnbto juice agar, sbandard broth,
standard broth plus each of 1§ carbohydretes and rolated matorials,
brain infusion mediuwm, and an apgar prepared from the extract of
Roguefort choeso. Aorchic cultures failed to give growth so a

mumber of different methods of ob'l;ainin;r; enecoroblc conditlons were
triods. Theso included: Agoyr shoke cul‘l:tlfos, en atmosphere of

carbon dioxide, an atmosphere of hydrogen, removal of oxypgon by
alkaline pyrogellol, and tho addition of reduced iron. Moat of these
nethods were omployed with e number of medie but none of thoem resulted
in grovth.

Approximatoly 0.5 gn. portions of the passy choeso sproads voro
placed in tubes of peptone-litmus milk and secanled with paraffine=
vaseline plugs. Tho bubes wore thon hold in a water bath for 20
ninutes at 85° C., cooled quickly end incubated at 37° ¢, for 3 or 4
doys. Practically all of the tubes which showed any growth pave rdpid

roduction of the litmus and pas production withoult coarulaotion.
288 1 g
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The organisms vhich developed in tho poptone-litmus milk {ailed
to pgrow on verious solid media, so it wos necessary o use tho dilution
mothod for purification. A feiwr drops of o culbture which was to bo
purified woré raaoved by moons of a capillery pipette. This was done
by pushing the pipotte through the paraffine-vasecline plug, brealking

e

of the ond, vhich wes filled with the paraffine-vasoline mixture,
apainst tho bobtbom of tho test tube eand drawing the culture into +the
pipotto. Tho maberinl wns placed in & bubc containing about 9 cc.

of poptone~litmus millk. The inoculum was thorouphly distribubed and
1 cce of this mixbure transferred to the next tube of peptone-litmus
milk. This process was repeated until o serics of 10 tubes vas ob-
‘tainod, each }wnrl'ng;vabou"c one~tenth as heavy an inoculation as the
tubos just proceding it in tho serics. All of the tubos were sealed
vith pareffine-vaseline plupgs end hold aob 850 C, for 20 minutes in a
votor bath, cooled rapidly, end incubated ot 37° ¢, for 3 or 4 dayc.
The hipghest dilution which showed gas production with rapid reduction
of the l1ltrms end without coagulation was agaein purified by the sanc
vrocess. Tho highest dilublon vhich showed gas production, reduction
of litmus, and no coagulation in the second series of tubes wag con-
sidered a pure culturo of tho orgenism in question. NMicroscopic ox-
andnations showed tho organisms in the culture were grem nogative and
rod shaped. Spores could not be detocted cven with spociecl sporeo
sbains. Tho colls verc approximatoly 0.7 by 2.0 to 2.5 microns, and

occurrod singly or in short chalns.



w2l

The only medias in which tho organism could be grownm successf{ully
woere peplone-litmus milk and litmus mdllk Yo vhich a snell omount of
Roquefort typo checse had beon eddod. Topbone~litmus millk supported
the growbh of the orgenisms vhen cnaerobic conditionas were obbained in
a numbor of different ways, but tho simplest and most satisfactory
mothod of oblaining snaorobic conditions was by the usc of a vnaraffino-
vascline plug. Generally the modium used had beon heated recontly
or heat was applied aftor inoculotion.

Vhen storile croun choese spread vas inoculated vith the orgenisms
and incubated ot 37° ¢,, gas formation vas noted in the cheeso in from
5 to 14 days. Tho orgenisms isolated from the different lots of
dofective spread voried in the amouwnt of gas produced in sterile cheese
spread. In somo cases the paraffine-vaseline plug was blowm oul of
the tube in 3 or 4 days, while in other ceses several woolis wore ro-
quired before gas production vas nobod. Vhen tho orgenisms woro ine
oculated into sterile cream checso and hold et room temporature, gas
production was much slowor than vhon hold at 37° ¢,, but zas vas
oevontually produced in all cases. Iiguro 1 illustrates tho type of
gas production obteined in storile cheese sproad.

Since the oublbreak of passiness in croam cheeso spreads was
attributed to tho uso of domostic bLluc choese, an sttempt vms made
to isolate the organism from domostic and foroign bluc choese and

from Roquofort choesc. Essontially tho samoe nothod of isolalion was
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Uninoculated Inoculated Tnoculated Inoculated
control vwrith writh viith
Crg. 1 Org. 14 Orgze 3

Firure 1« Type of gas production obtained by inoculating sterile cream
cheese spread vwith the organisms indicated.
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caployod with those cheesos ac with the defoctive spreads. The
orpgeanisn was isolated from oll five ol thoe domestic bluo cheocse
studied, from ong out of f{ive French bleuw cheoese ond from one ouvk of
threc Danish bleu cheescs. Tho orgonism could not be isolated from
any of tho throe Roquefort cheose studied. Then the orpganisnms vhich
wore isolated from the cheeses woro inoculated into storile croam
choeso spread, ossentially the samo type of gas production resulted
as vith the organiems from the defoctive sproads.

Altogoethoer 10 cultures of {the organism in question wero isolatod;
12 camo from 12 lots of defective cream choese spread, 5 from
domostic bluc choegse and 1 ocach {rom French blou and Danish bleu

cheose. Table I pives e suminry of tho sources of the orpanisms

igolatod.

Iffcot of pH on the heat rosistance of the gas hroducing orpenism. The

plI of the normal Roquefort croam cheosc spread was 548 to 6.0 It
vog thought that lowering the pll of the finished spread might vrevert
gas production and, accordingly, studics werc carried out to determine
what effect o low pl would have on the activity of the orgenism. The
organism was found to produce gas at a pH far too low to be ocmployed
in a choese sproed.

Since lowering tho plI of the Tinished product did not provent
gas production in tho sprecad, o study was mnde to detormine vhethor
or not lowering tho pll bbi’ore the heating process would accomplish tho

dosired result., TFour trials were carried out, using Organism 1, 2,



SOURCES OF T8 CAS TRODUCING ORGANISIE STUDIED

3

nﬁzﬁizs‘u Sowrce of organisnm
1 :: Gassy Roguelort cream cheesc spread containing domestic blue checse.
2 :: Gassy Roquefort cream choese cpread conbaining domestic bluc checsce
3 :: Gassy Roguefort cream cheese spread conbtaining Danish bleu checse.
4 :: Cassy Hoquefort creom cheese snpread containing domestic blue cheese.
5 :: Gassy Roquefort crecem checsc soread.
6 :: Gassy Roquefort cream cheeseo spread.
7 23 Gassy Roquefort creom chicese syread.
8 :: Gassy Roguelfort cream cheese spread.
9 :: Gassy Roguefort creem cheese spread.
10 :: Gassy Roguecfort creazm cheese spread.
11 :: Gassy Roquefori cream cheese spread.
12 :: Cacsy Roquefort cream cheeso syprcad.
13 :: Domestic blue checse.
14 :: Domestic blue cheesce
15 :: Domestic blue cheese.
16 :: Domestic Dlue cheosc.
17 t: Domestic Dlue cheese.
18 :: Danish Dien cheese.

ft
O

Trench bleu cheecsae.
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ﬁnd 5. In three of the trials bluo choese emulsion was used as the
medium and in the fowrth trial peptone-litmus mill: was employed.

In tho firet trial, 25 cc. of a 48 howr peptone~lilmus milk
culture of Orpgonism 2 wore used to inoculate 1000 gn. of blue cheose
emulsion. The inoculum wes mixed with the emulsion by means of a
sterilo stirring rod anmd tho pil dotermined. Eight 10 cce samples
were placed in sterilo tost tubes. A smoll smount of lactic oeid vas
added to the remaining ermlslon thoroupghly mixed with it, After
determining the pl, oight 10 cc. samplos were placed in sterile test
tubes. This general procedure was ropeated until nine series of
tubes (each series conbaining eight tubos) had been withdrawm. The
prineipal differonce bebweon the various series vo.sg %n the pIl of the
cmulsion end tho pIl renge covered was Lrom G.25 to 4425. Bach tubo
was sealed with a paraffine-vaselinc pluge A tube from each of the
nine sorics was held unheated as & control. Anothor tube from cach
series was hoated et 60° C, for 20 minutes ond cooled rapidly by plec-
ing in a cold wetor both. One tube from cach series was then hooted
at 65°, 70°, 75°, 80°, 85°, and 90° C. for 20 minutes end coolod rapid-
ly. Tho tubes were incubated at 37° (. and obsorvations woro made
deily. Tho date are given in Table II.

The rosults show that the organiem was very rosistont to o low
pll vhon no heat vms applied, producing gas at a pd as low as 4,25,
With en exposure to GO° Cs for 20 minutes,the lowest pll at vhich pes

production occurred wms 4,80 and with an exposure to 65° C. for 20
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Cheese emulsion inoculoted with 48 hour pepbtone~litmus millk
culture, pH adjusted with lectic zeid, samples covered
with peraffino-veseline plugs exnd heated.

Temperature of incubation 37° C.

Doreandib s amintatid Sl 12 yas] Yol ™omITh 1T M yadl naesn e TOUMATINY Yol QRO ) TR
Tl EFFSCT OF THiD P OF TN IZDIUL O THD ImAT RESICTANCE OF GAS FPRODUCING CRCANILI

P of :: Progiztion : Gas vroduction in semples heeted 20 minutes ot
culsion oo mc‘;iifi;:d £ 60 C. | 650 C. . 70° C. . 759 C. . 800 C. . 90° G, . 950 C.
6425 se + :  + : + s+ : o+ : + : o+ : o+
5498 i3 + : + : + s + : + : + : + s +
5469 ] + : + : + : + : + : + : - : -
5,55 $e + : 4 : + : + : + : + : - E -
5,23 sz + : + : + : + : - : - : - s -
5.00 se + : + : + : - : - : - : - : -
4480 s + : + : - : - : - : - : - : -
4948 -] + : - : - : - : - : - : - : -
4,25 T + : - : - : - : - : - H - : -

+ gas production - no gas production

LN
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minutes, the lowest pll permltting gas production vms 5,00, As tho
tonporaburc to which tho inoculsted modium vas exposed iucreased,
tho pI permitting ges mroductlon bocame higher, until at o tempera-
ture of 90° C, for 20 minutes, no gas was produced et a pll of 5.69
or lover.

Similar scries of ‘tubes were prepared, using Orgonism 3. DBipght
difforent pII values worc employed, roanging from 5.81 to 44863 the
same exposures were usod as in tho preceding trial. Taeble III gives
the results obtained.

