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GEVERAL INTRODUCTION

The ripening o;f.‘ blue cheese involves the breoakdovm of fats
and proteins through the activities of the respeotive enzymes, lipases
and proteases. These engymes are nslaborated iu large quantities by the
penicillia employed in the ripening end are alsc present in small amounts
in raw milk,

Flavor development in blue cheese is generally believed to be
largely the result of fat hydrolysis. Some pemicillia are capable of
hydrolyzing fat with an accumlation of caproioc, caprylic and caepric acids
end their reedily hydrolyzable salts; these constituents are believed to
be responsible for the peppery flavor of blue cheese. When grown under
wnfavorable conditions the penicillie are thought to decompose the fatty
aclds to methyl kebtones through a beta=oxidatior; the very important
mothyl-n-amyl ketone 1z formed from caprylic acid. The methyl ketones
contribute to the typicel flavor of blue cheese.

The proteolytic enzymes decompose milk proteins to their
various degradation products, such as peptones, peptids, asmino acids and
ammonia. Although these enzymes supposedly do not funotion in flavor de=
volopment, they are of importence in breaking dowm the curd to the proper
consistency., Absonce of proteolytic enrymos probably would result in
cheese fully developed in flavor but possessing s hard brittle body.

The time required for ripening of blue cheese is undoubtedly

responsible for much wncertainty concermming the quallty of cheese and ise



also of sconomic importance from the standpoint of capitel tumover,
Hence, the possibility of employing cultural methods in selecting strains
of penicillia for the purpose of stendardizing the quality of the cheesse,

as well as to reduce the time of ripening, is of importance to the cheese

industry,



GENERAL STATEMENT OF PROBLEM

The object of the work reported herein was to determine thes

l. Lipolytic end proteolytic aotivities of warious penicillia em=
ployed in the ripening of blue cheese.

2, Relationshlp between the lipolytic sotivities of penicillim and
the ripening of blue cheese, from the atandpoint of (&) time of
ripening end (b) quality of the cheese.

3. Reletionship hetween the proteolytic activities of penicillia and
the ripeming of blue cheese, with respect to (a) time of
ripening and (b) quality of the cheese.

i, Feasidility of employing ocultural methods in the selection of

strains of poniclillia suitable for the ripening of blue cheese,
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GENERAL REVIEW OF LITERATURE

Manufacture of Blue Veined Cheeoses

Varlous procedures have been proposed for the manufacture of
roquefort end related types of cheeses Marre (51) published a text in
which a method is described for the manufacture of roquefort cheese from
shesp's milk., Procedures for the manufaoture of stilton and wensleydele
cheeses were outlined by Benson (5). Golding (23) proposed a method of
making wensleydale cheese under Canadian conditions. Funder (22) reported
a modified procedure for producing roquefort cheese in Norway,

A method for manufacturing goats! milk roquefort cheese in
California was suggested by Haoll and Phillips (32), The product was ree
ported to be equal in quality to imported roquefort cheese made from
sheep’s milk,

In the United States various attempts have been made to manue-
facturs a modified roquefort typs cheese from cows' mllk., One such method
was published by Thom, Matheson and Currie (76), who concluded that the
flavor and texture of cows'! mllk cheese can approximate that of sheep's
milk cheese but cannot duplicate it. The investigation was continued by
Metheson (52) and, after extensive research, he outlined a deteiled proe
cedure for the manufecture of cows! milk roquefort cheese, which he be-
lieved could be made successfully and profitably. Goss, Nielson and

Mortensen (31) proposed a modified method for the manufacture of blue
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cheese from cows! milk, Lene and Hammer (L6) suggested a method for the
manufacture of blue cheese from homogenized cows! milke This involved
modifications in the manufacturing procedure other than the homogenization.
After an extenslve gtudy of various factors involved in the ripening of
blue cheese, Lane and Hammer (L7) reported that cheese could be rather con=
gistontly prepared from homogenized milk which was lighter in color,

gofter in body, possessed a more peppery ilavor and ripenod faster than
cheese made from unhomogenized milk, These workers lalso found homogeni zed
cows' milk to be generally more satisfactory than unhomogenized goats!
millk for the manufacture of blue cheess, Homogenization pressures of

3000 plus 500 pounds ordinarily produced most satisfactory results, ale

though 2000 plus 500 pounds also gave good results.

Hicrcorganisms of Importance in Ripening of

Blue Veined Cheeaes

The literature dealing with the general types of micro-
organisms associated with ripening of blue veined cheeses reveals a close
sgreement in results obtained by various investigators. Thom (71) con~

cluded that laoctic acid bacteria and Penleillium roqueforti are the only

organisms necessary in the ripening of roquefort and related types of
cheese; this mold was also found in stilton, gorgonzola and brinse
cheeses, From stilton cheese Percival and Mason (59) isolated various

orgenisms, including Stroptococcus acidi lactiol, a species of Thyrothrix,

Peniocillium glaucum end a round form of Torula; Penicillium glauocum wes

reported to be checked in growth by the Thyrothrix. Lactis acid bacteria



12

wore predominant in the early stages of ripening; there was then a gradual
decline in the number of these orgsuisms and in the later stages of ripen=

ing Penicillium glaucum and & form of Torula were the most abundent. Thom

and Matheson (75) reported the presence in roguefort cheese of various

typos of orgenisms consisting of Penlicillium roquefortl, the common lactic

acld bacteria, including both the Bacillus lactls acidi and the Bacillus

bulgsrious groups, some liquefying orgenisms, a small number of yeasts and
the varied flora of the surface slime, The slime on the surface of chesse
was not bollieved to function in the development of cheese flavor but to
serve only eg an index of humidity and temperature conditions in cheaese
ripening. According to Evans (21), the esscntial organisms in the ripen=-

ing of roquefort cheese ere Streptococcus lacticus end Penicillium

roqueforti. The surface slime was found to consist of micrococel, rod
forms and yeasts. EFvans also concluded that encymes contained in the

slime are umecessery for the ripening of cheese.
Penicillia Associated with Ripening of
Blue Veined Cheeses

The mold associated with the ripening of blue veined cheeses

vas referred to by many of the earller workers as Penicillium glauoum,

Thom (71), in studying fungli employed in cheese ripening, isolated and

described the mold in roquefort cheese and named 1t Penieillium roqueforti.

Attempts have been made to differentiate the various strains
of penicillia concerned with blue veined cheess ripening. Of twelve

cheeses examined by Steuart (68), inoluding roquefort, gorgonzola, stilton,
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wensleydale and blue caerphilly, Penioillium roqueforti was predominant in

eight but completely absent in three. Golding (24) reported that the

dominant mold in wensleydale cheese differed from Peniocillium roqueforti,

since the strain from wensleydale cheese produced a slight amount of acid

in wheyepeptone~litmus gelatin, whereas Penicillium roqueforti produced

none., IHe also found that, when compared with the wensleydale mold,

Penicillium roqueforti digested casein four times as rapidly, Similarly,

Arnandi (2) found comperatively large variations in morphologic and cule
tural characteristlos of fifteen strains of pemicillia isolated from an
equal number of gorgonzole chessa. This investigator concluded thet, by
the lsolatlon and selection of cultures, strains could be obtained which
had a more beneficial effect on cheese than others. According to Thom

(73), different strains of Penicillium rogueforti show such large varia-

tions in their biochemicel characteristics that their practiocal usefulness
is affected, and differences in the strains were found to influence the
quality of the cheeses. Eight ocultures of penicillia associated with the
ripening of blue cheese were studied by Lane (L5). He found they varied
considerably. Certain mold strains regulerly produced cheese with a
desirable flavor, whereas others ware assoociated with cheese lacking in

flavor or having off flavors.
General Action of the Penicillia Associated with
Ripening of Blue Veined Cheeses

Various investigators have noted that penicillia employed in

blue veined cheese ripeuing have the ability to utilize aclids for thelr
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developmont. Thom, Matheson and Currie (76) reported that in the ripen=

ing of roquefort cheese Penlellllum roqueforti plays a major role. They

bollieved that ripening 1s drought about by the mold through engyme produce
tion, which causes reduction of acidlty and partial decomposition of the
fat and protoin. TFrom a study of the volatlile ocidity of stilton cheese,
Hiscox (37) concluded that volatile aclids produced by bacteria during the
enrly stages of ripening aro utlilized by the molds, so that there is &
docrense in the amownt of volatile acids after extended ripening. Laxa
(49) found that cortain volatile acids studied by him were utilized by

Penicillium glaucum. Rahn (61) reported that Penieillium plaucum showed a

preferenco for the lower fatty acids and that they were completely decom=
posed by this molde Similarly, Bryant (8) found that the lower fatty

acids were utilized by Penmlclillium roqueforti when this mold wes inoculated

into sterile skim milk containing these acids and also that more of the

aclids of lower molecular weight were utilized than of higher molecular
welight,

Factors Affecting CGrowth of Various Pemicillia

From the work of different investigators, it is evident that

the growth of Pemicillium roquefortl is influenced by variations in

environmentel conditions. Golding (26) reported that the growth of

Penicillium roqueforti in milk was inoreased by the addition of small

amounts of oltric acid and suggested that the type of starter might ine
fluence mold growth, In a synthaetic medium acetic acid increased mold

growth, whersas oltric acld had an inhibiting effect. Laxa (49)
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dotewmined the effect of ncetic, butyric snd ceprylic molds on the growth

of Penicillium roqueforti end Oidium lactis by growing the molds on media

containing then. He reported that the toxdeity of these fatty scids ine
creased with the increase in molecular welght,

According to Bryant (7), more rapid mold growth vms obbained
whon blue cheese wore inoculated with new spores thar when either mycelium
or old spores werc used.

Naylor, Smith and Collins (55) obbtained the heaviest growth of

Penicilliwn roqueforti on a synthetioc medium sdjusted to pH 4.5 and con=

taining a small amount of ammonium chloride. In an endeavor to produce a

strong onzyme extract from Penicillium roqueforti, Golding (28) obtained

excellent mold growth by using e modified Dox salt solution with increased
proportions of casein and dextrose, Maximum mold felte were obtained when
the medlum contalned 5 per cent casein amd 20 per cent dextrose.

Golding (27) found that tho addition of ammonium chloride to

curd did not increase the growth of Penleillium roquefortl but had a
slight detrimental offecte .

Golding (29) reported that the introduction of air and oxygen,
as well as the removal of carbon dioxide, favored the growth of mold in
checse; skewering cheese was the most effective method of increasing mold
growths Later he subjected wensleydale cheese in steel oylinders to con=
tinuous snd also to intermlttent alr pressures; although both types of
pressure inoreased mold growth in the cheese, the intermittent method zave
the better results. Thom and Curries (74) found that, among several

species of penlcillia and aspergilli, only Penicillium roqueforti produced




,

16

colonies showlng Lfairly good development In an atwosphere of 75 per cend
carbon dioxide, wiiich was the equivaleat of 5 per cant free oxygea in the
wlxturos Ian a recant report, Goldlnz (20) concluded that the growth of

Peniecillliwn roquefortl In cheese is not limited as much by the absence of

oxygen as by the presence of carbon dloxide ané that the purpose of
skewerlag or punching a checse is to permit the carbon dioxide to escape
rather than to admit oxygem.

In 2 study orf salt as 2 factor in mold riponed cheese, Thom
(72) found that in the presence of a high concemtration of salt {about L0

per cent) in roquefort cheese Ponleillium rogueforti developed normelly,

There occurred only a negligible growth of the usual contamineting types

of microorgenisms, and the growth of Oidium lectis wes completely stopped.

Golding (25) lavestigated the selt tolerance of Penicillium rogueforti and

reported that the salt concentratioas noxmally found in roquefort cheess
may slow up but not stop mold growth. According to Bryant (7), the con-
contration of salt found in blue cheese inhibits the growth of haoteria
normally found in this type of cheese,

Lano end Hemmer (48) reported that when 2 pexr cent salt was
added to tho curd befors hooping better mold growth sometimes resultedp
the chesse quite rogularly were lighter in color and certein flavor

defects were usually controllsd.

Lipase in Milk

The early investigations by Thatcher and Dahlberg (70) and

by Palmer (58) failed to demonstrate the presonce of lipase in milk, but
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more recent findings of Nair (54), Hennebsrg (35), Xay, Matbick ond
@olloy (L1), Yattick and Koy (53) and Hilsman and Courtnsy (3¢) have
dofinitely established 1t as a nomal constituent of raw milk, Pfoffer,
Jackaon and Vockel (60) reported that lipase is present in tho alim mill
fraction and that it is found in a more conceatratod fora in the slime of
the soparator bowl, Kralovsky and Herrington (L42) studied the activity
of lipase in milk and fouwind an Incroanse in free fatby acids betwsen the
time of milkins and the tlne of delivaery to the pesteurizing plent. YWhen
ray milk was warmed Lo about 30° C, and cooled, the subsequent ratc of
lipolysis wus greatly iucreased. They believed that two typoes of lipase
are presont In milk, as evidonced by differemt reoctions toward lormaldee
hyde. HKrukovsky and Sharp (L43) induced lipolysis of fat by shaking raw
gows! milk while the fat was in a ligquid or partially liguid state, and
the lipolysis was coutinusd after the milk was cooled and held at 2.0° C.
They attributed the effaect of shaling to an zlteration in the surlace
character of the fat globules which created more favorable conditions for
lipolysiss In o atudy of the effecis of homogenization upon milk, Sharp
and de Tomasi (6l)) reported increased develogment of rancidity withlin-
creasing homogenizing prassure and a rise in temperature up %o 30.7° C.
However, rancidity development was retarded at temperatures ranging from
378° to 1)6,1° ¢, Dorner end Widmer (18) found & much inoreased activity
of lipase in milk es & result of homogenization and believed that the more
extensive lipolysis was due to the greatly inocreased surface area of the
fat globules. They found that lipnse wes inactivated by the following

oxposurest 5L.l4° C, for 20 minutes, 58.9° C. for 10 minutes, 62.8° C. for



13

5 minutes and 70° €. iastantaneous exposure. They slso belioved that
lipuse is pregent in the milk serwm,

In a prelinminary paper denling with homogenization of raw nilk
Mor hlue cheese, Lane and Hammor (1j6) reported that the ocurd waus more
flaky, lighter in color aad possessed a wmore btypical flavos ond aroma than
that from wnhomogenized nilk, The runeid flavor and odor which charactore
ized the curd Lfrom homogenized mllik were atiribubed to ‘the action of
lipase upon tho finely divided fats This obssrvation wmaz substentiated by
nore extensivo studies conducted by Lane and Hemaer (L7), who concluded
that wilk lipase definitely alds in cheess rlpening since dheose made from
ray skim nilk plus fat constitueats aud subjected to homogenization
gquickly developed rancidity and the flavor and aroms of mebhyl-n-anyl
ketoue, wherons no zarly rancidity or ketone flavor and arovie developsd in
the cheose made from pastsurized skim milk plus the fat substauces.
pleffer, Jaoclkson and Weckel (60) sugzested that the increased activity of
lipase in homogenized raw milk is not dué autirely to decrease in the slze

of the fat globules,

Flavor Production in Blue Velned Cheeses

Flavor production im blue veined cheeses and identificatlon of
the spocifio substances responslible for the flevor and aroma of choeses
belonging to this group have received considerable attention. Orla=Jensen
(57) ooncluded that the chief aroma constituent of roguefort cheese was
the very sharp-tasting ethyl butyrate. No data were offored in support of

this conelusion, the substance apparently being identified by smell,
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Tolwmann (80) assimnoed the ranoid sharp flevor of French roguefort,
warzllish sbllton and Italian sormonzola cheeses to the activity of the
zreen »onleillia, since the characteristic flavor wms observed efter
spars fovrmation, Flavor productlon in roquefort cheese vms studied in dew
tnil by Curriz (15), who concluded that the neppary taste or burning
offlact produced om the palate and tongmo by this type of cheese is due +o
eaproic, caprylic and caprle acids, together wlth their easily hydrolyze
able salts, which are formed ag a reanlt of hydrolysis of milk fat.
Currle (16) olso reported that roquefort choese from shaeopts milk is far
more poppe~y than cheess of equel ripeness from cows! milk, ‘fhis, Currie
helieved, vms provsbly due to the roledively hizh percentage of sharp
tasting ccids obtained on hydrolysis of sheepts milk, Corminhauf {13)
found a direct relatlonship betwsen the emount of volatile aclds and ine
tongity of flavor in roquefort cheese., Leno (U45) compered eight strains
of peniclllin which wers found to produce wariable amountes of vyolatile
acids in blue chesse, although approximotely the seme aclde were produced
by the different strains. He reported that one mold in particular
regularly was capable of producing wvery fine cheose, wheress others weres
associated with cheese lacking in flavors Asg u rule cheese containing
relatively large amounts of these volatile acids possessed mors of the
characteristic peppery flavor and aroma of blue cheese than the product
containing small emounts of acidse Subseguent investigutions by Lane
and Hammer (li7) substentlated these results. It was pointed out by them
that the volatile acidity velues lor cheese made from homogenized milk

wors roughly two to four times the velues for cheese made from
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unhomogenized milk, They also found that cheese made from pasteurized
homogenized milk did not ripen as rapidly as cheese made from raw homo=
genized milk, However, when compared with cheese made from raw unhomow
goenized milk, the pasteuriged homogenired product showed a more rapid de~
velopment of volatile acid, higher acid values on fat and a morse character~
istic flavor,

Coulter and Combs (1) mcocelerated blue chesse ripeming ma=
toerially by addition of steapsin to the milk or curd. Although generally
acoeptable to the trade, the cheese vms regarded as inferlor by competent
Judges who ceriticized it as possessing a bitter flavor. Cheese ripened
without mold but with steapsin alone developed rancid and at:}pical flavors.

In a study dealing with methyl ketone formation in the decom=
position of coconut fat, Starkle (67) discussed the possibility of these
compounds being of importance in the rancidity of butter and cheeses This
investigator concluded that the oharacterietic arome substances formed in
mold ripened roquefort cheese are methyl ketones, instead of butyric acid
esters, In a steam distillate from roquefort cheese, he obtained about 2
drops of material that had intemnsive odors of methylwamyl and methyle
heptyl ketones. The mixed semiecarbazone had a o¢rude melting point of
105° to 107° C. The amount recovered was too small to permit separation
and identifiocation of the components. It wes saponified with sulfuric
aoid and the odors of methyl~amyl and methylwheptyl ketones were noted.

Acklin (1) studied the formation of methyl ketones by

Peniecillium glaucum from the ammoniwm salts of normal monocarboxyllie

fatty aolds (from butyric amcid up to and including myristic acid).
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Althonth no katone was farmed from batyrice sr waleric asclds, mathyl ketone
nroduetion from the romainder of the serles was demonstrated. Ma cone-

cluded ‘that the renction occurs as o bota-oxidation, thus resulting in the
formation 2T n kebo asid, which is then Marther oxidized to the ketone and
carbon dioxide, acetic meid and possibly some secondary 2leshsls. Acklin
rlso investizated the formation of methylenronyl ketone from canroic aseid

by Peniclllinm slavcun and found that the percantare yield was depsndent

uron the cancantration of tha neid in the substrete. Tricaproin produced
zrentor yields of the ketons than the eorresponding acid, Inbuffered
aolutions of this aster, with »n initisl oH of 7.6, gave LB per cent of
the kotone, whereas solutions buffered to pH 7.6 and L.2 gave nerceninre
vizlds of the ketone of 35 emd 30 ner cent, respectively,

Stokne (€9) studied the formation of methyl ketones from
fatbty rpcids byr the action of molds on cozonut oilse Presumsbly the heta
carhbon ahbam is attacked, resuliing in the formotion of a keto seids In a
nomral decomposition this is furthsr broken down, resulting in the forma-
tion of a fatty ecid contelning two less carbon atoms and scetic acid.

He bolieved that methyl ketone is formed because the adsorption of toxic
fatby 2cld by +the molds inpedes normal respiration, resulting in a condie
“ion wherein the keto aeld is decomposed to methyl kotonc and carbon
dioxide, Stokes also wns of the opinion that only the acids up to laurle
ncid are nbsorbed and conseguontly lketones of higher molocular weicht than
methyl-nonyl ketone ure not formed,

In an investigotion of fabt as & nutriomt medium for

Penieillium glavcum, Kissner (Ll) found that the decomporition resulted in




Pormation of fatly aclids of lower moleculnr welchh, The double bonds of
the wnsehuratod fathy cclds wore belloeved to play en Imporbont pert in the
fat hydrolysis, sirce emelysis of the decuapoesitlon products revorlad o
lowerinz An lodine wnlue, vhich wes accomprniod by en incressce in the
ecetyl value. The formntion of hydroxyl sronpe ot the doublo honds wos
believrad to be a2 stop In thoe breakdown «f the wnsaturated felby scids,
Myoerel viee quiekly utilized by the molds,

Harmer exnd 2ryest (3) studied the flavor comstituents of Llue
cheose aud cencludod that mothylen-onyl ketone 1o en Lwportent flevor
contribubant. They balileved that this compownd is formed from ecaprylie

veid through the esction of Penlelllivm roqueforti under unfavorable

conditions ol growth,
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GENERAL METHODS

Sources of Cultures

The streins of penicillia studlied were from various sourcos.
Host of them were from culture collections, whereas others were isolated
from various samples of blus veined cheeses. The sources and identifie

cations of the orgenisms are presented in the following tabulation.