Vhon no hout was applied, the organism produced ges at a pli
of 4486, vhile on exposure of GQO C, for 20 minutes vas sufficient to
provent gas production et a pH of 5,02 end below. As the tomperature
of oxposure was increased the pll roquired to prevent gas production
increased until an exposure of 90° ¢, for 20 minutes provented pas
production at a plI of 5,60 and bolow.

Organism 1 vos used in & trial similar to the two preceding oncs
excopt that wider ranges of pll and temperatures wero employed. TFowrteen
pll valuec worc used, covering the range from G.47 to 4,25, and the
tomperatures cmployed werc from 55° 4o 95° ¢, inclusive in 5° C. ine-
‘torvals. The datn are given in Table IV,

In the tubes to vhich no heat was applied gas production ocourred
with tho pll as low as 4,25, while in tho tubes cxposqd to G5° G, for
20 minubes ges production was preventoed al & pll of 44324 Vhen hoated

to 60° C, for 20 minutes no gpas production resulted ot & pil Lolow 5.00.
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TADLE III

pi CF oD MEDIUN Ol THE 775!

Fad

AS 1RODUC

with lactic acid, semples covered

ard heated.

Cheosc cmmlsion inoculated with 48 hour peptone=litmus milk
culture, pE adjusted
with paraffine-vasoline plugs

Temperature of incubetion 37° C,
$: Gas : . K
pH of :: production : Gas production in samples heated 20 minutes at
cnloion o mc‘;ﬁiggd : 60° 0. 650 ¢, 700 C. ; 78° 0. 80° C. | 850 C. 95° C..
5_:51 i : + . + LI s+ l: + E N :—- +
560 : + :  + T+ s+ s+ s+ s+ PO
5.52 s + : + : + : + : + : + : - : -
5e42 H -+ H -+ s + : - : - : - : - . -
5433 : + : - : - : - : - T - i - : -
5.20 H + : + : - H - s - : - : - s -
5.02 : + : - : - : - : - : - : - H -
4.86 : + t - : - . : - : - P - : -
+ gas jroduction - no gas production
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As the temperature of exposuro increased the(pl{ roquired to prevent
gas production becemo higher, until at 95° C. for 20 minutes the
orpanism did not produce gos at a pll bolow GeSl,

The dabo preosonmted in Tables II, III, and IV arc plotted in
Graph I. Tho graph shows cloarly that there is a vory distinet re-
lotionship between the pil of the modium at the timo of hoating end
the temperaturc required to provent gas production by the organism.

A pll of 5475 prevented gas production when heated to 90° C, for 20
minutes, whilo a pIl of 5400 was réquired to prcvorrb’gas production
vhen an oxposure of 60° Ce for 20 ninutes was used .

Since the bluo cheeso emulsion varied somewhat in composition
and reaction from one batch to anothor, a trial vas caerriod oul using
peptone-litmus milk as the medium instend of blue cheese emulsion in
ordor to detormine vhothor or not the peptono~litmus milk could be used
in the futuro studies with satisfactory results. Organism 1 was om-
ployed in the ‘criql. Twielvo pIl values were used, covering o pl renpge
from .40 to 4,73, and the temperaturog tolwhich ‘the tubes were oxposed
for 20 minutos ranged from 60° C. to 90° €, inclusive in §° ¢, intorvals.
Tho results are pgiven in Table V.

A11 the unheated tubos showed ges production, vhile with an exe-
posure to 60° ¢, for 20 minutes mo gos was produced in the tubes having
a pil below 5.06. As the tomporature of exposure inercased, the pil
required to mrovent gas production increased, just as it did in tho

triels vith choese enmulsion.
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TABLE V

THE EFFECT OF TOE pII OF Tl HSDIUE O TD TDAT NESISTATCE OF (45 TRODIXING CRGANISII 1

Peptone-litmus milk inoculeted with 48 hour peptone-litrms milk
culture, pd adjusted with lectic acid, semples covered
with pareffine-veseline plugs and heated.

Teoperatwre of Imcubation 37° C,

Gas :

neggoz;n« ::'nroduction: Ges production in semples heated 20 minutes at

Troms siin umhontod: 60 ¢, P 650 C. § 700 C. 759 C. © 80° G. 859 C. | 90° C.
6_.4:0' s + : + : o+ : 4+ s+ : + : + : +
Geol5 :: + : + . :  + s+ : 4 : ¥ : -
6,04 1 _%F : + : A i+ : o+ : : - T -
5.04 33 + : + T ¥ : + : o+ : 4+ HEE : -
5352; -] + : + : + : + : + : - : - H -
Sed8 13 + : + : o+ s+ : - : - 2 - $ -
S5e30 13 + : + : + : - : - : - HE : -
Sel6 1 + : + IR 5 : - ¢ - : - : - : -
5.00 ] + s + T - : - : - X - T - : -
Se00 :: + : - : - : - : - : - : - : -
4487 1: + : - : - : - : - HEE : - : -
Lo75  :3 + : - T - : - - T - T - P -

+ gas production - 1o ges production
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Bffoct of salt (MaCl) concontration and the pll of the medium on the

heal resistance of the pas producing orpanisme Esty and lloyer (10)

and Viljoon (16) found that salt (MaCl) concentrations of 0.5 to 2.6
per cent increased the heal resisbance of tlu_) bacterial sporoes vhich
‘theoy studied, bub that concentrabions over 2.5 por cent lowvered tho
heoat resistance.

An attempt was made to detormine the effect of salt concontras-
tion on the hoat resistence of the gas producing orpganisn when hoated
at verious pll valuos. In the mamufacturc of Roquefort type cream
cheese sproad, the Roguefort type cheose is pgrated ond heated before
it is added to tho cream cheose. Thorefore it vould be possible to
add as much as B por cent salt to tho Roquefort type cheese vhen it
is healted and not have too much salb in the finished product.

In the firet trial Organism 2 wac used. Each of seven flasks,
containing 1000 ce. of storile popltone~litmus millc per flask, wes in-
oculatod with 25 cc., of a 48 howr poptone~litmmus milk culture of the
orgenism to bo studied. The pl of one of the flasks vas detormined
ond five 10 cce. samples were placed in sterile test tubes. A snall
amount of lactic acid wms added to the remaining milk and thoroughly
digtributed. The pl was dotermined and five more 10 cc. samples were
taken. This somo genoral procedure vas repeatod until eipght series
(onch sories having five tubes) were ob‘l:aiped. Each series differed
from the others only in the pll. One, 2, 3, 4, 5, and 6 per cent sterile

salt, rospoctively, was added to the other six flasks of inoculated
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peptone~-litimus milk. Samples were telien I{rom each of these flasks in
{the same maumer os from the flask to which no salt wos added.

All of the tubos were covered with paraffino-vaseline plugs. The
sovon selt cancentrations and eight pH sories gave 56 combinations.

0

One tube from each cambination vas held unheated and others were heatod

at 709, 80°, 85°, emd 90° C,. rospoctively, for 20 minutes. The tubos
wero incubated at 37° C, Obscrvations vere mado at the end of 18 days
and thoso tubes which dici not show gas production and roeduction of
litmus were culturod in peptone=-litmus milk with no salt added and with
a normal pH, These tubos were covered with ’puraffinc-vusoline plugs
and incubated ab 37° C. At the ond of 8 dbis;si‘Ob501*vat101ls viore made.
The results of the trinl arc givon in Table VI,

The date show that salt concentrations of 2, 3, 4, 5, end G por
certt in the usnhoatod series inhibited the gas producing orgenisms ot
the lover pll vulueé but, when the tubes in vhiich inhibitlon occurred
were cultured in normol peptone~litmus millk, mas was produced,indicat-
ing that the organism was not killed but only irhibited by the high
salt concontration eand low pll. then heated to 70° C. for 20 minutes
the organism was killed at pIl 5.29 when no salt vms addod, zmdt at pi
5425 vhon 1 per cent salt wons added, while with 2 per cent salt, a pll
of 5447 inhibited the growth of the organism but did net kill it and a
Pl of 5437 or lower killed tho organism. As the amount of salt wos in~
croased ond the pll wvas lowerod the heat resistance of the orponism de-

creased. ihon hold at 050 C, for 20 minutes the organism did not show
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w3

any growth at all in 6 per cent salt ovon aftoer being cultured, in-
dicating that a combination of 85° C. per 20 ninutes and G per cont
salt killed tho organism even at o pil of G.24, ¥hen no salt was added,
850 C. for 20 minutes killed the orgonism only vhen the pil was 5.40

or lower.

The date in Teblo VI arc plobtted in Graph II. This graph shows
cloarly that salt concenbretions of 2 per cont or below did not havo
much effect on tho heat resistence of tho Organism 2, bul as the selt
concentration ineroased aboub 2 per cent the pll required o prevent
gos production at a given temperaturo vas lowercd.

A gecond trial wes corried out using Organism 1. Tho pI range
used was from Ge38 Lo 5.10 ond the salt concentroations from no calt
to 6 por cent. The hort exposures employed ranged from GO° G, 4o
900 C., inclusivo, in G° ¢, intervals for 20 minutes. All of the tubos
ware prepared in duplicato, one sories being incubated at 37° ¢, and
the other sorics at room temperaturce. The results are given in
Tablo VII. The tubes wiiich did not show gas were not cultured as in
first trial; therecfore Table VII shows only the salt concontration
and ‘the pll required to prevent gas production vhon oxposed to various
‘tenmperatures for 20 minutes.

In the unhecated samples incubated ot 379 €, gas production was
prevented with 2? 3, 4, 5, and G por ccnt salt at pll valuos of 5.18,

5420,

o«

«21, 5459, amd .00, rospectivoly. ihon hoated to 60° ¢, for

20 minutes 3, 4, 5, and € por cont salt provented pas production at



pH VALUES

S.20

6.10

640

\
Heated 3 Min. ot : \\ \\\ ]
70°C \
800 C —————— \\ N
85°C —-—-— N \\
90°C -—=-=mmmnn N
(0)4 2% 4% 6

NA CL CONCENTRATION

Graph II. Combinations of pH values and salt

concentrations required to prevent gas produc-
tion by organism in peptone-litmus milk heated
20 minutes at 70° C., 80° C,., 85° ¢,, or 90° C,
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THE EFFECT OF. TiE -8ALT (UaCl) CONCEITRATION AlD TI

" Peptono-litmms milk, with salt adde
P adjusted with lactic acid, samp.