Cui:x:ra Source Identification
Ia, St. Col. collactions:
1 Mold No. 1 P. roqueforti
3 Mold Noe. 3, isclation from Danish P. oxalicum
blue cheess
L Mold No. L Unidentified Penicillium
5 Danish A mold Ps roqueforti
6 Danish B mold Y. roquefortl
7 Mold No. 83L, J. M. Rosell Pe roquelorti
8 Mold No. 835, J. Me Rosell F. roqueiorti
9 Mold No. P6 P, roquefortli
10 Mold Noe. 33, N. S. Goldling P. roqueforti
11 Mold No. 16, Ne S. Golding P, gorgonzola
12 Pe. Simonart Pe gorgonzola, Biourge
13 P. Simonart P+ gorgonszola typeo
1 P. Simonart P, stilton, Biourge
15 P. Simonart P, roqueforti, Thom
16 Ce Be Lane, isolation from Buttor~ P, gorgonzola
fly brand cheese
17 C. Bs Lane, isolatlion from Neptune Unidentified Penicillium
brand cheese
18 Ce B. Lame, isoliation from European P, ohrysogenum
brand cheese
20 Cs B. Lane Unidentified Penicillium
21 Ce Bs, Lare, isolatlon from Grove P. roqueforti
City ohesse
22 Ce B+ Lane, obtained from C, Thom Po roqueforti

oculture collection
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23 Cs B. Lane, isolation from Zenith Unldentified Penicillium
brand cheese
2l Ce B. Lane, source not given P, roqueforti
Misc, colleotionsi
‘ 25 Isolation from air P. roqueforti
| 26 Isolation from imported French Fe rogueforti
| Roquefort cheese
26b Isolation from imported French P, roqueforti
Roquefort cheese
27 Isolation from imported French P, roqueforti
Roquefort cheese
In Univ, of Mimn, collection, P. roqueforti
He Co Ma.ey
Le Isolation from blue chesse Unidentified Penicillium

Basic Medium

Czapekt!s solution egar, originelly recommended by Czapek and
later modified by Dox (19) and by Thom (73), wes used as the basic sube

strates 1t had the followlng composition.

Water 1000,0 ml.
Sodium nitrate 20 gme
Mono potassium phosphate 1.0 gm.
Magnesium sulfate 0.5 gme
Potassium chloride 0.5 gme
Farrous sulfate 0,01 gma
Sucrose 15040 gm.
Agar 15,0 to 2040 gme

Organic nutrients and inorganic constituents were added to the

medium aocording to the specinl type of decomposition being studied.

Methods for Determination of Lipolytic Activitiles

of Penicillia

Moedia for determinstion of lipolysls

For the lipolytic studies the media were prepared according to
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methods suggested by Long end Hammer (50), with the exception that
Czepek!s solution agar was used as the basic substrate instead of beef
infusion agar, The media employed were prepured as follows.

a. Natural fat technique: The medium consisted of Czapek's

solution agar contailning dispersed natural fat, either butterfat or
cottonseed oile. Proper distribution of the fat wae obtained by prepering
an emulslon conslsting of 3.0 ml, of lat, 0.5 gm. of agar and 100 ml. of
vater; the mixture was sterilised in a l} ouncs serew cap bottls and,
after it had cooled, the fat was disperszed as mimute globules by vigorous
agitations Approximately 0.5 mls of en emulsion was generally used per
plate end was added lmmediantely before pouring with agar.

bs HNile blue sulfate technique: The medium consistoed of

Cuapek's agar containing dispersed fot (butterfat or cottonssed oil) and
nile blue sulfate, The omulsion was prepared as outlined under (a).
Approximetely 0.5 ml. of an emulsion was added to cach plate before poure
Ing with agar. Fiftteen ml, of the agar contalning nile blue sulfate,
usually in the proportion of 1 part to 15,000 parts of sgar although in
gome instances in the proportion of 1 part to 10,000 parts of apar, was

usad per plate.

ce Simple triglyceride technique: Ths medium consisted of

Czapelc's' agar containing wvarious dispersed simple triglycerides.
Frulsions were prepared as outlined under (a) with the exception of the
amounts of meteriels used in the mixtures. From 5 to & per cent of trie
propionin, tributyrin or trivalerin, from 3 to 4.75 per cent of tri=-

caproin, triheptylin, tricaprylin, tricaprin or triolein and from 2 to
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2.75 per cent trilaurin, trimyristin, tripalmitin or tristearin were used
in the respective emulsions; all of the triglycerides were of the normal
acids. The usual amount of an emulsion (0.5 ml,) was added to each plate
before pouring. When eimple triglycerides of releatively high melting
points* were used, it was necessary to heat the mixtures to temperatures
above their melting points and, after vigorous agitation, 0.5 ml, of an
emlsion was quickly transferred 4o a plate.

When the nlle Llue sulfate Ltechnique was employed with simple

triglyceride studies, it was applied as outlined under (b).

Inoculation of plates for determination of lipolysis

A loop of spores was transferred from an 8 day Penicillium
culture growilng on an agar slant to a screw cap botile containing 100 ml,.
of sterile water., After the bottle had bsen shaken vigorously, a loop of

the suspension of spores was used to inooulate the center of emch plate,

Incubation of plates for determination of llipolysis

The pletes wers usually incubated at 21° C. for periods
ranging from 6 to 13 days, although in certain instences higher or lower
temperatures were used, Ordinarily the plates were incubated in an un-
limited supply of alr, but in some trials a restricted air supply was

useds details of the method are given lator.

s»Those triglycerides which are solid at ordinary room temperature,
including tricaprin, trilaurin, trimyristin, tripalmitin and tristearin.
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Examduation of plates for detemination of lipolysis

a, Natural fat technique: BHydrolysis of butterfat or cotton-

seed oil was detected by the appearance of the dispersed fat; unhydrolyzed

globules were translucent and upon hydrolysis became opaquas

b. Hile blue sulfate techniquas Lipolysis of butterfat and

cottonseed oll was detected by the ocolor of the dispersed fat; the un-
hydrolyzed globules were pink and upon hydrolysis became blue.

¢s» Simple tripglyceride techniques Hydrolysis of triproe-

plonin, tributyrin end trivelerin was evidenced by the formation of a
c¢lear zone in the area immediately surrounding the colony, whereas with
tricaproin, triheptylin, tricaprylin, tricaprin and trileurin hydrolysis
was detected by the appearance of the dispersed fat; unhydrolyszed fat
was pink and.hydrolyzed globules blue,

d. Modified nile blus sulfate technigque: This method was

applied ounly to butterfat and cottonseed oil and lipolysis was observed
by the change of color of the dispersed fat; the unhydrolyzed fat was
pink and the hydrolyzed product was blue, .

A wide field binooular with 7, 20 and 40 magnifications was
used in the examinetion of the plates for 1ipolyéis. Usually & source of
substage light was employed in the examinetion of fat dispersed in the
medium undernseath the conidial growth. Occasionally e light source above
tho stage was used to advantage in the inspection of fat globules at the

surface of the medium. For detailed observation of individual globules

a mioroscope was helpful,
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Bvaluation of lipolytlc activitles of wvarious ponicillio

The lipolytic activity of a mold culture was evaluated by
measuring and recording the diameter (in centimeters) of the growth and
of the corresponding hydrolyzed area. Yhen most of the fat globules in
the measured area were hydrolyzed lipolysis was regarded as uniform,
when only a portion of the globules were hydrolyzed it was considered

nonuniform and when no lipolysis was noted it was considered negative,

Methods for Determination of Proteolytic Activities

of Penicillie

Modla for determination of proteolysis

The medium employed most commonly in studies on proteolysis
consisted of Czapek's solution ager conteining sterilized skim milk in
the proportlon of 1 part of milk to 10 parts of agar; 15 ml. of ths
mixture was used per plate,

In some of the triesls a modified milk sgar method, suggested
by Thom (71), wes used. The medium was prepared by mixing together hot
agar end hot acidified milk in equal portions; a flocculent precipitate

of curd formed ir the aegar,

Inooulation of plates for determination of proteolysis

The pletes were inoculated as described under the method for

inoculation of the plates for debermination of lipolysis.
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Incubation of plates for determination of proteolysis

The plates were usually incubated at 21° C. for periods
ranging from 6 to 1l days; however, variations in the time and tempera-
ture were used occcasionslly. The method most often used consisted of
holding the plates for li days in air and thereafter in an atmosphere of
carbon dioxide gas. The carbhon dioxide atmosphere was obtained by placing
the plates inslde of glass bell jars, properly sealed so as to prevent
the escape of gas. Carbon dioxide gas was introduced slowly into the
bottom of a jar, while alr was permitted to escape through a vent at the
tope After the alr had been replaced by carbon dioxide, the vent was
closed., No attempt was made to maintain the carbon dioxide at a constant
level, since ths only purpose in using the gas was to retard growth of

the colonies and permit diffusion of protease to bacome more conspicuouse

Examination of plates for determination of proteolysis

a, Acidified mllk agar technlque: Proteolysis was detected

by the appearance of a clear gzone underneath and in the area surrounding

the colony.

be Carbon dioxlde technique: Proteolysis was also deter-

mined by the appearance of a clear zone in the agar around the colony.

Evaluation of proteolytic activities of various peniecillia

The proteolytic aotivity of e mold culture was evaluated by

measuring and recording the diameter (in centimeters) of the growth
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end of the corresponding hydrolyzed ureas

Menufacture of Cheese

Milk used in meaking the cheese came {rom the reguler milk
supply of Iowa State College merket milk laboratory. The cheese wes made
according to the method suggested by Lane end Hommer (L47) which is as
followse.

Fresh, whole milk, testing 3.4 to 3.7 per cent butterfat, was
heated to 32.,2° 0, end homogenized at 2500 + 500 pounds pressure. After
the milk was cooled to 3147° Cs it was placed in a cheese vat, snd 2 per
cont of laotlc acid culture was added. When the acidity reached 0.19 to
0.20 per caont, calculated as lactic acid, the milk was set at 31.,1° C.
with commerclal remnet at the rate of 3 ounces per 1000 pounds of milk,
After a holding period of 60 to 80 minutes, the curd was cut with 0.5
inch curd knives. Immediately after cutting, the whey ecidity wes 0,13
to 0.14 per cent. The curd was stirred occasionally during the following
90 to 120 mimutes, or until the whey had attained an aclidity of 0,17 to
0.19 por cent.s AL the end of this period the curd was ordinarilf ready
for dippings in rare instances, when it was umuisually soft, a slight
toughening was produced by removal of a small portion of whey, heating it
with steam and then returning it to the cheess vets At no time was the
temperature of the curd permitted to exceed 33.3° C.

The curd was dlpped by first draining a portlon of the whey
from the vat and then tronsferring the curd with a scoop to an adjacent

draining vat covered with a large single layer of cloth of the type
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comnonly employed by swiss chosse manufectursrs. Drainage of the curd
was facilitated by raising and lowering the corners of the cloth at fre=
quent intervals, Sufficient curd wes dipped on the draining cloth each
time to make two cheese, One or 2 minutes after draining was begun, the
mold was mixed with the curd, and then after 2 or 3 minutes the ocurd was
quickly placed in the hoops.

When a draining cloth was used for more than one dipping, it
was thoroughly washed and scalded so as to prevent contamination of subsee
quent lots of curds In a number of trials an individual sterilized cloth
was used for each lot of curd dlpped.

Since the curd obtained from homogenized milk was comparative=
ly soft, the hoops were turned frequently after filling to prevent the
cheese from stioking to the hoops and to insure a closed surface.
Ordinarily the hoops were ‘turned every 15 minutes for the first 2 hours
and then each hour for 6 to 8 hours.

The dry salting method wae used exclusively with the cheesu.
Usually salt equal to 5.5 per cent of the total weight of the cheese was
incorporated into a lot of cheese during three suoccessive saltings over
an 8 to 10 day period.