- B . .
- Incuboted at 37° C,
Teat kR ] 3 23 B — ' 23 - ] 3
. NoNaCl ,, 1% ¥aCl ,, 2% FaCl 3%-::11&01 es %0 IMaCl ,, 57 HaCl
trea:bmen‘b 1 t 3 LR 4 o HE 33

vy pI :Groxrthz: pII -Grow.th:: P :Crowbh:- pd 2Growth: : pH :Growhh:- Pl sGrovithss

1:6.50t X nG’.S].: x $364281 x _‘:6.19: x 1564208 x 3360201 = . 1:i6

136308 = 330171 x  #1Gel2: x  :36,07: x 336,123 x 236,12r x- 16

Tlo 2360121 x 118,083 x 3364065 x 136,041 x - 3:6,04: x  3:6,08: x 36,

125,901 X  :35e83t x 235480 x  ::54805 x  135482:; x ::5385: - 115,

135,691 x 3154751 x  235472r x 136,78z x 135,781 x 135475 x  13b.

135687 225486t x 135,623 x 1354633 x - 235465: x ::5.59: - 135,

heat 1:5.46: x 325,501 x 2354523 x  11555r x .. 3354553 % 35,521 = 335,
::5037t x 2154401 = 1354443 x 1:Be4ls x 3354425 x ::o./‘-w -~ 115,

13542Tt X 335427t x 115,273 x| 315,303 x . 135:32: x ° 2356801 = 135,

1354161 x 135,181 x 335,181 = 3154208 = ..3354213y -  3:5,1ls - 115,

- 1364008 3  3:0e8lt X  3:0e2B1 X  t:0.,191 X 1164205 X  280e203 X - 330
60° Co 3364308 x 230017t x 3364123 x 336,073 x 136elRs x 216012t % 3316
t26o12: x 3364083 x 136406t x  :36e043 x' - $364045 x  $36408: x 336,

235.90: x  135,83: x e:o.BO. x 354808 x  235482:; x  1:5,85: x 115,

Tor 20 2354693 x 235475t x  215472: x  ::B4TR& x  3:5.783 x  2356.76: x 315
21557t x 115,668 x  235¢62: x 325,631 x ..2:5,65: x  3:35,59: = 315

1254463 x 1354501 -x 225522 x 135,661 x ¢ 3354865 x  1e6.52: - 115,

mine 135¢87: x 1254403 x  33:5e44: x  $35e4ls x . .235442: x  335.46: = 3¢5,
335273 x 3354271 x  $:5.27: x  1:5450% x 3354832: x  3:5,50: =~ 335,

3354168 x  23De183 X  3:5.18: 1354208 = 1:5,21: ~ 3:5,11: = 315,

% reduction of litmus and go.s production

- no roduction of litmus or gos produot:.on )






TABLE |

) COIICLEITRATION AUD TIE pH OF TH ‘E TIORTUN O TID IBAT T

e Ay Sy puAre tEy et
SISTATCE OF GAD IDUONTCING

milk, vith salt added, inooulat |
%h lactic acid, samples covered

Vil

CROATISI 1

od with 48 bowr poptono-litrma mill cultiro,
with parafline~vagoline plugs md heabods

te:
. Incvbated ab roan tomporaiuro
: 333 oy pif Tt : t ¢ ar -8 3
Ol [, S%1aCl ,, Of WaCl. | |g,, FoTRCL ' LITeCl P 2%WeCl |l Simcl "}l &4iIecl )
Tt

‘owbhts pI sGrowth:: pll sGrowth
A e T oS SR ey

R

3 ¥ 3Crowthis: pil :lrowbhss pil

I sOrowbhes ¥ sOrowihaes

X 2136420t = 16,20 x
x $36:12; x - 1:6el3: x
x 3:6403: x 336,001 ~
% 1154851 ~ 135,863 = -
x 1254751 x 136,74z =
x 154691 =  2:5.62: =
X 335521 = . 3:5.,52: =
X 1:5445: . 115,437 =
X 135302 = ::5.,31: =
= 23Bellt = 3354163 =
X 2364203 x 336420 X
x 3360128 % 536,13t =
x  $36a083 x 336,003 =
X  3:54853 x  135486: ~
x 3354758 x 135,741 =
X 335.59: = 1:5.62: ~
X 325,523 = 335,523 =
x  t35e4B: = 1154433 =
x 3356305 =  1:5.8l: =
~  330ell: =  1:5,10: =

3310400t X $30e0L: =  $30en x % $tGa203 x 2t
22206308 0 330el¥r x  1aGel23 = £3G407: ;@ 162 x  n
12236122 . 1e0e0By : 230e00f x 230,048 x £3G.04: x gy
3020480 waleB3: = 235480: X 2B4080: =z 220,028 - 1
1255409 ;@ 125.75: 3 1350723 = 3354721 x 1354733 = 39
12e5e07s X 2854602 ;. 2154023 2 2354051 x 18H.0G5: - 1
teeBeflis 33548503 3 2804882 x 354551 x 3:De55: = g1
2230637y X ptDed0r ;0 2204841 :m geBefles . 0xDadBr w3
5250873 3 325487 k. teBelTt % 32530t ;. 3256821 = g
2330eds X - 21DelB8: . 220,102 x 1154208 2 235,21y = 3
T10e0BT X 210enlt X 380620t X 2306103 ®  330er03 X 83
352Ge30s x  2t0el7s o 230412t % 2364078 = $38412: = !
3236ed8: ;™ 3366083 x 0,068 = 3004 = sGe04s = 3
30303008 3z 235083: m 1:5.B0: x 3s0.80: x 12BeB2: % &
#eshe09: = 21BeT0r 3 225,723 x 23U, T0: = 3BT - &
2210g57 x 135400r 3 238,62r x 2060 = 38605 - s
n5tDed61 k. 335e50: » 1:5e58: = 23Be003 x 2554008 w3
2235457t x 1150403 X 33Deff&z 3t 33fetl: 1 038efBz -~ 1Y
21154878 X 1204272 2 e2B,2T3 . 154303 2 535L82: - 4
t2304108 = 1204183 . 2tBWAB3 ;. 3354201 w  3305,01l: .- :

o o






X
MEDIULR O TOE IBAT RESISTAIUE OF GAS MRONUCING (ROATISH 1

l with 48 bour peptone-litoms nill oultire,
A4h parafline-tvacoline plugs md heabods

I
be Tncubated ab room tompersiuro ,
o Tomel Mo mmer (P oatma P osmtmer ! glmer I omimer P oglma

b . . -
3. 00 3Crowther pil sGrowbhiss pil sCrowbhe: pil sOrowbhis 38 sOrowlhas pii sCGrowbth:r pi sGrowlhss:

F104007 t:G e = 28 X 220101 % 3806208 X 2806808 = 320620 =
120430 = wefil7r x 13Gel2z oz 23Ga07: 0 weGelB: m $3Gel2: . 186133 ~ 2
156ed23 ;2206083 x 36003 x 2305041 w £36.04x x £3Be032 = 236400 - z2:
$254802 % viBeB3s = 24500z 2354801 m 2:5.022 o 235,058 =~ 235486 - 3
£55400: x 2eDa78: % 3354722 2 3356781 ;. 2104783« gt8e70s = 350474 w33
£sDeBTe .  2:54603 k2254023 3 2306031 x 22,653 = 2254805 = 135.62: w3
te5eh0s = 225503 3 28882 x 3eBeSb: x 15e002 = 3EB0ls w  2:50B: = ot
$35037 % 235808 x  230e84r xm 30Be8lr . #25ed2: w  335040: o« - 335e43: = 3
3350873 2 385873 X 125.BT7: % 325030t x 335523 w  $30,803 = g2hells -~ 33
s4BefBt 2t 2aDelB: . 2352182 m  120a20: : 82508y = 238.1%: = 235,368« 23
3104001 % ZT10edlt X 180ef0T X f30elli = 3t0er03 K 110001 =  2i0en08 =t
180e30; x 250173 = 230,122 % 28Ge071 . 330122  £20elZr e 130133 - st
256l X 3304081 x 220406t x :30400: = 30e04: = 5304038 » 216400t = 3p
3135008 2 2:5,880: m 335802 x 320801 x 2354823 % 335e85z «  3:Bal0s = 2
2250692 = 2e5eT08 2 925,728 ;2356705 ' $:BTOr = 320,75: = 3:BeV4s - 3
t15eb78 X 135660t 3t 235602y m  22D5a63t ® 3805068 w  £354593 ~ 3254023 - 13
$26461 3t $10.60r % 585e5%2 m 23BeD02 % t20elhs w  3254528% «~ 2304523 = 13
125378 % 130,403 x - 33Befdz 3 s38efl: x 035edR: =~ 13040z = 23Dad3r = 33
1156878 x 28027t 2 15,272 2 2354301 . 515.38r =  a3Be80r = 230,8l: -~ 3
230l . 2284103 . 2tD.dBt 3 3256203 m  3sheBls = safliglly o 335,103 =  t3







i1

Inocubated at 37° C,

t o NaCl

1% HaCl 3t 2% NaCl

1t 3% HaCl

i

4% NaCl

t: 5 NaCl

-

2
1L

.
H
.
.

LIRS LT
ar o o

12 pH sGrowth::s pH sGrowths: pH :Growthi: pH $Growths: pil sGrowbthss pid sGrowbhs:
1
1:6,38: =x 2:6.31: x 116,28t x 116,19: x $116,20: x 216,20 X H)
65° ¢c. 136,30 x 16,17 =x 136.12: =x +:6.07y x t1:6,12: x 1:6.12: x ts
136,12 x 326,08t x 116,083 x ::6.07: x :1:6,04: x $316,03: =x %)
for 20 2:5,90: x 115,831 =x 125.,80: =x 115.803 = 1:5.,82: x 1:5.85y x 2t
21:5,69: x 1:5.,75: x 116,72 x 315,72 x 115.,73: x 115,75t x 2
mine 325,67 x 135,66 x 1:5.,62: x 2:5.,63: x 1:5.,65s =x 2:5,69: - 83
t:5.46: x 2:5.50: x 285,02 = :35,86: x 135,65 =x 225,52 = s
125.37t x £15.401 =x 135,44 x 116,41 x 1:5.42: x $:5.45: = 13
1:5.,27: = 135,273 x ::5.27: x 185430 x $:D,028 = 215,308 = 1t
1354163 x ::5.,18: x 1:5.18: x 236,201 = 125,213 w 330,11l 1t
116,301 X 1:16e01t X 1:6.28: x 236,19 =x 116,20t X% 116,202 X tt
70° C. 1:6.30s x 1166173 x 1:6,12: = 826,071 x  3:6,12: x  ::6,12: x e
116,12: x 1:6,08: x 1:6,06: x 116,04 x 116,047 x $16.,03: x 12
for 20 1:5,90: x 12:5.83: =x= 195,80 x 115,80 x 1:5,82: x 235,85 x 1t
1:5,689: x $:5,75: =x 1156728 x 325,72t x £35,73: x 1:0,75¢ = 1t
min, 135,57 x 135,66 =x 115,62 x $1:5,63: x 135,65 x 115,598 13
135,463 x 115,50 x :115.62: x 115,561 x 1:6.56: x 105,52: - st
125,37 x t:5.40: x 215,44 x 1:5.41s = 125,42 x 225,45 = 31
115,271 x $1:5.87: x 1:5.27: x 13156301 =x 115,32: 115,30 = s
225,163 = 1:H54.18: x £15.,18; =x 215,203 115,21t = $115,11t = 13
116.888 X 1:0e8Llt X 116428t X  $16e1981 X  :16.203 X  $:06.20t X £t
759 G, 116630t X 188,17: x 136,122 x 1364073 x :18.12: x  :36,12: = 11
1:8,12: x ::6,08: =x 1:6,06; x 116,04: x :1:6.,04: x 226,03t = te
for 20 115,903 x :115.83: x 115,80 x 1:5,80: x 115,82 x 315,85 [ ¥]
135,69 x 135,761 x 31:5.72: x 1:5.72: x 125,73 x 125,751 = (R
min,. 315,57 x :1:5.66: =x 1t15.62: X 1:5.,63: x $1:5.656: x 115,598 = s
1:5446: x 25,008 X 1:5.521 X 1154551 X 125,55t = 115,62t w ¢
2215637t X 225440 x 2364441 x  135.41: x $1:5442: = 125,461 = 2
1354273 % 235427t x 1354271 X 1315430t X £:5¢32: = 235,301 = 33
3154103 = $1:5e18: 1:5.,18: x 115201 @ 235,217 = $:5,11 = !







TABLE VII (CONAEINUED)

T

F?u Incubated at room temperature

lge 2
t: 5% 1aCl 3 6% NaCl ‘iz: No NaCl :: 1% NaCl :: 2% NaCl :: 3% NaCl :: 4% NaCl :t 5§
. 1t : s i3 i 33 i3 R
183 pH iGrowbh:s pH aGrowkh ‘l#2s pH :Growths: pH :Growth:: pH sGrowthe: pH iGrowth:: pH tGrowbh:: pH
136,20t X 1164203 = - [§136e388 X 136e817 X  :162B1 X 116,10t X 116207 X 131642
$26.,18: X 1316,13: 21864301 X  1:6.,17: x 116,12 x  $36,07s x 1164123 =  1:6,1
$16,03: X 116,00 = Hg386e12F X 2264088 X 136,063 X 116,041 X 316,041 = 31640
3:6.86: x 135.86: = le186590: x 2135483t x  1:5.80: x 315,801 x 3:5.82: - 3:315,8
t1:5.75: x 135,741 - {22:64698 =x 115,758 % 33572 %X 135,728 X ::5,73: 115,7
1:5,59: ~ 1:5,62: = 132:5.572 x 225,661 x  115.62: x  ::5.63: x 11565t =~ 1:5,.8
£26,52: «  1:15,52: - lessBe46s x 215,501 % 115,521 x 125,558 x 325,551 = 115,86
$:5.45: = 115.,43: « 18228487t X 115440t X 315,441 X 115,411 X 1154423 = 115.4
$2¢5,30: ~ 135,31y - 83354278 % 235,271 X $15427t x 115,30 X 215432 = 135,32
335011y« 215,168 = ¢ 3335416t x 135,183 .x 115,183 X 315,201 = 1354211 = 115,1
116420t x 136,207 x 1110388 X 2:0e8L1 X  110.288 X 110,198 X 1164201 X  1:6¢
126,12: X 116,131 = 128264308 X 116,171 X  1:6612: x 116,07t x  116,12: = 1:8,]
£:6,03:t X 3:6,00: 1386612: X 11064083 x 116,08 x  :1316.04: x  1:6.,04: =  1:6,C
135.85: x 215,865 = $225.908 X 115.83: X 1:5.80: x  £:5.80: X 315482t =  :15,E
$35.,75¢ ~ 3:5.,742 o 1e3t6e69: x 23575 x  1:5,72¢ x  ::5.72r x 325,723 =~ 35,7
$35,59: « 315,621 = F12DeBT: X 2:54661 X 335,621 X 135,631 x  ::5.65: «  215.E
115.,62: w~  215,52: w 1525481 X 235,508 X 1:5.023 x :15.56: X 3:5455:3 =  t35,f
125,451 o«  :15443: = 2315437t X 1356401 X 1:5e44: X  ::5.4lt x  ::5.42: = 11544
115,301 - 1:5.313 - 113354878 x 1:5.27: x 1256278 X 335,301 = 22154321 e« 31541
125,11t = 135,163 = 138354163 X 235,183 X 2:5418: x 235,208 e  3:5421l: w  135,]
116,80t X £16.208 X I'3316e881 X 8264061t X 238288 X 186419t X  $26,208 X  $36e:
..6 12: = 326,13t = . 12338,301 X 23164171 X 116412t x 326,07t X 316,12t =  1:6,]

16603t = . 2264002 w il5:36,122 X 1366085 X 226,061 x  :364088 X 136,041 -~  216.(

3:5 85t = 235,861 =~ . |$2:5,90: x 115,83 x ::5.80: = 115.80: x 115,82: = 215,¢
135,750 = 135,741 = .+ 3215,69s x 36,753 x  135.72: x 116,721 x  £:5.73: = 115"
135,69t = 1384625 = | 3415.,57: X 215,668 X  £35462: x 215463t x  135.65: = 336546
125452t «  ::5.52: = g31BedB: X 3854508 = £35.52: x 1:5.55: X $:54563 = 154!
115.46: = 115,43t = 11154378 X 315640t X 215444 X 225441t = 3154421 ~  135,.¢
£165,301 115,31 - . 332154272 X 115,27 x 125,27 % 115.30: - 115,32 = 115,
315411t = 215,163 e , ilip3354163 % 335,181 X 35,181 X 1154208 o« 335,213t = 336,







JUED)

Incubated at room temperature

:
3.

1% HaCl

t: 2% HaCl

t: 3% NeCl

2ot

4% NaCl

1t 5% HaCl

bl

13 6% NaCl

L
33

$

.

3. No HaCl
H

H

H

c-pH tGrowthit pi :Growth:: pH sGrowth:: pH iGrowth

s Joo e
e e e»

pH 1Growth: ¢« pH sGrowtht: pH :Growth::

184381 % 116e0818 X :36428: =x 126,19 x 116,20t x 21364208 ~ 1164208 = 'Y
16,301 x 128,17 % 3:6612: X 36,07t X  t:6,128 1:6,12: = 216,13 = £
t6.12: x 186,08 x 116,003 x - ::6,04: x 216604t = 116,03 w $:6,00: = 1
15,90 x 235483t x  ::5.,80: x 335,801 x  3:5.82: ~  335.86: ~ 3:15.86: - 1
16,608 x 1:5.75: x $135,72: x ::5,72: x $25,73t = 135,701 = 115,74t = 1
}5.57: x 125,661 x 1:5.,62: x 2135483t x° 115,60 = 115,59 215,62 = gt
35,40 x 135,501 x 31545231 x 125,563 x 125,551 =  1:5,52: = 135,521 = 13
6,372 x 1:5,40: x 115.44: x 1:5.4l: = $234421 = $115,4b: = 115,43: =~ pe
15.27t x 115,271 x 125,27t x 115,30 x $1:5.,32: =  1:5.,30: 1:5.,31: ~ 23
15,161 x 13561082 3t 336,183 X 135,208 135421t ~ 135,11t = $15,168 = K
8.30t X 1:Be3L1 X 1:6.288 X 116.19t X 1104201 X 116208 =~ 116420t = 13
16,30 x $1:6,17t x 1:6,12¢ X 1:6.07s = 116,12 = 1:6,12: = 116,138 =~ t:
36.12: x 136,08 =x 116,063 x 1:6,04: x 116,041 = 116,03t = 1:6,00: =~ 1
‘15,90 x 115,83: x 115,80 x £1:5.80: x 125,828 = 21:15.85: = 1:5,82: = X
15,69 x $1:5,75: x t:5,72: x ::6.72: x 1:5,728 = 1:5.75: 135,74t = '
454572 X 3:54661 X $:5,62: X 115463t X ::5.65: « 115,569t o«  ::5.62: « 31
15.461 x ::15.50: x 115,52 x £:6.,86: x $:5,66: = t1:5.521 135,52 = X
16437t x 1:5,40: =x t:5,44: x 1:5.41: x 1:05.,42: = 1:5e45: = $115.43: = 13
164273 x 1:15.27: x 1:5.27: x 1:5.30: = 225,32 = 1:5.30: =~ $:5,3l: - 31
318,16: x 135,18t x 2:5,18: x 354208 =~ 29006218 & 3:654ll: = 125,161 - s
316.,88: X 116901t X 118e281 X 110,19t X 1164208 X 136208 = 116,208 =~ 12
$6.301 x 1:6,17: x 136,12t =x 116,07 x 336,12 = 1:16.12: = 116,13: =~ 1t
126122 x 1:6,08: x 116,061 x 136,045 x 1:6,04: = 116,038 = 226,00 =~ st
1356908 = 1:5.83: x 1:5,80: =% $1:5.80: x 125682: = 355,85: = 115,863 = ¥
15891 x  :3BeTH: X 1:5.72: X $16.78: x 115,781 = 135,758 = 115,741 - 31
115,57 x t:6,66: x $:5,62: x 135,63t x 1:5.66: £35460: = $25,628 = 1
i$5e48: X $15,50: ;= 135,52: x 2154503 x £:5.503 =  1:5.52: = 515,521 = 33
156378 X 3:5.40: X 115644t X 2:5.41: = 3154421 ~- 1:5.4B: ~  2i5.43: « 33
150872 X 1t5,27s x 125,872 x 1:15.30: = $:5.32: = 225,300 = $£15.31lt = Ry
1854162 x 235,181 x 125,18 x 1150208 = 1356212 = $:5edlt = 235,16 it .