After the salting was finished the chsese were rinsed and
skewored; ordinarily 50 holea were punched in each of the flat sides of a
cheeso with a needle about 0,12 inch in diameter., The cheese were placed
on edge on speclal racks in s curlng room in whioch a temperature of about
8e43° Co and a humidity of 90 per cent or eabove were mainteineds Two

times during the curling period the cheese were temporarily removed from
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the curing room, soanked in cold weter for several minutes end brushed
with a stiff bristled brush to remove surface slime. After about 3
months in the curing room tho cheosc were wrapped in tinfoil and placed

in a cold room having a temporature of 1.7° to L«&t° Cs

Preparation of Mold Powder

Mold powder was prepared according to the method suggested by
Hussong and Hummer (39). Whole wheat bread, cut into small oubos end
sterilized in a boﬁtle, was inoculated with a mold culture. After about
10 days incubation at 21.1° C., the épore covered broad was dried, pulvere

ized aund stored in sterile glass contalners.

Inoculation of Cuxrd

Thé curd usually was inoculated with mold by dusting about
2 gms of the propared powder on 10 pounds of curds this was enough curd
for 2 choese. ‘In somo of the early trials the curd was inoculated with
aqueous sporc suspensions obtainsd by flooding 10 to 12 day old Cuapek's
agar slopes of penlcillia with sterile water and soraping the spores
from the surface of the growth with an inooculating ncedle. In some of
the later trials a similar method of inoculation was employed with the
oxception that the cultures were grovwn on Czapek's agar plates. Both
methods were unsatisfactory because the numbsr of spores introduced into

the curd from a culture was usually insufficient to establish 1t in the

cheeses
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Examination and Scoring of Cheese

Each lot of cheese was examined twice for flavor and mold
growths In both examinations a small wedge shaped portion wes removed
from each cheese in order to compare the mold strains present with those
used in inoculating the ocurd. After the first examination the exposed
surface of the cheose wes sealed with pareffin and placed in the curing
room and ripening contimued. In the second examination each cheese was
cut into halves, so that the entire cross section of e cheese wag exe=
posed, Small portions of cheese wers removed from the surface of the
freshly cut area and scored for flavor, while mold development was obe

served by noting the charaocter apnd extent of growth in the exposed area.
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EXPERIMENTAL
Compariszon of Methods Employed in Determination of Lipolytic
and Proteolytic Activities of Various Penicilliae

In order to evaluate certain cultural methods for determin=-
ing the lipolytic and proteoclytic sctivities of various penicillia,

comparisons were mads of different procedures:

Review of literature

Sommaruge (66) studied the lipolytic activities of microorgan=
isme by growing them on solld media in which was dispersed 2.0 per cent
olive oil or other fate, Disappearance of fat globules from the zone sur~
rounding bacterial colonies wans ovidence of hydrolysis. F1ijlaman (20)
poured melted inoculated agar over a thin layer of fat in a petri dish,
and lipolysis was indicated by clear areas forming beneath the colonies
of bacteriea,

In e study of the action of nile blue szulfate as & fat stain,
Thorpe (77) reported that the dys is e sulfate of diethyleminophenonaphe
thoxazine, The red gtain, which is not present in the originel dys but is
formed in the aqueous solution, is the corresponding oxarone, The emount
of red stain could be increased by heating nile blue sulfate with dilute
sulfuric acid. Smith (65) showed that fat globules in tissues could be

stained by nile blue sulfate and that the dye colored olein and other



neutral fats red, whereas oleic acid was colored blue, this color ree
sulting from the formation of a blue soap between the oxazine base and
the fatty aclds, The ability of nile blue sulfate to color various trie
glycerides and fatty acids was investigated by Boeminghaus (6)s He con=
ocluded that the dye 1s a specific for olein and its fatty acid, since
these were colored much more intensely than were palmitin and stearin and
their corresponding aocids, Kaufinan end Lehman (L0) found that the une
saturated triglycerides arnd their fatty acids were well stained with nile
blue sulfete, However, certain other saturated compounds also absorbed
the stain. Results obtained by Rettie (62) supported the use of nile blue
sulfote as e fat stain. He showed that the oxazone of the dys is pink
and, since it is soluble in fat and fat solvents, 1t is rospohsible for
the color in the stained fat; this coneiituent Rettie called nile pink.
Turner (78) used nile blue sulfate in the detection of
lipolytic bacteria. The dye wms added to the inoculated medium, in which
was dispersed 10 per cent of a sterile fat emulsion, end a study wes made
of the changes ocourring in tho fat globules during hydrolysis by the
bacteria. He concluded that unsaturated fatty soids are deeply stained
with nile blue sulfate. Later, Turner (79) substantiated the use of nile
blue sulfate in deteoting baoterial lipolysiss However, the dye was in=
hibitory for some organisms. Hussong (38) modified Turnerts technique
in & study of bacterial rencidity in butter. Nile blue sulfete was used
in the proportion of 1:10,000 and fat in the ratio of 1:2000. The fat
was emulsified in 0.5 por cent agar, and the emulsion was sterilized and

then added to besf infusion agar at the time of pouring the plates.
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Streak cultures were made over the sgar surface; lipolysis wans indicated
by a change in the color of the dispersed fat and by deep blue areas
around the growth. Collins and Hammer (12) and Hammer end Collins (3L)
detormined lipolysis of simple triglycerides and naturel fats by a method
similar to that employed by Hussong. Those investigetors reported that
tributyrin, tricaproin, tricaprylin and triolein wers colored bright red
by the dyes tricaprin, trilsurin, trimyristin, tripalmitin snd tristearin
were colored red to e dogree which decreased rapidly with the increased
wmelting polnts of the triglyceridess The natural fats studlied also were
colored with diffeorent intensitles of red., Hydrolysis of triceproin and
tricaprylin was more easily ldentified by a disappesrance of the globules
then by color changes with nile Dlue sulfate; however, with tricaprin the
reverse was true, The mammer of dispersing fats and triglycerides seemed
to have no effect upon hydrolysis. These investigators also found a
variation in the colors of fatbty acids. Caproic, caprylic and oleic acids
were intensely blue; capric and lauric acids varied in their intensities
of blue, whereas only slight eamounts of the blue dye were absorbed by
myristic, palmitlc and stearlc acidss In a study of wvarious methods of
detecting lipolysis Ly microorganisms, Long and Hammer (50) concluded that
the nile blue sulfate technique gave clear cut results but, because of
the ‘toxloity of the dye, was limited in its usefulness. ‘The natural fat
technique, in which no dye wms used, gave good results, but it was diffie
cult to detect weakly lipolytic organisms by this method. In a recent
investigatiorn of the action of miercorganisms on fats, Castell and

Bryant (10) pointed out certain errors in previous interpretations of
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color changes ocourring in fat globules stained with nile blue sulfata,
They concluded that the change in color could not be used as a spesific
indieation of hydrolysis of fat, since besldos extraction of the blue
oxazine form of the dye from the aqueous solutlon by fatty acids or other
subgtences within the globules, similar color chengoes resulted by the
reduction of oxazone (from pink to blue).

Ayres (3) employed casein ager for identification of proteo=
lytic bacteria by noting the clear areas formed around the colonies.
Later, Ayres and Mudge (L) suppested the use of various dﬁ milk agar
media for detectlon of ncid forming and proteolyzing dbacterin by observe

ing the precipitation and digestion of casein in areas surrounding the

colonies.

Comparison of methods for determining lipolysis

Comparison of natural fat technique with nile blue sulfate

tochnique. Comparison of the notural fat technique with the nile blue
sulfate technique for determination of the lipolytic activities of cer=
tain peniclllia was made with six mold strains on butterfat and on
cottonseed oil; the cultures were inenbated 8 days at 21° ¢, The nile
blue sulfate medium contained 1 part of 'Ehe dyo in 15,000 parts of agar,

The results are presented in table I,

a. Results with butterfet: The nntural fat technique

resulted in greater growth of the colonies, when compared with the nile
blue sulfate method, in all six comparisons., The maximum diameter of

the colonies with the naturel fat technique was 9.0 cm., the minimum was



TABLE I
COMPARISON OF NATURAL FAT TECHNIQUE WITH NILE BLUE SULFATE TECHNIQUE
FOR DETERMINATION OF LIPOLYTIC ACTIVITIES
OF CERTAIN PENICILLIA

Incubation 8 dayes at 21° Ce

ae« Lipolysis of butterfat

i1
il

Dianeter of

Culture colony lipolyseis
N0e Techniquoe Clle CMe Lipolysisg*
5 Fatoral fat 75 Tol Slight
Nile blue sulfate L2 S5e2 Good
Natural fat 63 0.0 Imperceptible
1 Nile blue sulfate 6.0 5.6 Slight
8 Natural fat 845 0.0 Imperceptible
Nile blue sulfate 546 5e5 Moderate
Natural fot 9.0 9.0 Good
? Nile blue sulfate 59 549 Very good
15 Natural fat 6.8 6.7 Good
Nile blue sulfate L0 345 Good
25 Natural fat TeT 745 Good
Nile blue sulfate 140 3¢5 Good
be Lipolysis of cottonseed oil
Tatural fat 8.9 8¢9 Siight
> Nile blue sulfate 1.0 3,8 Good
Natural fat 840 0,0 Imperceptible
U Nile blue sulfate L3 L3 Moderate
8 Fetural fat 8.l 0.0 Imperceptible
Nile blue sulfate L3 Le3 Moderate
Natural fat 9.0 9.0 Good
2 Nile bdlue sulfate L.0 La0 Very good
1 Natural fat Te3 75 Slight
2 Nile blue sulfate 503 5e3 Good
5 Natural fat 840 6.7 Slight
2 Nile blue sulfate 11,0 1140 Good

*Lipolysis rofers to the perceptibility of fat hydrolysils.
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6.3 cme and the average was 7.6 cmes corresponding diameters with the
nile blue sulfate method were 6.0, L0 end 5.0 om,

In the six comparisons the natural fat technique showed the
more extensive lipolysis in four lnstances, while the nile blue sulfate
exhibited the more in two comparisons. The maximum, minimum and average
diameters of lipolyeis with the natural fat technique were 9.0, 0.0 and
5.2 cms, respectively, ss compared with corresponding values of 5¢9, 3..8
and 4.3 ome with nile blue sulfate.

Lipolysis was more readily detected with the nile blue sulfate
technique than with the natural fat techmique. With the natural fat
technique lipolysis was good in three comparisons, slight in one and ime
perceptible in two; with the nile blue sulfate method it was very good in
one, good in three, moderate in one and slight in one.

bs Results with cottonseed oll: In general, the results

with cottonsesd 01l were practically the same as those with butterfat.
Greater mold development occurred on the natural fat medium than on nile
blue sulfate agar., The maximum diameter of the colonies on the natural
fat medium was 9,0 cm., the minimum was 7.3 cme end the average vms 8.3
cms, 88 compared with corresponding diameters on the nile blue sulfate
medium of 543, Le0O and N3 cme

In six comparisons the natural fat technique showed the more
extensive lipolysis in four instances, while nils blue sulfate exhibited
the more in two comparisons. The maximum, minimum and average diameters
of lipolysis with the natural fat technique were 9,0, 0,0 and 5.3 om.,

respectively, as compared with corr;eaponding values of 5,3, 3.8 and
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Jie3 om. with nile Llue sulfate..

Lipolysis was more readlly detested with the nlle blue sulfate
then with the natural fat technique. Lipolysis with the natursl fat
technique was good in one instanca, slight in three and imperceptible in
‘two, whereas with the nile blue sulfate techunique it vms very good in
one, good in thres and moderate in two.

Eight additional trials were made with butterfat; the
cultures were incubated 8 days at 21° C, The nile blue sulfate medium
contained 1 part of the dys to 10,000 parts of egars. The growth and
lipolysis curves of the cultures were plotted from values obtained by
caloulating the square of the radius of each colony and of the hydrolyzed
area; the radius squared (ra) was regarded as a function of the area.

The results are given in figure 1.

In all cases ‘the inhibitive action of nile blue suliate with
respect to mold growth and lipase development was evident from the relaw
tive slopes of the growth and lipolysls curves with the natural fat, as
compared with the nile blue sulfate technique. While colony growth
progressed more rapidly with the natural fat technique, lipolysis was
generally more perceptible with the nlle bluo sulfate techmigue, Cultures
1l and 7 showed relatively rapid rates of growth on the natural fat medium
when compared with the nlle blue sulfate mediwms however, no lipolysis
was evident with the natural fat technique while it wes noticeable with
the nile blue sulfate technique. Culture 1l showed relatively slow grovwth

and no evident lipolysis with either technique, budt colony growth PYTO=
cesded at a greater rate with the netural fat technique than with the nile
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blue sulfate technique. With ocultures 6, 8, 9, 15 and 18 growth and
lipolysis progressed more rapidly with the natural fat than with the nile
blue sulfate technique. However, llpolysis was in all cases more evident
with the nile blue sulfate technique.

Some of the culbtures (7, 8, 9 and 15) included in figure 1
wore also considered in table I. With a few exceptions there wes a
general agreement in tho results obtained by any one of the cultures.

Eight additional trisls were made with cottonseed oilj the
cultures were incubated 8 days at 21° ¢. The nile blue sulfate medium
contained 1 part of the dye to 10,000 parts of agar. Figurs 2 presents
the results.

The results were generally similar to those obtained with
butterfat (figure 1). Cultures 1, 6, 7, 8, 10 and 15 showed more growth
and lipolysis with the natural fat then with the nile blue sulfate
technique; however, lipolysis was more evident with the nile blue sulfate
technique. An exception was noted with culburs 13; it showed fairly
rapid growth and lipolysis with the natural fat technique, while growth
was somewhat retarded and no lipolysis was noted with the nile blue sule
fate technique, Culture lli showed slow growth and no evidenmce of
lipolysig with both techniques, although the growth was somewhat more
rapid on the natural fat than on the nile blue sulfate medium,

A number of the cultures (7, 8 and 15) included in figure 2
were also considered in table I, With a few exceptions the results
obtained with any one of the cultures were in gensral agreement,

From the data presented in table I and figures L and 2, it is
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evident thet when the natural fat teshnique and the nile blue sulfate
toechnique were compared for the determlnation of lipolytic aotivities of
certain peniocillia on butterfot end cottonseod oil, the greatest growth
ocourred with the natural fat technique. However, lipolysis of the fats
vas more readily debected with the nile blue sulfate then with the
natural fat teohnique, as evidenced by the perceptibility of lipolysis,.
In most instences the nile blue sulfate technique gave the more distinet
differentintion between the unhydrolyzed end the hydrolyszed fat.

Comparison of natural ['st technique with modifled nile blue

sulfate technique. In order Lo compure the naturel fat with the modified

nile blue sulfate technique for determining the lipolytic activities of
cortein penicillia on butberfat und cottonseed oil, the natural fait
pletes referred to in table 1 were flooded after incubation with a solu=
tion of nile blue sulfnte comsigting of 1 part of the dye to 1000 parts
ol 50 per cent aleohols Afber the plates had been exposed to the nile
blﬁe sulfate about 10 minutes, they were rinsed free of the dye with
veter. The alooholic solution caused a collapse of the oconidial growth
so that 1t flatbened egainst the surface of the ager exposing underlying
dispersed fat globules for examination. The results with six cultures
are presentod in table II,

e Rosults with butterfet: The modified nile blue sulfate

tochnique gave a mach more clear cut differentiation of the penioillias
cultures than the naturnl fat procedure; it wms especially useful in
distingulshing differences hetween slightly lipolytic cultures. The

maxinum, mininwm and average dismeters of lipolysis with the natural
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TABLE I1IX
COMPARISON OF NATURAL FAT TECHNIQUE WITH MODIFIED NILE BIUE SULFATE
TECHNIQUE FOR DETERMINATION OF LIPOLYTIC ACTIVITIES
OF CERTAIN PENICILLIA

Inoubation 8 days at 21° C.

a. Lipolysis of butterfat

ot ————

D-ia.metor of

Culture colony lipolysis
no, Technique oM, cie Lipolysis
Netural 1at V2Yi 51light
5 Modified n. be Be* Te5 T7 Very good
7 Natural fat 643 0,0 Imperceptible
Modified n. be 8. * ok Good
8 Natural fat 3 0,0 Imperseptible
Modlified n. b. Se .5 6.)4 Good
Fatural fat 9+0 Good
2 Modlfied n. be 8. 3.0 9.0 Very good
15 Natural fat 6.8 6e7 Good
Modified n. bs 8. * 6.7 Good
25 Netural fat 77 Te5 Good
Modified n, b. s ' * 75 Good
be Lipolysis of cottonseed oil
T T T ———
- Natural fat 8 9.0 Slight
2 Modified n. be 8e «J 940 Very good
Natural fat 040 Imperceptible
7 Modified ne be 8e 8.0 840 Gaod
8 Naturel fat 8ls Te3 Slight
Modified n. be 8. ¢ 8ul4 Very good
Natural fat 90 Good
2 Modified n. be se 9.0 9.0 Very good
15 Natural fat 743 75 Slight
Hodified ne be se * 7.5 Good
25 Naturel fat 8.0 6e7 Slight
Modifled n. b. 84 ° 840 Good

*ne be Se rofers to nile blue sulfate.

sxAlthough the fat globules had not become definitely blue most of
them were colored pesach red and each was surrounded by a tenecious
pellicle, on puncturing an oily fluid escaped.
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Lot technique were 3.0, 0.0 and 5.3 cm., rospectively, as comparsd with
corresponding values of 9.0, #*% and 6.2 cms with the modified procedure.

Lipolysis was much more readily dotected with the modified
nile blue sulfate toclmique thad with the natural fat procedures With
the netbural fat technique lipolysie was good inm thiwe compnrisons, alight
in one and imperceplilble in twoj with the modified nilo blue sulfate
procedure it was very good in two and good in four,

An additional adventage of the modified nile blue sulfate
procedure, as compared with the natural fat tochnique, was its adaptaw~
bility to tho mioroscopic examlnatlon of fal globules within the heavy
sporulating areas of the cultures. The disadventags with the modified
tochmique lay in the lmpossibility of studylng the rates of growth end of
lipolysis, sinoce the flooding procedure prevented obtaining more than one
reading from a set of plates,

s  Results with cottonssed oil: Tho results with cottonssed

oil were simlilar to those obtalned vith butterfat. The maximum, minimum
and averape dlameters of lipolysis wlth the natural fat tochnigue were
740, 0.0 and 646 cm., respactively, as comparod with corresponding values
of 940, 75 and 8¢5 cme with the modified procedure.

Lipolysis vme much more readily deteoted with tho modified

nile blue sulfate teclmique than with the natural fat procodure. With
the latter technique lipolysis wan good in one comparison, slight in four

*#Although the fat globules had not become definitely blue most of
them were colored peach red and each was surroundsd by a tenacious
pellicle, on puncturing an olly fluld escaped.
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and imperceptible in one, whereas with the former procedure it was very
good in three and good in three.

The data presented in table II show that for the determing-
tion of the lipolytic activities of certain penicillia on butterfat and
cottonseed olil the modified nile bilue sulfate technique regularly gave
better results than the natural fat technique. The superiority of the
modified technique was most noticeable in the perceptibility of fat
hydrolysis, the lipolysis rating from good to very good in all instences,
whereas 1t rated from imperceptible to good with the natural fat

‘technique,

Effect of ocertain factors on deteotion of lipolysis

Concentration of fat in medium. The effect of the concentra=

tion of fat in the medium on the detection of lipolysis, as debermined by
nile blue sulfate, was studied with two penicillia cultures on butterrfat
and on cotbonseed oil, The fat emulsions consisted of 97 ml. of 0.5 per
cent agar solution plus 3 ml, melted butteriat or cottonseed oil. The
cultures were incubated 6 days at 21° C. end the results are presented in

table 1II,

e« Results with butterfat: The concentration of bubtterfat

emlaion in the mediwnm had no appreciable effect on mold growth or on
lipolysis, but with inocreased concentrations of fat therse were more
globules within a given arem and lipolysis seemed more noticeable than
with lower concentretions., This advantage was offset by nonuniform

lipolysis when le5 ml. of bulterfst emulsion was employed.
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TABLE III

EFFECT OF CONCENTRATION OF FAT IN MEDIUM ON
DETECTION OF LIPOLYSIS

(Nile blus sulfate technique)
Incubation 6 days at 21° C,

8s Lipolysis of butterfat

e e taa
.

Diemeter of )

Culture Hedium colony lipolysis Lipolysis
noe OIle e
15 ml, Czepekt®a
agar + butterfat
emulsion:
5 05 ml, L7 3.8 Good#
1,0 ml. L.8 3e7 Good#
1’5 mle 5.0 5.9 Goodsxk
0«5 ml, L8 L6 Goodx
9 1,0 ml, h-s )406 Very good*
1,5 ml, 1.8 L.6 Vory zoods
be Lipolysis of cottonseed oil
15 ml, Czapek's
egar-+ cobtonseed
oil emulsions
5 045 ml, 5.1 5.0 Good#
1,0 ml, h.B Ll..6 Goods
145 ml, L.8 L6 Very goods*
0«5 ml, }-h9 hl9 Good»
S 1.0 mi, 5.0 5.0 Very goods
1.5 mle 50 50 Vory goods#

sUnlform lipolysis
**Nonuniform 1lipolysis
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be Results with cottonseed oil: The data agree with the

results on butterfat. The concentration of cottonseed oil in the medium
hed no material effect on the growth of the molds or om lipolysisf Inw
creased fat concentration in the medium mede lipolysls seem more noticee
able than with lower concentrations but this advantage vas offset by non=
uniform lipolysis when 1.5 ml, of cottonseed oil emulsion was employed.

i From the data presented in table III it is evident that the
concentration of butterfat or cottonseed oil in the medium had no apprecie
able affect on the detoction of lipolysis when the amount of fat emulsion
varied from 0,5 ml, to 1,0 ml. por plate (15 ml, agar), However, when
1,5 ml. fat emulsion was added, the uwaiformity of lipolysis vms apprecie

ably affected; lipolysis appeared to be more noticeable, but it was nonw

uni form,

Concentration of.nile blue sulfate in mediume In sbtudying

the effoct of the concentration of nile blue sulfate in the medivm on the
detection of lipolysis of butterfat, two strains of penicillia were usedj

they were selcotoed because of thelr lmown behavior toward the concentrae

+. blons off dye ordinarily employed. Culture 7 represented about tho average

of the strains of penlclllic with respect to its reaction toward nile blue
sulfate, whereas culture 9 was rcgularly inhibited by the dyes The
results are presented in table IV,

One part of nile blue sulfate to 10,000 parts of agar showed
the most pronounced inhibitive action toward the mold growth, After 12
days the colonies formed under~developed, irreguler growths, lndicating

marked inhibition., The intemse pink color of the fat globules made the
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TABLE IV

EFFECT OF CONCENTRATION OF NILE BLUE SULFATE IN MEDIUM
ON DETECTION OF LIPOLYSIS OF BUTITERFAT

Incubation 12 days at 21° C.