¢
~






A

A
22

31 | Inoubated at 37° Ce

i ToTaCl }. 1% WaCl ,, 2% YaCl ., %5 MaCl ., 4% TaCl ), 57 IaCl |

3 .
23 PO sGrovthss pll sGrowth:s pI tGrowbhi: pIl sGrowthi: pIl sGrowth:: pil :Growth:

© 136438 x 216,31t x  216e28: X 336,191 x 2264201 = 2364208 x 3
' 1300303 3306171 X 1364123 x 2364071 x 236,123 x 136,122 = 3
80° Cv 3364121 x 336408 x 36,061 x 1364041 x 336,041 x 116,03z =
: 135490t =  £25¢B3: x  235.80r X 215,801 x 235823 x  1:5,85: ~
" 2354092 x  $38¢7B: x 235,721 x 225,725 x 235,733 x 115,75 =~
for 20 235,57t x  335466s x $35u62: x 2354633 x 215,65 x 335,603 =
1354462 x 225450t x 235,523 x - 1545563 x  135a55: = 285,528 =
335371 x  3$35440: X 1354441 X 135.41: =  3:5482¢ = 315,453 -
min., 235627: x 135271 x 31527t =~ 325,305 = 335,328 ~ 115,305 ~ 1
£35610t x 335418 X 315e18: ~ 235,203 = $35.,2%3 = © 135.1ly =
1304383 X 110.01% X  ti0¢2081 X 1304108 X 320420t = 104208 x
‘ T 3364303 x 186,17t x 336612t x  326.07: x 336,122 = 516,127 =
86% Co 3264123 x  £164081 = 135406 x 236,045 « 326,04z x 336,031 ~
125,903 x 125,833 x 335480z x 235,808 x 215,822 ~ 315,868 =
for 20 1354698 <« 135,751 =  135472¢ = 115,721 = 125731 = 315,762 «
335572 = 3354661 =x 1354623 x 1354633 = 235,661 ~ 115,60 -
min. 185463 ~ 225,505 = 115,521 = 3354808 ~  2:5.60: = 330,02: =
2354378 =  §15.408 = 315443 = 335443: = 1254423 = 330446 «
£354278 = 335,27t «~ 3354273 = 3352301 = 3354823 «  3:530: -
1350162 =  325,18: = 335,183~ 135,203 = 335421y = 235,113 e«
$30e008 X t30e0L8 X 130488t X t:0s101 = 3304208 = 3364008 =
© T 336480 x $36.17: x 1364128 X 136407t % :36e12: = 326,123 =
90° Co 2364121 = 304083 = 33Ge06: =  3:Ge04: =  336404: ~ 3206603z =
3154908 = 235,833 =  335.808 = 355480t -  :15,82¢ = 3354068 «
, © 33Be69z = 3454755 = ztB5eTR2z = 3354721 = 3354731 =~ 335,751 =
for 20 335457 ~ 335,668 < 3254621 = 3354631 = 1354663 = 115,69z =
3354463 = 135,503 =  33552: = 315,55: = 235,068 = 225,528 =
1356373 = 3385403 = 115,441 = p15e4ls = 335423 = 253458
min. 335427t =~ 335271 = 3154271 « 235,308 =  2:5,52;5 = 135,501 =
2254108 =  33541Bs = 354183 = 2854208 = 3354212 e« 330ells =
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PABLE VII (CON t’rnwm)

3t
23]

5 MaCl

: ’ &7 TaCl

rbhn pi :Growthss pll 1Grovth
W

$t3

o Incubated at room temporature

133 . 33 it t :

srp o CL [0 1% MGl |7 27 Cl ,, 3% MCl ,, 4% MaCl |, 67
333

ers P 10rOwthes PH tGrowthes pH 1Growthes pil sGrowthss pil sCrowthss pH

10420: = 1104208 =  [13364381 x 2163«31:, X 1364283 X t16,103 X 1164203 = 1106420
$36,12;: = ::G.l?n & [8336430t x $36,17r x  336912¢ x 336,07 x  36,12: = 136,12
2164038 = 336.003 ®  13336,12: x 2304081 x  £36,061 x - 316,041 x 2364043 = 336,03
315585 = ::a.BGg - [33¢5,90s x 1154837 x  :35,80: x 135,80: = 1354822 = 215,85
1250758 ~  :35.741 = 3835691 x  £38470s X 135,725 x  13B.72: = 126,735 = 135,75
385469: = ::0.62: ~  8385.573 x  $35.668 x 135,623 x ;. 335,653 = $15.66% =~  315.59
125462t ~  1:6452p - ih:;s;%: k. 335,50r x  $36.652: x- 'uS.aS: = 1154653 =  2:5.52
1354451 = 1354433 = y 3350371 = 135440t x 325445 x 354413 = 5354423 = 13545
$350301 =~ 385,813 = @viB.R71 = 235427t x 2354278 x 3364301 = 235322 -  33543C
 $3Dells 335,161 - l}:s:B.le = $:5.18: x 315183 e 335,20t = 335,213 = 3316411
36420t X 1304201 = :36.381 x &:6:55.7 X 3304808 X 330103 =  1:Ge20r =  £20eaC
2316412: =  3364L3: - uﬁ.oOx X 2264178 = 2364123 X 336,075 =~ 1:6412: = 236412
$36405: ~  £36,003 = 23:6e12: x 336,081 x 336,068 = 136,043 = 1364042 <=  ::0.00
2354851 = 335,868 = [31:6.90: ~  235.83: x . 1354801 = 335,808 +~ 25,823 = 315,80
13507 = 315,74t = 215091~ 3356763 x 3356728 = 210472t = 318,731 « 33047
125.59: = 315,623 = 225572 = 255,601 =~ 12582t = 135,03 ~ 3354661 =~  33545¢
335,52: = 135,525 - 236446t =~  335.508 = 135,528 = 32545563 = 1ebeBB: - 315452
135e46: = 2354433 = 8335437t =~ 2254401 =  1:5edds - 154413 = 3254421 «  t35.4f
3350308 =~ 135,3ls - 3354271 = 135271 = 354271 = 125430 = 235.82: = 335
33511: = 315,163 = ﬂa.lG: = 335418: o~ 135,183 = 335420t = 335421t =  13541]
1:6e50: = 1304208 = 204081 X £3040L1 = 1104208 X  130e101 = 3804208 =  380e2(
436,12t = 236,133 = @2i6e30s = 3160178 x 226.12s ~ 226,071 x 1364123 - 336,10
136400: = 136,003 =. 3316123 = 236,088 ~  £364003 = 336041 ~ 3362041 - 226,00
335485: =  :35,863 =  2385.90: ~  2:5e85s. =, 2:5e80: = 315,80 -  13Be824 = 135,08
3354751 = 31574t - t 25.69t =~ 336,763 ~  335,72: = 2352723 = 135,781 = 15,7
$:5460: = 335,621 = 235573 = 235,062 = 315,623 = t:BaB8t =  3:5.65: = 355!
$35452: =~ 315521 =~ kuo.&Gx ~ 2854505 = 3355521 = 335,551 = 335581 = 2355
3350461 = 335,433 = 335,871 =~ 1154403 ~ s:6eddz = 335.41s - 315,481 = 23544
2354805 =~ 1354315, = %:::5.2'7:‘ - 235227t = 2354271 = 3154808 = 335032z = 13543
325411t =  £254181 «. 33354163 = 235418t = ©2:5418: = o 135,205 =~ 335,211 = 335,L
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7 _ Incubated at room tomperature
o WGl ., 1 MaCl |

2% WaCl ,, 5 WaCl ,, 4% MaCl ;, 6% NGl ., &% MaCl |,

gﬂ tGrowths s pH sGrowthes pH 1Growthss pIl :Growth:z P tGrowbhias pH zGrowth.: Pii ¢Growthst

9381 x 116e51: X 1360283 x 104108 x 3262203 v 136420 - £46;203 - 3t
y30t x 336417t x  3:6012: x  336.07r x 136123 = 316,121 236.15: CE ¥ |
p12: x 2364083 X 316,068 x 356,04 x 216,048 -~ 3264033 ~ 136,000 ~ 13
»908 X 515485: x  2:5,801 x  135.80: = 135482t =~ 3354853 - 1 5.86; . 13
692 x  $36¢76:r x 125,72 x  §4B.73: o~ 136473 = 33DeTBr =~ 3304741 - 31,
578 x 335,668 x 335,621 X ;3354683 = 35,668 =~  335,59: - :-0.62-» - 13
A0t ;. 315501 x 36,521 x° 325,55: = 1354663 = 35,523 =  235,52: - ozt
o378 = 1354408 x 3354441 x 335441l = 1354423 = 135451 ~ 1364431 - 33
271 = 2354271 x 2354273 x 3354308 = :35e32: = 1360301 = 4:5aBlz = 13
o168 . =  1:E.IB: x 235,183 = 335,208 = 335,213 =  33Be¢lls « 125,161 .~ 13

30t X ::B.Eix X 3364208 X 336a192 = 330420z = 1264203 = 3364203 ~ :
30t % 236178 = 136e12: x 316407t = 1:6,12: & 3:Ge12¢ = 236613 ~ 13
128 x 226,083 x 316,063 = 336,04r ~ 336,04: = 336,05: «~ :36.00: - 3

001 - =  $35eB31 x 1354801 = 135,808 = 35,828 ~ 12548561 =~  235.86G: ~ i3
o093 =~ 2354763 x 1354723 = 215,72t = 325731 ~ 125,763 ~ 135,742 - 12

G573 = 2154603 = 1154828 =~ 3354632 = 315603 =~ 354593 = 3:64621 = 33
V461 =~ 215,508 = 35,52t = 1255562 = 1854551 = 1154523 = 135,521 = 13
2372 = 1354401 <« 2850441 = 3354413 = 1354423 = 15461 = 3254433 « 3¢
27t = 1354278 = 245,878 = 285,30 = 235,828 = 335,50t ~ 3:5,3le - 11
o162 = 315,18t = 235,183 = 3354208 =  335¢21t =  225oll: « 335,103 ~ 33
eO81 X t10e0Lt = 230,883 X 130410t = 3102038 = 33020t =~  $10e208 = 3t
o308 = 3261781 x 116,123 ~ 326,073 x 22612 ~ 336,12 - 316,123 -

o123 « 1364083 ~ 1364068 = 316404t = 336,041, - 326,083 ~ 136,001 - 13
00t = 215,833 =  §35e80: = 255,802 =  r36582%¢ = $25.85: <~ 3354863 ~ 13
898 = 335,763 ~  335,72s =  135s72s « 35,753 = 3354763 ~ 1354741 -~ 32
5T = 2315460z = 335,628 = _£35468r = 335652 = 25,59 = 335,623 - t
W61 ~ 2854503 =  335s623 =  335.55r ~ 1554551 = 1354521 - 335452 ~ 52
e373 w 335403 « 13Be4r = 335e4l: ~ 355422 - 3354451 - 335.483: - 3
2273 = .235.27: = 335,273 = 2154508 =~ 35482z ~  235e30: - ::5e3ls - 12
o163 =~ 23:5,18: = - 5254203 ~ 335,213 ~ 3306113 = 31B416s = 33

iy : 315418






PII values of 5420, 5421, 5459, ond 6.13, reospectively. As the salt
concentration increased and the pi decreesed, the hoot resistence of
the orponism doecreased. In the samples incubated at room tomperaturo
no groveh vos obtained with 5 or 6 por cont salt at any of tho ox-
posures. Tho results obbained vith 1, 2, 3, and & por cent salt woro
vory similar to thoso obtained at 357° ¢,, exccpt thet tho time roquired
for peos production was greooter with the samples incubated at room

tomporature.