Dlameter
Culture Concentration of nile blue of
nog sulfate in medium colony Lipolysis
L uly
1 part of nils blue
sulfate ins
10,000 parts of agar L6 Moderate
T 15,000 parts of agar 64T Moderate
20,000 parts of agar 647 Moderate
304,000 parts of agar 745 Slightx
10,000 parts of agar 649 Good
9 15,600 parts of agar 846 Good
20,000 parts of agar 848 Good
30,000 parts of agar 84,9 Slight*

*Fat globules pale in color



change from red to blue upon hydrolysis of the fat readily noticeable.

The 1 to 30,000 dye~agar ratio showed the least toxioclty of the concentrae-
tions studied; however, the fat globules were pale in color, due to the
low concentration of nlle blue sulfate, and as = consequence gave poor
differentiation between the ﬁeutml and the hydrolyzed fat globules.

When the medium contained 1 part of nile blue sulfate to 15,000 or 20,000
parts of agar, the most satisfactory results were obtained, since the
colony growth appeared quite normal and the fat was colored sufficiently
to give clear differentistion between the unhydrolyzed and the hydrolyzed
globules,

The date presented in table IV show that with the nile blue
sulfate technique for determining the lipolytic activities of certein
penicillia on butterfat, the best results were obtained when the medium
contained 1 part of the dye to 15,000 and 20,000 parts of agar. The fat
was colored sufficiently to give a clear differentiation between the une
hydrolyzed and hydrolysed fat smd the colony growth was normal. With
higher concentrations of nile blue sulfate in the medium, mold growth
was considerably inhibited, whereas, with lower concentrations, the fat

was inadequately colored to give olear cut results.

Effect of certaln factors on detection of proteolysis

In the preliminary triels dealing with the proteolytic astion
of various penicillia on Czapek's solution skim mllk agar, inconsistent
results were obtained, At times certaln moldes produced conspiocuous

proteolysis, whereas in other trials the proteolytic action of the
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cultures was not evident. This suggested the existencs in the technique
of significant factors which hitherto had been considered unimportant and,
accordingly, various fectors affecting detsction of proteolysis by

various peniecillia were investigated.

Temperature of incubation. The effect of temperature of ine

cubation on the detection of proteolysis was studied with six strains of
penicillia on Czapek's solution skim milk agar. Thres gebs of plates
were inoculated; one was incubated at 12° C., one at 20° C, and one at
28° C. The results after 9 days incubation are presented in ‘table V,

The penicillia grew more repidly at 20° C. than at 28° or
12° Ce, as indicated by the sizes of the colonies. The maximum, minimum
end averapge diemeters of the ocultures incubated at 12° C. wore 5.0, 3.6
and 4¢3 cm., respectively, as compared with corresponding values at
20° C. of 8Be¢li, 5.9 and 7,1 cm, and with similar values at 28° C. of 5.1,
3.1 and L.l om,

Proteolysis was more readlly detected with the cultures ine
cubated at 28° C, than with those incubated st 20° or 12° C, With the
oxcepbion of oculture 18 proteolysis with the cultures incubated at 20° or
12° ¢¢ was imperceptible in all instances, wheroas at 28° C, it was very
good in three comparisons, good in one and imperceptible in two.

From the data gliven in table V it is apparent that proteolysis
by certain penicillia on Czapek!s solution skim milk agar was more readily
detected when the cultures were incubated at 28° C, than at 20° or 12° C.
When the cultures were incubated at 12° or 20° C., proteolysis was per-

ceptible in one instance, while at 28° C., 1t was perceptible in four out



TABLE V

EFFECT OF TEMPERATURE OF IRCUBATION O¥ DETECTION OF PROTEOLYSIS

Proteolysis after § days on Czapek's solution skim milk ager st

12° ¢c. 200 C. 28° c.
Cul- Diameter cf Diameter of Diameter of
ture ‘colomy proteolysis Prote- coleny proteolysis Prote- colony proteolysis Prote=
nos Clie Clte olysis Clile Ca olysis Clte cm. olysis
U 36 0.0 Imper- 5.9 0.0 Imper- 3l 0.0 Imper-
ceptible ceptible ceptible
15 L6 0.0 Imper- 8.3 0.0 Imper= L1e3 i1e@ Very good
ceptible ceptible
16 L7 0.0 Impere 6.1 0.0 Imper= Lo L9 Good
ceptible ceptible
18 L7 Le7 Good 7.6 746 Good L5 L8 Yery good
20 5.0 0.0 Imper- 8y 0.0 Inper= 5el 0.0 Imper-
ceptible ceptible ceptitble
25 lie0 0.0 Imper= be3 0.0 Imper- L 5.2 Vory good
ceptible ceptible
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of 8ix cases,

Carbon dioxidee The affect of carbon dioxide on the dotec=

tion of proteolysis was studied with three cultures of penieillia on
Czapek's solution skim mllk agar and on bsef infusion skim milk agar,
Three sets of conditions were compared; (e) incubetion of the cultures 8
days in the air, (b) incubation of tho culturss 3 days in the air followed
by 5 days in an atmosphere where most of the air had been replaced by
carbon dioxide and (o) inoubation of the cultures im an atmosphere where
‘the alr had been largely replaced by carbon dloxide. No attempt was made
to control the exaoct amount of carbon dloxide, since its only purpose was
to retard mold growlh. The ocultures wore all incubated at 21° C. The
plates were examined for evidence of proteolysis after L, 6 and 8 days.
Table VI glves the resulte.

ae Results with Ceapek's solution skim milk agars Proteo=

lysis was less consplouous when the cultures were incubated in air than
in an atmosphere composed mainly of carbon dioxide. Protoélysis vo.s
most conspicuous when the cultures wers lnocubated in air 3 days followed
by 5 days in carbon dioxide, whereas it was practically impercsptible
with cultures incubated in the air,

The inhibitive effact of carbon dloxide on the growth of the
peniolllia was apparent from the comparative silzes of the colonies in-
cubeted under the different conditioms, The cultures grown in air de-
veloped normally, those Incubated 3 days in alr followed by 5 days in
carbon dioxide were definitely retarded in growth, whils those incubated

8 days in carbon dioxide showed only a small amount of development,
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TABLE VI
EFFECT OF CARBON DIOXIDE ON DETECTION OF PROTEOLYSIS

Incubation at 21° C.

Proteolysis on Czapek's aolution skim milk agar

In air 3 followed by In oarbon dioxide

In alr 8 deys 5 days in carbon dioxide 8 days
Cul~- Age Diemeter of
ture in colony proteolysia colony proteolysis colony proteolysls
no., days cm, Ole cm, CiMe Clle em,
L Lohy 0.0 249 0.0 1.6 1.1
9 6 s OO 5.0 Sel 3ok Sely
8 8e7 040 6y €45 53 Sely
L 34b 0.0 Ly 0.0 2.9 2.4
25 6 6.0 Q40 TeT 648 53 5.2
8 800 0.0 8.6 8.5 708 7.14-
L Lis5 0.0 hed 0.0 3.1 1.7
ln 6 Tols 040 Te3 640 5e7 5e2
8 8.6 ) 0e0 8.5 803 801 8‘7
Proteolys:.a on 'beef ini‘uaion slkdm milk agar
.8 0.0 2.9 0.0 263 0.0
9 6 L0 0.0 5.1 040 Selt 380
8 ho? 0,0 6.2 Se2%x% 7.‘4 0.0
L 2.0 0.0 2.2 0.0 2.6 Q0.0
25 6 240 040 L2 0.0 L9 358
8 3.8 0.0 57 Lo6en 0.0 0.0
L 243 0.0 2.8 0.0 3.0 0.0
la 6 342 040 5e2 0.0 Laly 0.0
8 347 0,0 645 0,0 63 0.0

»Suggestion of proteolysls, not positive
=Faintly proteolytio
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be. Results with beef infusion skim milk agar: Froteclysis

wag not evident when the ocultures were grown in air on beef infusion milk
agare Slight proteolysis was noted with culbtures 9 and 25 after % days
in sir oné 5 days in carbon dioxide, while culturs L1 showed no evidensce
of proteolysis, After 6 deys in carbon dioxide, proteolysis was slight
with cultures 9 and 25, while it was esbsont with culture Ll. After 8
deys proteolysis vas absont with all of the cultures incubated under
carbon diloxide.

From the data presented in table VI it is evidenf that pro=~
teolysls was less consplouous when the oultures wers incubated in air
than when they were incubated in an atmosphers composed meinly of carbon
dioxide, The data also show that beef infusion sldm milk agar was une
satisfactory for the detection of proteolysis by the penicillia, whether
the oultures were incubated in air or in(au atmosphere composed meinly of

carbon dioxide,

Comparison of acidified milk agar aund carbon dioxlide technigues for

determination of proteolytic aotivities of certein penicillie

The acldified nilk apgar technique, suggested by Thom (71),
consisted of growing the penicillia on a medium prepared by pouring toe
gether hot agar and hot ncldified skim milk in equal proportions. The
milk was acidified by the addition of 2,0 nl. of & 5 per cent acetic acld
solution to 98 ml. skim milk, A flocculent precipitate of curd formed
in the ager. The plates were incubated in eir at 21° C. and examined

after lj, 6 and 10 days; proteolysis was evidenced by the formation of &
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clear zono in the medium under and around the colonmys With ths carbon
dioxide techniquae the culturses wers grown on Czapek's solution wilk ngar
in the alr lj days and +thon in an aimosphere in which the air had been
almost entlrely replaced by carbon dioxide. Tho temperaturo of incubaw
tion vas 21° 0, and the plates wore oxamined after L, and 10 days. The
rasults of nine comparisons of tho acidified skim milk agar technique
with tho carbon dloxids techniquo for debermining the proteolytic activie
tles of cortain penicillia are presented in table ViI,.

The data show that more olear cut results viere obtained with
tho carbon dloxide bechnique than with the acidified milk agar technique.
Tho diametors of the proteolyzed aress viere somewhat smaller with the
poidified milk egar technique, the meximum diameter being 7.5 cm., the
minimum 3,9 om, and the average 5.1 om., as compared with maximun, mini-
mum end average diameters with the carbon dloxide ‘btechnique of 8.3, 3¢5
and 5. cm., respectively. |

The two methods compared favorably with respect to prote=
olysiss however, with the acidified milk agar technique the lines of
demarcetion between the unhydrolyzed and hydrolyzed areas were not as
sharply defined as with the oarbon dioxide technique. Proteolysis vith
the eeidlflied milk agar technique was very good in two comparisons, good
in two, moderate in four and slight 1in one, compared with four very good,
one good, three moderats and one slight with the carbon dioxide proe=
cadure.

Figure 5‘ prosents the results of four comparisons of the

carbon dioxide and acidified milk ager techniques for the detection of



TABLE VII

COMPARISON OF ACIDIFIED MILK AGAR TECHNIQUE *ITE CARBON
DICXIDE TECENIQUE FOR DETERMIKATION OF PROTEQLYTIC
ACTIVITIES OF CERTAIN PEINICILLIA

Results
Carvon dioxide tecnnique
Acidified nilk agar technique (Incuvated in air I days + 6 days
(Incubated in air at 21° ¢.) in carbon dioxide at 210 C.)
Age Diameter of Dismeter of
Culture in colony proteolysis colony proteolysis
NOe days Cle Clts Proteolysis Clie e Proteolysis
6 i 1.4 1. Slight 345 0.0 Imperceptible
10 i 6.9 H¥oderate 5.2 Sely Yoderate
L 1.1 0.6 Slight 2.7 0.0 Inperceptible i
7 10 347 3.9 Slight L6 1.8 Yoderate =
8 i 1.1 1.0 Good 2.5 2.5 Hoderate
10 L5 4.0 Good Selp 55 Very good
L 1.2 1.2 Good L6 0.0 Imperceptible
9 10 642 5.7 Good 842 8.3 Veory good
U, L 2.0 2.0 Slight 3.3 0.0 Inperceptible
10 T2 Te5 Moderate 5el 345 Slight
15 L 1.6 1.0 Good 3.1 0.0 Imperceptible
10 545 L5 Very good 5e2 55 Very good
o5 L 1.5 1.2 Hoderste 342 0.0 Inperceptible
10 L2 L2 Very good 5e3 5.7 Very good
L 2.0 1.L Slight 3.8 0.0 Imperceptible
21 10 5.7 5.8 Hoderate 5.3 5.7 toderate
1 L 1.0 0.0 Inperceptible 2.6 0.0 Imperceptible
10 118 Ly Yoderate 5.1 L.7 Good
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CULTURE 15 CULTURE 9

CULTURE L2 CULTURE 26

ACIDIFIED MILK AGAR TECHNIQUE CARBON DIOXIDE TECHNIQUE

FIGURE 3. COMPARISON OF ACIDIFIED MILK AGAR TECHNIQUE WITH CARBON DIOXIDE
TECHNIQUE FOR DETECTION OF PROTEOLYTIC ACTIVITIES OF CERTAIN
PENICILLIA
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proteolysis by varlous ponicillia. Although proteolysis was rosdily
dotected with hoth teohniquas. the results obtained with the cerbmm
dioxide tochmiquo wore more avident and the voundaries of the yroten-
lyzed aroas were mors clearly dofined than with the acidified rilk agor
techniquo.

From the data presented in tablo VII and figure 3, it is
epparent that somewhat more clear cut results were usually obtained with
the carhon dloxide technique in the detection of proteolysis by certain
penicillie as compared vith the scidified milk sgar Sechuique, when the
cultures were incubated at 21° €, Although the two methods compared
favoradly with respect to peorceoptibility of proteolysis, the lines of
denarcation betweon the unhydrolyzed and hydrolyzed arens were not as
sharply defined with the scidified milk agar as with the earbon dioxidse

technlque.

Lipolytic and Proteolytic Activities of

Various Penicilllie

Various oultures of penicillia employed in the ripening of
blue veined cheeses differ in their morphologic end physiologic charace
teristies. It is, therefore, to be expected that variations in results
will ooour in cheese ripening. Lipolysis and proteolysis are believed to
be the principal functions of the peniecillie in chesese ripening, Accorde
ingly, the lipolytic and proteolytic activities of the penicillia

associated with the ripening of biue veined cheeses were investipgated.
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Review of literature

The ebility of molds employed in the ripening of blue veined
cheeses to elaborate enzymes capable of bringing about decomposition of
fats and proteins has been reported by various investigators.

The production of lipase by Peniocillium glaucum was observed

by Camus (9), who found that & variation in the rate of inoculation into
o solution of monobutyrin caused a wveriation in the production of lipase.

In e study of the lipsse production of Penicillium glaucum and other

microorganisms, Laxa (L9) noted two types of hydrolysis. Some bacteria
and molds were capable of decomposing all of the triglycerides in a fat,
whereas others could hydrolyze only those of lower molecular welghts.

The two strains of Penicillium glaucum studied by Laxa were capable of

hydrolyzing fat, The lipolytic properties of Penicillium glaucum were

also observed by Orla=~Jensen (56) and by Rahn (61), who noted that the
mold has powerful fat hydrolyszing properties. From an extensive study
of the fat hydrolysis ocourring during the ripening 91’ roquefort cheese,
Currie (15) concluded that the decomposition is due to a water soluble

lipase produced by Penicillium roqueforti and results in an acoumulation

of free and combined forms of fatty aclids and their hydrolyszable salts.

Thig investigator grew Peniocillium roqueforti on Cgapek's solution in

which cane sugar had been replaced by pure butterfat, tributyrin, ethyl
butyrate, glycerol, butyric aclid or ammonium butyrate. The mold was
capable not only of growing these subetances but alaso of hydrolyzing them
and utilizing their constituents as a source of carbon. Currie also

noted lipolysis of ethyl acetate, ethyl butyrate, triacetin and
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tributyrin with a material prepared by triturating air dried mold
mycelium with powdered glass,

That proteolysis occcurs during the ripening of blue cheese
vms pointed out by Currie (15), who cited some unpublished data from Dox
showing the percentage distribution of nitrogen iix a prime, well ripened
cheese to be as follows: caseosos 10,7, peptones 846, amino acids 29,1,
ammonia 6,1 and insoluble nitrogen L5.5 per cent; small amounts of
tyrosin were also noteds According to Collins (11) and to Naylor, Smith
and Collins (55), the esterase and protesse activities of Penicillium
rogqueforti are proportional to the mold growth. Golding (26) concluded
that low concentrations of acetio amcid in milk reduced digestion of

casein by Penlicillium roqueforti, whereas the addition of citric acid

resulted in inoreased digestion.

Lipolytic activities of various penicillia

The lipolytlic activities of various penicillia on butterfat
and on cottonseed oll were studied both with the natural fat and the nile
blue sulfate techniques, while their actions on different triglycerides
were investigated only with the nile blue sulfate procedure. Since none
of the penicillia studied were capable of hydrolyzing trimyristin,
tripalmitin or tristearin, the data obtained with these triglycerides
ware omitted.

The lipolytic activities of the cultures were rated by
determining the ratio of colony growth to the extent of lipolysis, as

L
expressed by “T 3 L represented the diemeter in am. of the hydrolyzed
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area and C the diemoter of the colony, Whan tho ~g- value was 1,00 the
diameters of the colony and the hydrolyzed area were the same, and when
it was less than 1,00 the area lipolyzed was smaller then that of the
colony.

Lipolytic activities of certain penicillia on butterfat.

Table VIII gives the results obtained with 19 cultures in determining
the lipolytic activities on bubtterfat, after an inoubation of 8 days at
21° C,

a. Results with natural fat technique: The data show wide

differences between the llpolytic amctivities of the cultures, as
indicated by the compareative % valuos and the uniformity and intensity
of lipolysis. The pronounced lipolytic cultures showed a maximum -—é‘-
value of 1,00, a minimum of Q.75 and an average of 0,91, while one
moderately lipolytic oulture exhibited a value of 0.65 and the slightly
lipolytic ocultures showed meximum, minimum and average values of O.lis,
0.18 and 0.3k, respectively. Cultures with -%- values of 0,00 were cone
sidered nonlipolytic on butterfat, according to the natural fat tech-
nique. With respect to uniformity and intenslity of lipolysis, cultures
9 and 21 wore uniform and very pronounced; cultures 5, 6, 15 and 25 were
uniform and pronounced; ocultures 8, 18 and 20 were nonuniform and proe=
nounced; oulture 10 wes uniform and moderate; cultures 23, 2l and 26 were
nonuniform and slight; and oultures 1, 7, 13, l, 16 and 22 were none
lipolytic.

be Results with nile blue sulfate technique: With o few

exceptions the results were in goneral sgreemeont with those obtained by
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TABLE VIIX

LIPOLYTIC ACTIVITIES OF CERTAIN PENICILLIA
ON BUTTERFAT

Incubation 8 days at 21* C.

as Results with natural fat technique

Diameter I Uniformity
Culture  of colony < of Lipolysis
no, om, value 1ipolysis
1 9.0 0,00
5 84 0495 Uniform Pronounoed
6 6.9 0.75 Uniform Pronounced
7 846 0,00
8 9.0 0.86 Nonuniform Pronounced
9 9.0 1,00 Uniform Very pronounced
10 840 0.65 Uniform Moderate
13 9.0 0,00
i 6.8 0400
15 845 0,80 Uniform Pronounced
16 S5al 0,00
18 8.0 0.87 Nonuniform Pronounced
20 9.0 1.00 Nonund form Pronounced
21 9.0 1,00 Uniform Very pronounced
22 9.0 0.00
gﬁ 940 Oulily Nonuni form Slight
9.0 0418 Nonuni form Slight
25 Te7 0,97 Uniform Pronounced
26 9.0 0439 Noxuni form Slight

Table continued on page 65,



Table VIII continued.

Be Results with nile blue sulfate technique

— e a—— e e ot ae b e e

1 5e2 0.61 Nonuni form Moderate

5 5.2 0.80 Uniform Pronounced

6 5.2 0.80 Uniform Pronounced

7 540 0okl Nonuni form Slight

8 Sely 0.94 NormunA form Pronounced

9 37 1.00 Uniform Very pronounced
10 348 0.52 Uniform Moderate
13 L3 0400
] holy 0400
15 L.o 067 Und form Pronounced
16 2.l 0400
13 L0 055 Nonuni form Moderete
20 5.7 0e66 Uniform Pronounced
2l G.8 0.93 Uniform Very pronounced
22 6.0 0.00
23 L6 0.67 Nonuniform Moderate
2L L2 0426 Nonund form Slight
25 3e3 0.97 Nonumiform Pronounced
26 5.7 0437 Noxuniform Slight

Diemeter in cm, of area conbtaining hydrolyzed fat

L
<~ velue = figneter 1n ome o ¢olony ares
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moans of the natural fat technigue. The pronounced lipolytic cultures
showed maximon, minirmm and average -%‘-- veluos of 1,00, 0,66 and 0,85,
rospectively, as compared with corresponding velues of the moderately
lipolytio penicillia of 0,67, 0452 and 0,59 and of the slightly lipolytic
cultures of O.lily, 0.26 and 0.37. In rogard to uniformity end intonsity
of lipolysls, cultures 9 and 21 were uniform and very pronounced;
cultures 5, 6, 15 and 20 were uniform and pronounceds cultures 8 and 25
were nonuniform and pronounced; oulture 10 wes uniform end moderates
cultures 1, 18 and 23 were nonuniform and moderate; ocultures 7, 2l and 26
wore nonuniform and slight, whereas cultures 13, 1, 16 and 22 wers
nonlipolytic according to the technique employed.