Description of the orpanism. The organism couging pos production in :

creanm checse sprends could bo grown only in peptone-libmus milk, in

litmus milk to vhich a small emount of Roquefort type cheese had been

added end in Roquefort bypo cheese emulsion so that many of +he tests

commonly used in the proeparation of a description of an organism could

not be made. OJince the organism was very resistont to heat, it is i
tontatively placed in the genus Clostridium, even though spores wore

not observed. The name Clostridium peptophilum is mroposed. The

description of the organism is as follows:
Lorphology:
Shepe: Rod
Size:r 0.7 by 2.0 to 2.5 microns
Sporos: Spores not observed even with special
spore stains
Steining resctions: Organism stained readily

with ordinaery stains; gram negative



il

Cultural charecterigtics:

Poptone-litmus milk: In tubes sealed with
peroffine~vasoline plugs there vas
rapid roduchbion of the litmus and
gas production.

Roquefort type cheese emulsion: ‘ubes
sealed with paraffine-veseline plugs
pos was produced.

Growth roquirements:

Oxygen rolotionship: Obligate enanorobe.

Orowth tompernture:  Orgenism grew bost at
370 C., but also grew at 21° C. and
at 55° ¢,

Heot resistance: In peptone-litmus nilk or
Roqugfort type chease amulsion, at
PH G¢50 the orpsnism withstood 95° ¢,
for 20 mimutes but at pl 5.40 and
below it did not vithstand 80° C, for

20 minutes.



Studies on Liguefection in Cream Cheeose Spreeds

Descripbion of tho defect. About the time thet the outbroak of gessi-

negs occurred, the same plant bogan having trouble with liquefoction
in e few varieties of creem choese spread, espocinlly the Roqueflort
and pincapple smreads. This defoct developed in ebout 3 Yo & weoks
ot room tomperature end in about 5 to 10 days at 37° ¢, Only a amall
percontage of the jars in a balch showed liguefaction. The deofect
occurred in all degrees. At the one extreme only a small amount of
liquid collected on the surface of the sproad vhiile ot the other ap-
proximately one-hal{ of the spread in a jar was liquefied. Vhen
liquofaction was extcnsive' the liquid collected around the outside of
the cheese spread and vas translucent. In some instances enough pges
wag produced to release the vecuum secal, but in most coses tho 1lid
remainod in plece. Vhen the 1id was removed a very pronownced pubrid
odor was noted.

Iicroscopic examination of the liquefied sprocds showed an abund-

osnce of orgenisms of various kinds, especially streptococci, molds, and

gren positive spore booring rods. The streptococci and molds were to be

expected since the checee sproad comtained croam cheese and Roquef'ort
typo cheese, but the large numbers of spore bearing rods sugposted that

the flora had boen modificd by the growth of organisms in the sproad.

S -



Isolatbtlion of thie ceusative orgenism. Irom the mommer in which the

cream cheose sproad was manufacbured and packed it would be assumed
thont the liquofoction was the result of tho cetion of an anserobic
spore forming orpanism.

Loopfulls of the liguid from o Jar of liquefied choese spread
vore placed in tost tubes of litmis milk and covered vith paraffine-
vaselino plugs. The tubos wore thon hoated ot 85° ¢, for 20 minutes,
cooled und incubated at 37° C, Aftoer 4 to 5 days tho milk in most
of the {tubes vms complotely dipested, leaving e dark browm liguid,
vihile the ramainder of the tubos were wichenged. The orgenisms in the
tubos showing proteolysis wore purifiod by removing a fow drops {ron
each vith caplllary pipettes and plocing them in tubos coni:ainﬁ.ng
approximately 9 cce. of litmus milk. One cc. of this wes translorred to
anothor tube of litmus milk., This goneral procedure vas cortinued
until o series of ten tubos wans obtained, cach contelning approximately
one~-tonth as heavy an inoculation as tho tube precoding it in the sories.
All of the tubes wero covered with paraffine-vaseline plugs and held at
85° C. for 20 minutes, cooled and incubsted st 37° C, Tho nighost
dilution that showed reduction of the lilmus and then proteolysis wns
purified farther by the agar shake nmethod. Boof infusion plus 1 per
cont dexbrose wong usod as thoe medium with this method. Tubos containe
ing approximately 9 cc. of melted amar were cooled Lo about 45° ¢, A
fow drops of the culturo to e purified wore placed in one tube of

the agar and thoroughly mixed with it. One cc. of this mixture wes
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transforrod to tho next tube and the proceduro conbinued until a
serios of 10 tubes ras obtoined, each containing about one-tenth as
heavy on inoculation as the btube Jjust proceding it in tho soriocs.

The medim vms allowed to harden and tho tubes incubated at 37° ¢,

for 3 to & deys. The ‘bbtbom vas broken from a tube having o fow well
definod colonies and colonles wero picked into tubos of storile litmus
millk. The tubes were covered with parai"i’ino—vaseline plupgs end in-
cubatod ot 37° C., Those tubes which showod reduction with subsequent
digestion of tho milk were considered to be purc culturcs of the
organism in quosbion. liicroscopic examinations showed gram positive
gpore bearing orpgenlsms vhich were sbout 0.7 by 4 Lo 5 microns in size.
The gpores vore located in the center of tho colls giving the organ-
iecn o spindlo shapo.

Sixteen culturcs of the liqueflying orgenisns wore isolated from
as many differont lots of defective cream checese sproad; 14 of the
lots were Roguefort type spread end the cther 2 were pineapple sproad.

Vhon storile cream cheoese spread was inoculated with one of 4he
orgenisms and incubated at 37° C,, protoolysis was apporent after 6 %o
8 days, and the proteclysis continued until the cheeso sproad was
completely swrroundod by clear liquid just as it woe in the originel
defective jars. In most cases a small omount of gas was produced.
FPigure II shows some tubos of sterile choose spread viilch wore ine-
oculm';ed'wiﬂx puro culturcs of the liquelying organism ond incubated

at 37° Ce
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Uninoculated Inoculated Inoculated Inoculated
control vith 7ith vrith

Type of liquefaction obtained by inoculating sterile creanm

Figure II.
cheese spread with the organisms indicated.
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Bffect of salt (eCl) concentration and the pH of tho modium on the

hoat rosistancoe of the liquoefying organisme. Proliminary studies showed

that the pIl alone or tho pl plus the usuael temporeturo used in prepar-
ing choesc spreads would not prevent liquefaction of sterile cream
cheoose inoculated with the organism isolated unless the pi vas so low
that it geve tho sproad en objectionable flavor. Two triels were
carried out to detormine vhother or not a lowercd pii in the prosonce
of salt (1iaCl) would reduce tho hoet resistance of the organism to the
point vhiere it would not liquefy inoculated choose spread after expo-
sare to heat.

In the first trial, Orgenism Cl-9 vms used as the test organism.
Bach of sevon flasks contalning 1000 ce. of storile litmus milk per
{lask werc inooulated vwith 25 cc. of & 43 hour litrus milk culture of
tho orgoniem to be studied. The pil of one of the {lasks vas deber-
n;inod and twelve 10 cc. samples wore placed in sterile tost tubes., A
small emount of lactic acid wms added Yo the remaining milk and
thoroughly distributed, the ph wes detormined and twelve more 10 cc.
sumplos wero takon. This same goneral procedurc was ropeated until six
series (ecach serios having twolve tubos) wore obtained. PBach sories
diffored from tho other only in the pil. One, two, tlree, Towr, five,

and

[

ix por cent storile salt, respectively, wes added to the other
six inoculated flasks of lilmus milk, Samples were taken from oach
of those flasks in the samo momer as Lfrom the flask to vhich no salt

vas added. All of the tubes wore covered with paraffino-vaseline plugse.



Tho sevon salt concontrations end six pll serles gave 42 combinoations.
Two ‘Lubes from cach of thoso combinations wvere hiold unheated ond two
tubes wore hecnted at GO0, 700, 80°, 90° C, end in boiling water,
rospectively, for 20 minutos. One tube from each palr wns incubated
at 37° C, and the other hold at room bemperaturc. Observations were
made ot the end of 18 days on the tubes incubebted at 37° C. and at
the ond of 35 days on tho tubes incubalted at room temperature. Re-
duction of tho litmus with proteolysis vas considered ovidence of
growth. Tho rosults are givon in Table VIII,

The teble shows that at 37° ¢, all of the tubos containing 5 per
cont salt or less gave growth regardless of tho pil or of the
teaporature to vhich they were cxposed, while with 4 per cenmt or nore
salt the growth vas irroguler. Vith ¢ por cent selt no growth oc-
curred at pld 5.2—(3 when ‘the eultures were exposed to G0°, 80° ¢, or in
;boiling wator for 20 minutes, vhiile without heabing and vhen exposed
to 709 or 90° C, growbh occurred at this samo pll. ¥ith § por cent salt
no growth took plece at pil 5440 or lower without heoating or vhon oxposed
to GO° or 90° C., bub did occur vhen heated at 700, 800 C, or in boil-
ing vmbor for 20 minutes. Vith 6 por cent solt no growth occurred et
piL 5.56. or lower vhen heated ot 709 C, or in boiling wetor for
20 minutos and no growth resulted at o pI of 5.40 or lower vhen exposed
to the othor temperature used in the trial. Vhon room temporature vms
used for incubation proteolysis was much slowor in developing, and the

results were evon morc irregular then thoy were in tho semplos incubatbod



THE EFFECT OF THE SALT (MaCl) COMNCENTRATION AND T

Litmue milk, with salt added, inoculated
sanplos coveored wi

s
se Incubated at 37° C,
Ooat ., st it )
;; Yo WaCl . 1f WaCl _ 2% NaCl ,, 3% NaCl 4% WaCl ., 5% lmCl |
treoatment, . - ;
:3- PO sGrowth:: pH :Growbhi: pH :Growthis pH sGrowbh:s pH :Growbh:: pll :Growth::
126,555 + :164421 + 130437t + t10e5738 -+ 1306373 +  t:be0%t + 326
o 2360272 + 3164253 4+  216,10: 4 . 126,10t 4+ 136,10t + 230407 +  ::6
1250958 +  :3049Bs 4+ 535,87t 4  235¢85: 4+ 335,85 + 2354823 + 115
heat 1350048 + 315,703 +  1:5,62: 4 335462t 4 125,65t 4. 125,601 + . 325
$15440: 4+ 3304481 +  £3542: 4+  :35442¢ 4+  335e4ls +  :35e40: ~ 35
: © 2354228 + 235308 4+ 335.308 4+ 235428 4+ 3354263 4+  3:5e26: ~ 21D
600 C, 3364561 + 1:6e42: + 116437 + 236372 4 126437t + 11634t + 136
12160278 + 1364251 + 226,10t 4 22610t 4+ 136,103 +  236,07: 4+ 336
for 20 :315¢95: + 2350951 +  535.87: 4 325,80 4+  3:15,85¢ + :15.82: + 315
$15,641 + 1154705 4+ 235,623 4+ 235,623 + 3354653 + 235460 + 135
mine 1354401 + 3354453 + 135,423 4+ 354423 + 135441t +  3:5440: = 215,
: © 3358223 4+ 3354303 4 2354303 4+ 1354283 + 2354263 -~  335:26: = 325
T00 Co 1:G655: + 230442t + 1366373 + 3364372 + 3366378 +  3:6634: + 2106
1366273 4+ 136425t + 236,101 4 - 2264103 4+ 3166103 +  3$36407: + 336,
for 20 2354955 + 3354958 + 3354873 +  335085: + 1:5485: + 3354823 + 235,
2256641 + 135703 + 135462: <+ 1354623 + 335,656r + :36360: + 2305,
min. 335440% 4 1354451 + 115,421 + 1354423 +  13Bedlt 4  3:5e4D: + 135,
- 3354222 4+ 3354303 4+ 3354308 4+ 3354283 + 125426t + 3256203 = 315,
+ gas production ond proteolysis. -

no ges production or rroteolysis






TADLE
NCENTRATION AID THE pH OF TH

dded, inoculated with 48 hou
amplos covored with paraffin .

‘VIII

'E LEDIUY O TIE HEAT RESISTANCE OF LIQUEFYIIG CRGAISH Cl=9

tewvosoline plugs and hoated.

or litmus milk culture, pll adjustod vith lactic acid,

: :t . Incubated at room temperabure
. x - et s
5% HaCl 67% NaCl :‘ No HaCl 1% WaCl 274 NaCl 3% NaCl 4% TaCl ;
EEXY

hss pH sGrowth:: pi sCGrowth

ges MI sGrowthss pIHl 3Growbh:: pH iGrowthis pil :Growbhe: pll :Growbthse pi

tion or rrecteolysis.

136e34: 32064361 + 23269551 + 2364483 4+ 31687t +  236.37s + 2164371 + 11640
436407+ 3306405: + 131366272+ 336¢203 4+ 236610t 4+ 2:6,10: 4+ 226,103 + 1364
3250823 '+ 23848Lls . 5305095: 4+ 315,908 + 3354873 + 1254855 4+ 235,851 +  335.¢
2£5460: +  3:5456: + 33354643 + 235,702 + 3354622 + 3354623 4 . 235465: — 335!
335440 = 1354401 = $335¢40t + 2354453 + 3350481 + 2354423 4+ 3:5.4%: + 1354
3354253 = 135427t = 33350223 + 2154303 + 2359303 4+ 3254281 + 3854208 +  235er
1264341 +  1:6036: + 11804058  +  1:0e42% +  t:0ed71 F  1:0s07% +  1:0e072 F  1:0el
126407: + 116,50 + (21364278 4+ 3264253 + 336101 4+ 33G10:r + 336410 +  1:G4l
:t5¢82t + ::5.81l: + 22250952+ 325,96t +  335487: =  335485: + :15.85: + 15,
£:5460: + 335,563 + (3::5e64s 4 2:5,70: + 2350621 ~ 2354622 = 1354651 = 335,
335440: = 3354403 =~ 18335408 + 3354403 + 2354821 +  135¢42:3 = 115441t = 304
3352258 = 38527t = 123259223 + 33543038 + 354301 o 3356281 + 2354263 e 335,
1360341 + 116368 133869003+ 3260421+ 336573+ $36e87: + 136372 + 126
236407: +  ::6405: 't526e272 4+  236e25r +  336410: + . 33G,10: + 2364103 4+ 123Gl
13582t + :15281: + 133350958 + 2356953 + 5354873 4 1:5485: + 235,85: + 115l
¢16a80: + $315a56% = 183350648 + 3354703 + 3254022 + 2354621 = 1354655 + 115l
1154401 + 1350401 - 133254408 + 3354403 + 3304427 = 2354423 +  335.41l: + 215
235257 = 2156273 o 123850208 + 3354308 4+  3:54303 = 3354283 + 135426t + 335,
|



l
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Atmus milk culture, pl adjustod vith lackic acid,
nseline plugs and heated.

Incuboted at room temporature

No HaCl 1% MaCl 2% NaCl . 37 MaCl 4% TaCl 5% aCl 6% NaCl

: P sCGrowthss pH :Growth:s pll :Growth::ApH,:Growthzz plI :Growbhis pI :CGrowth:: pld :Growbh s
1645538 4+  233Ge42: 4 3364373 1364373 1364372 1Ge343

1364363

+ + + 4 + 1
164272 + 2364203 4+ 136410t + 230,103 + 136,103 4 3164072 + 1364051 + 3
154951 4 25001 + 3354871 +  1:5485: 4+ 3354851 4+ 356823 o+ 3358l: + 13
15643 + 335,70: + 2354622 + 3154623 + 2359652 ~ 335,60z + 135,563 = :3
1540t + 3354453 +  335442: + 2354421 +  1:5e4ls 4+  1:5440: = " 135,401 - 1z
150223 4+ 2354303 + 31154303 4+ 3254283 + 32542063 + 3254263 = 33527t 33
t16e05t  F  330e4B: +  1:0e07s +  1:0e07: +  1:30e078 +  t:0esd: + 1304303 s
16427 + 326425t + 36,101 4+ 23603 +  :36410: + 336073 +  336405: + 13
154953 + 335,951 + 2354873 = 1354853 + 316.85: + ::5.82: + 335,81l + e
t5¢64: + 335703 + 2354621 ~ 1354028 = 3354851 ~  2:5960: + 235,563 + i3
$5040: +  :35e45: 4 135442: 4 32DefR: =~ 135441t = 35440 = 335.,40; = 13
t5e222 + 3354303 + 335,303 « 3354281 + 2154263 =  1:5025: = 31315273 = i3
10e0D2 4 tiB6ehB1 F  130e87: + 130487t + 130078 +  1:86edhs + 130950t T2
160272 +  £36e25t +  :2G6,10: + . 236410: + 2366103 4+ 3366073 4+  236,05: = T
250051 + 235495: +  :35487: + 135485: 4+ 2354853 + 1354822 ~  235,81: + i3
$65e64: + 3254703, 4+  335,62: + 3354621 = 2254653 + 13154003 -+  335,66: = t2
$5¢402 + 135445t 4 3354425 =  135¢423 4+  135e4l: + 2154403 =~  $45440: - 1t
156223 + 1354303 + 2354303 = 3254281 + 2354262 + 1354253 =  135427: = s
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TABLE 1

Incubatoed at 37° ¢,

trootment,

]

%t WaCl , 3% MaCl ., 4% NaCl ., & iaC1

H
Heat

b
. Yo HaCl
t

80O C, :36.55%

pIl sGrovwbh : pH :Growthys

pH :Grouthxt pI :Growthss pl sGrowbths: pl :Crdwth;.

+  136e423  + 238,877+ 4364871+ 136e57r 4 $36eB4: . al

136,27:  + © ie64268 4 236420z + 33Ge10: 4+ 236,103 4+ 126.07: + 1€

for 20 :35¢95: + 235,95t + 235487 4 135,851 4+ 135485t + 1854021 % 3af
135.64: 4+ 215,70t + 335,623 4+  2:5¢68: + 315,652 + 125,60t -+ - 3

min., :154408 + 115,451 & 110.42: 4. 135,421 + 115,413 4+ 135.40: 4 saE
3354223 . 1354308 4+ 315430s 4+ 335,883 4+ 2154263 - 3254251 =  t3E

900 Co :26,65: + ::6e425 -+ 2364572 + ::6a87: + 116.37: + 136,34t + 13
236427t + 136426t + 316,102 4+ 236,103 4+ 216,10t +  ::5,07s 4+ 23

for 20 1254058 + 1:5495: +  235.87: 4+ - 1154851 + :t5eB5:1 4  3:5.82: 4 22
12564: + 235,70t 4+  3:5,62: + 35,623 + 115465t -+ 135,003 4  s3f

mine $:5:408 + 335,453 + 1354421 + 1354421 4+ 3:5.4Lls o+ 235,401 - 13E
1356222 + 2359308 4 1354308 A4 335428t 4 2154203 & 325,863 =  23E

Boiling 1204001 T+  t10ed028 +  130es7t +  130e07s -+ 33Ce0lt + 110,041 + 330
wotor 3627t 4 1316425 4+  3:6,10: +.  :36.10: +  £:6410: 4+ p36.07: + 316
Tor 20 1254958 4 1354952 + 335487t + 135,853 + 215,858 -+ 135,821 + 238
mine :356e64s 4+ 235,703 + 235,623 + 135,621 + 225,661 4+  135.60: + 18
215e40: + 35,458 -+ 1354423 4+ 1354421 4+ s:Bedls +  £36440: + 135

:35e223 + 3354303 4 235,303 4+ 2354283 + 3354268 e~ 3304201 = 330






TADLE VIII (CON !TINUED)

312
eys Incuboted ot room toaperaturc
5% aCl ., G MaCl 3;;; Jo 1aCl 0 LIMCL (L B |, SOl L. &Gl .. g
thsy pII $Crovrthy s pH «Growkh | 383 & il sGrovthes piI sGrowdhe: 1?2 zlrowthse plI :Crowkhss pl sOrowbhas pll’
——— R T - ——————

536484t + 13104363 + - riGuGht + 2204423+ 1804575 +  21GaDT: + 136378 +  130.5
116407s + 126,058 + 12zBa87s + 1206203+ 226,103 4 220,108 4+ 236610: 4+ 11010
3854828 +  335.8lt + 133356068 ¢ 330901 4+ 23587 4 :uBeBB: 4 3tDeBS: 4+ 158
12560t ~+  3$:5456: +  22:DeBA: ¢ x3Bo702r 4+ 3:8a825 4 3304023+ 2:5.65t + 33540
£35.401 + 2854401 = TpaeBetDl b 135eA5: +  120.42: 4+ 1:6ei2: =  s3Befl:s +  p:5ad
3354251 = 235273 = 123154225 4 130,308 ¢ £35.30r + 3352201 4 385.208 ~ 236l
$36e34: 4+  $:64363 + L:::GV.SS: -+ SGeEZS & 130e0f¥  *  $20e07t 3306878 4 1tled
--5,97; +  136.05: + $1:0e27: + 1304282 4+ 320010 + sCal0: 216202 4+ 1:0,0
125482 4 ::5.81lt + :,:::5&95: 4 23500 4+ 21548T: + 115, 89: +  135486: + 2358
w.GO- + .:o'.56: + 22256048+ 335,703+ 230e02: 4+ 255.02: + 335,051 ¥+ 28540
$35,408 = 115440 - =:;o.f“~ +  p3Deibz .w.t:&* = 3:Dedilt +  2:Badl: = 3G
1354253 = 335273 = l_g 11Dt 250002 & 2354303 4 1350280t 4+ 3354282 - 335,32
t16e008 + 3364003 + 22204508 + ::G.’Q 1+ 330e37r A 23G,37: + 236037y + 5:Gen
3364078 +  $364056% +  23sGe27r + 130253 4 330.10: b 2iGd0: + 20 10¢ + 2:6.0
315482t +  $3548l8 + 13525053 o+ 235495t +  535.87r o+ 325851 + 315.85: 4  e:5.8
$354801 + 135456t = - 15325641 4+ 225,701+ :35.62: + 335,02t 4+ 535.05: 4+ 1250
556;40: + 215440t = £320480: -+ 23B480: + 215442 4 135442: Bodls + 33548
325258 =~ 135427 = 33250088 4 330303 4 £35,308 + 215,281 4  235426f = 35,2

i e
!
i

i






Incubated ot room tomeraturo

x5 ome o sima D ogima I wlme () stma

o sy

: s e
. 05 HaCl

. -

sovthe: pil :lrowbhes i sOrowbhss pH :Growthss pil 1Orowbhsy pll sGrovithes pil «Crowihe:
- — e

EmSe e e o = o B o
4 1504801 4 1364075 4 t10eST: 4+ 33GeST7r ¥ g30e0%: 4+ 1354303 4+ st
+ 3306803 ¥+ 36,103 &  236,10% -+ 236410+ 2:030T¢ 4 136405 4+ o s
1254901 b $3:5e87: o+ 230eD0z 4 230480y + 2354822 + 53D00it -
+ 235701 4+ 230.083 4 335,033 4+ 2858 4+ 3304603 « . 23556y = ip
3354452 & 350421 4+ 1:DeiB: -  53Bedls o+ 525440y = 130803 -« 3t
4 185003 ¢ 235080z 4 335008 4 150e201 =~ 23005 e 22527 - 13
+  tabotus +  1t0eudy 4+ 30607t 4+ t30e0%3 4 18003%Gr 4+ t3he00Y ¢+ 13
+ 21304081 4+ 33010 1G04+ 236ed02 4 230e07r 4+ 120,05: -~ - 13
4 325,008 b 235487t 4+ 125,05 4 235485r 4+ 2350823 4+ ¢:5eBly = g3
+ 2354703+ 2356028 4 2354023 4 330003 4 2204003 =~ 23580 = 13
3Dl b 2300032 = 3sDedils 4+ ziBedly = $354403 = 3:0.8De g2
4 225,502 o+ 2:5.803 4 2850803 4 38De803 e 330:8803 - 435271 = 3
+ 130082 +  230e37: + 230e37: +  33Ge5T3 o+ 310684t + 23643063 + ¢
4 2364202 o 220,10: 4 2806201 4+ 23Ge10: ¢ 2:Ge0T: o+ 230405 ~ 38
4 33805t 4+ 32087t 4+ 32048853+ 33080z 4+ £35402: +  235e8ly + st
4 2354708 +  210.08: 4+ 125402t 4 215.080s o+ 135400 4+ 32B.562 - pg
+  230480: b 215488 ¢ 1354021+ siBeflr + 3304408 = 5Bl o g2
A 2356303 4 230,303 + 2304881 + 335,208 e~ 235,25 = 525873 0~ t:
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at 37° ¢, All of tho tubes conbaining no selt or 1 per cont salt
shaowed proteolysis bub scovoral tubes in the hipgher salt concenbratlons
aid nob, and with somo of thesc the duplicate tubes at 37° C. did show
proteolysis. All of the exposurcs which permitted proteolysis at room
temperature also permitted it et 379 C,.

Another trial in vihich Orgonimm C1l~6 vns used, was made in the
game namer s the first, except thel tubes wers not incubated at room
tamperature. lio salt, 2, 4, G, 8, and 10 por cent salh, rospectively,
wero added to the G flasks of inoeulatod litmus milk. Seven pli
sories wore cmployed, ranping from plf 6.60 to 4.92. Tho exposures
omployed werc: no heat, G0, 709, £0°, and 90° C. for 20 minutes.
After incubetion at 87° C. for 18 days the tubes which shoved
mroteolysis vore roéordcd and those which did not show protoolysis
wero cultured in fresh litmus milk. These transfers were coverod with
peraffine~vaceline plugs and incubated at 37° C. for 8 days. The re-
sults of lho' trial are given in Teble IX.end Graph III.

Then no solt was added, proteolysis occurred at e pll as low as
4,92, bub with £ per cent sall the lowest plI at vhiich protoolysis
occurred was 5.39. As the salt conconlration inereased the pil required
to provent protoolysis incrcased until vdth 10 per cowmt salt proteolysis
did not oceowr ot pll 6.06 or lowor. Exactly tho swno results werc obtain-
ed at all of tho temporatwes studied, ranging from no heat to 90° C,
for 20 mimttos. Then thoso tubes which did not show protoolysis wore

cultwred in normal litmus nill: all of them producod proteolysis, indicat-
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TABLE IX (coiT

1

T

1UED)

Heat ff Wo WaCl :: 27 HaCl :: 47 MaCl 65 MaCl :: &% HaCl :; 10 MaCl ts
treatment | o :Growth:: pi :Growth:: pil :Crowth:: pi :Growth:: pif :Growth:: ph : Growth::
t: 6.60: : 6438: 64312 t: 64302 64302 Ge3%i: I s
70° Co  :: Go42: : Ga22: 6.17: 6.07: 64072 640813 s
st 6L.05: t 5e96: 5.85: 5493 5692 549022 s
for 20 s: 5752 : 54802 5466: 5682 5¢68: 546521 :
Ded9t ¢ 5.,68: 54572 54552 5.57: 5e553: :
min. 5e23: t 54392 5e40: Ge35: 54393 54361 :
4,922 s 5.18: 54103 5e18: 5e18: 56213 3
Ge603 t Ce38: 63l 6430 Ge20 Gedldzs H
80° C. Bed2t 64223 6.17: 6.07: 64072 64063+ :
: 54851 54932 54923 5.90 :

for 20

min.
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Graph III. Combinations of pl velues and selt
concentration required to provent proteolysis
by the liquefying Organism Cl-6,



=5T-

ing that the orgoanism had not been killed by tho oxposure, bubt was

only inhibited by the high selt ond low pil.

Descriptbion of tho orpenism. The orgonism that was found to be re-

sponsible for liquefaction in crcam cheoese sproads was studied
morphologleally, culturelly, emd biochemlcally. It was an enaerobic,
sporc forming organism which was 047 Ly 4 or § microns in size and
motile by meens of poritrichous flegella. Liost of the ctrains formed
acid ond pgeo {rom levulosc, galactose, dextrose, maliose, moxmitol,
doxtrin, and glycerol; and a few streins also formed acld and gas from
arabinose, salicin and starch. TFrom the rosults of the study, the

organism was identifled es Clostridium sporogencse. It should be nobed

thet Ceiszar (7 ond 8) found Clostridium sporopones to be the organism

most cammonly responsible for spoilago in process cheesc.



SULIIARY AND CONCLUSIONS

As wms to bo expected, the outbreak of gas formation in croom
choose spreads vms caused by e heet resistent anncrol_)ic orgenism. The
organism whs very wmsual in its grovrb.h;_rcqnirements, gince it could
be grovm only in peptone-litims nmillz, in litmws milk to which s small
enount of Roquefort type cheese had boeen added and in Roguefort type
cheese omulalon.

Iinoteen culbures of the gas producing organicm wore isolated; 12
came from 12 differont lots of defective Roquefort type creem chooso
spread, § from domostic bluc cheese, and 1 ocach from Danish blou omd
French bleu, The fact that tho orpanism vas isolated from French bleu
ond Danish blou checse disproved the thcoi*jft ';;ho:b thoe gassiness in creen
checoe sproads vas cnused by an organism present in domostic blue but not
prosent in tho imported cheesos.

The gas producing orgenism was found to be very hoat resistant in
peplone~litmus nilk ot high pll valuos, but as the pH was lovered the
heat resistance wes also lovered. Tho addition of salt in concambrutions
over 2 por cont decreased the hoat resistence of the organiam at a given
plle Since Roquofort type choese contains 4 to 5 per cent salt, the ad-
dition of onough acid to lawer the pil to about 5.40, togothor vith the
holding of the cheese at 85° C, for 20 minutes, should oneble the

manufacturers of Roquofort type checse sproads to meke sprond in vhich



ges production does not occur, even though the organism is kmown to
be proscent in the cheosc.

Since the organism was 5o heat resistant, it was plocod in the
gonus Clostridium, ovon though spores wero never obsor.vod- The name

Clostridium peptophilum is proposed for it. The description of tho

orgenism is vory meager because it could bo grovm in only a vory fow
medin.

Liquofaction in cream cheese spreoads wasg also found to be duc to
the action of a heat rosistant anaorobic orgenism. The orgenism wao

identified as Clostridium spororenes.

Clostridium sporogonos wms not killed by healing at 952 ¢, for

20 minubes in litmus milk with a P of 5.21 and a selt concentration
of 10 por cent. It was possible to irhibit the digestion of the millk
by combinations of salt concentretion and pH, but in all cases the salt
conicontration and pil values which would inhibit digestion were too low

Yo be usod commercially in croam cheose sproeds.
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