Lipolytic activities of certain peniclllis on cottonsesd

oll. The lipolytic sctivities on cottonseed oil were studied with 18
cultures. Table IX gives the resulis obtained after 7 deys et 21° C.

2. Results with natural fat technique: The lipolytie

activities on cottonseed oil varied considerebly, as lndioated by the
comparative -%— velues and the uniformity and intensity of lipolysis.

The pronounced lipolytic cultures showed a maximum -%‘- value of 1.00,

a minimum of 0.72 and an average of 0,83, while the moderately lipoly’cig
cultures showed maximum, minimum end average valﬁes of 0,83, 0461 and
0.79, respesctively; one slightly lipolytic culture sghowed an —%— velue
of OsTl4e Five cultures with -é*— valuaes of 0,00 were regarded as nonw
lipolytic according to the natural fat techmigue. In regard to uniformie
ty and intensity of lipolysis, culture 9 was uniform and very pronounced;

cultures 6, 8, 10, 15, 21 and 25 wore uniform and pronouncsd; cultures 1



TABLE IX

LIPOLYTIC ACTIVITIES OF CERTAIN PENICILLIA
O COTTONSEED OIL

Inoubation 7 days at 21° C.

as Results with nmatural fat technique

Diameter I, Uniformity
Culture of colony < of Lipolysis
noa Cie value ligg];ysia
1 8s7 0.78 Nonuniform Pronounced
5 646 0,61 Uniform Moderate
6 7.8 0.7h Uniform Pronounced
7 8.2 0s7h Nonuniform Slight
8 8.1 0.72 Uniform Pronounced
9 8.3 1,00 Uniform Very pronounced
10 TeT 0.84 Untform Pronounced
13 TeT 0,72 Nonunifomm Moderete
1 a2 0,00
15 Te3 0,85 Uniform Pronounoed
16 52 04,00
18 75 093 Nonuniform Pronounced
20 6.9 0 000
21 6«9 0,76 Uniform Pronounced
22 6.0 0483 Nonuniform Moderate
gﬂ 7'. 6 0000
8’. 0 0000
25 840 0483 Uni.form Pronounced

Table continued on page 638.



Table IX contimied.

1

5 40 0.50 Uniform Pronounced

6 5¢5 0458 Uniform Moderate

7 540 0«10 Nonuniform Slight

8 57 0,93 Nonundform Pronounced

9 L8 1.00 Uniform Very pronounced
10 St 0482 Uniform Pronounced

iﬁ 6e5 G.00

32 0400

15 L3 0.88 Uniform Pronounced

16 2.8 0400

18 3.6 0.80 Nonuniform Moderate
20 542 0.00
21 51 1,00 Uniform Very pronounced
22 548 0.00

23 5¢6 0,00
2l 6.0 Oulil Nonuniform Slight

25 L2 0.96 Uniform Pronounced
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and 18 were nonuniform end pronounced; culture 5 was uniform and
moderate; cultures 13 and 22 were nonuniform and moderates culture 7 was
nonuniforn and slight; while cultures 1l, 16, 20, 23 and 2l were non=
lipolytic,

b, Results with nile blue sulfate techniquer Except in a

fow instances the results were in genersl agreement with those obtained
with tho naturml fat technique., The pronounced lipolytic penicilliae
showed maximam, minimam end average -("I,l- valuos of 1,00, 0430 and 0.91,
respectively, as compared with corresponding values of the moderately
lipolytic oculbures of 0,30, 0,58 and 0,67 and of the slightly lipolytio
molds of Oukl, 0,40 and O0.L415, Some of ‘the cultures were considered nons
lipolytic sinoce ‘chéy gave -—(}:'— values of 0,00, With respact to uniformity
ond intensity of lipolysis cultures 9 and 21 were uniform and very pro=
nounced; cultures 5, 10, 15 and 25 were uniform and pronounceds oulture 8
was nonuniform end pronounced; oculturs 6 was uniform and moderate;
eultures 1 and 18 wers nonuniform and moderate; ocultures 7 and 2L were
nonuniform and slight; vhereas cultures 13, il.),, 16, 20, 22 and 2% were
nonlipolytioc,

From the deta presented in tables VIII and IX it is evident
that there was considerable variation in the lipolytio activities of
verious penicillia on butterfat and cottonseed oil, as deltermined by the
netural fat and the nile blue sulfateo technigues. This variation is
evidont in the -g— velues end in the uniformity and the intemsity of
lipolysis of the cultures.

With a few exceptions thers was e genersl agreement between
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the natural faet technique and the nile blue sulfate procedure with
regpect to the lipolytic activities of the penicillia.

Lipolytic activities of cortain penicillla on some simple

triglyceridess The lipolytic mctivitles of eight penieillia on sone

sinple triglycerides were dolermined by mecns of +the nile blue sulfate
technique, or by the disappearance of the Yriglycerides. The dye vas
added to the medium in ‘the proportion of 1 part to 10,000 parts of agar.
The rosults after 9 days at 21° C, are prosented in table X.

The data show considorable variatioa in the lipolytiec
activities of the penicillle on the simpls triglycerides; this was ine
dicated by the relationship of the diamster of the colowy to the area
which showed lipolysis, as represented by the expression ~Ié-.

Tripropionin exhlblited a high degree of boxloity toward the
peniocillia, as shown by the sizes of the colonies; the maxiimum colony
diameter on the medium containing tripropionin wes 4.5 omn., the minimum
wos 040 om, and the averago was 2.3 eme Hone of the culturos showed
hydrolysis of tripropionin,

Tribubtyrin also inhibited growth of the penielllia but the
inhibition wes not as marked as with tripropionin. Tho maximum, minimum
and average dlameters of the colonies wers 6.0, 2.0 and 3.6 cm., re-
spectively, The penicillie caused hydrolysis of tributyrin quite
readily, as evidenced by meaximum, minimum end averaze -%‘- values of 1.75,
1,00 and 1,27, respectively. The highest valunes were shown by oultures
12, 13, 18 and L1, while rolatively low walues were shown by cultures 5,
9, 15 and 25,



TABLE X

LIPOLYTIC ACTIVITIES OF CERTAIR PENICILLIA ON SOM

Incubation 9 days at 21° C.

Tripropionin Tributyrin Trivalerin Tricaproin __ Triheptylin
Dilameter [, Diemeter 1, Diemeter 1, Dismeter .1, Diemeter _&_ ]
Culture of colony ~G  of colomy "G  of colony “T of coleomy “C of colony ¢
N0 Cllle velue Ol value Clle value o velue e value
5 Bl 0a00 LaB  1e02 Tl LeO1 Pe6 000 i 0.76
9 3.2 0,00 6.0 1,00 567 1,01 246 1400 23 1,00
12 0.8 0400 2.0 175 le6 1,00 160 0,00 1.2 0,00
13 0,0 0,00 2,0 10 Sel 1.02 046 + % 345 +
15 34y 0,00 3. 1406 3.2 070 2,9 097 2,4 0.88
18 0.0 0.00 2e 1.29 206 1.19 3‘6 + % '4.8 0075
25 2,9 0,00 L2 1.04 Le6  0.78 2,0 0«54 3.3 1.00
ln lis5 0400 2.7 1460 3.0 1423 3.6 0494 a6 0,91

«Lipolysis positive, but too poorly defined for accurate measurement.






TABLE X
IES OF CERTAIN PENICILLIA ON SOME SIMPLE TRIGLYCERIDES
Incubation 9 daye at 21° C.

“Tricaproin _ Trihepbylin  Tricaprylin Trioaprin Trilaurin Triolein
Plameter .3, Diemeter. Diameter Diemeter Plameter Diameter
of colony "€ of colony of ocolony of colony of colony of colony

omg value e value CMe value e value om. value cm, value

2e0 0s00 3k 0476 Belt  0e93 3¢ 0408 Il + 3.0 100
246 1400 2¢3 1,00 2.4 1,00 6.0 1,00 2.9 + 2.9 1,00
1,0 0.00 1.2 0,00 9,0 0,00 9.0 0400 8.0 0,00 9.0 0.51
0.6 + % 3¢5 + * 7.8 0,00 0.7 0,00 6.3 0.00 9.0 + %
249 0.97 2.4 0.88 3,3 0,87 342 0493 2,9 4 » 3.5 1,00
346 Le8  0.75 3,0 + * 940 + 6e2 0400 0.5  0.00
2.0 0.5‘.‘. 363 1.00 3.0 0.66 1.8 1.20 2.3 + % 2.2 1.00
346 0,94 Le6 091 1.8 1,00 1.7  0.63 3,2 + * L7 1,00

ate measurement,
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The maximum diameter of the colonies on trivalerin was 5.7
cine , the minimum was le6 om. and the average 3.8 cms This triglyceride
was readily hydrolyzed by all eight cultures, as indicated by maximum,
minimum and averags -Ic"- values of 1.23, 0,70 and 0,99, respectively.
Cultures 5, 9, 12, 13, 18 and L1 showed high -é'— values, while cultures
15 and 25 exhibited low wvalues,

Tricaproin also retarded the growth of some culturess The
maximum diameter of the colonies was 3.6 cms, the minimum was 0.6 om. and
the average was 2,% ems Marked differences were noted in the lipolytie
activities of the cultures on tricaproin. The maximum -%- value was
1,00, the minimum was 0,00 and the average was 0,51, The highest -Ic‘-
values were shown by oultures 9, 15 and 41, intermediate by cultures 5
and 25 and low velues by cultures 12, 13 and 18,

When the culturss were grown on the medium containing trie
heptylin, the maximum colony dismeter was L4,8 cm., the minimum was 1.2
om, and the average was 3.2 cma The mximtmi, minimum and average -Ié-
values wore 1,00, 0,00 and 0.66, respectively. The walues for cultures
9, 15, 25 and 41 were relatively high, those for cultures 5 and 18 were
medium and the minimum valuss were shown by oultures 12 and 13.

The growth of the penioillia on the medium containing tri-
caprylin showed relatively large differences, as indicated by maximum,
minimum end everage colony diameters of 9.0, 1.8 end ;.2 om., respective-
ly. There were also definite differences in the lipolytic activities of
the cultures, the maxlmum -é’- value being 1,00 and the average value

0¢56¢ The minimum value was expressed as plus; this indioated positive



13

lipolysls which wes too indefinite for acourate measurement., The
highest -%— values were shown with cultures 5, 9, 15 and 41, while cule
ture 25 showed en intermediate value and culture 18 a low valuej cultures
12 and 13 were nonlipolytic,

The maximum diameter of a colony grown on the medium containe
ing tricaprin was 9,0 om., the minimum was 0.7 cm. and the average was
le3 ecms There was considerable variation in the lipolytioc activities of
the penloeillie, as shown by meaximum, minimum end average -é— values of
1.2, 0,00 and 0.58, respactively. The highest values were shown by
cultures 5, 9, 15 and 25, en intermediate value by culture L1 and low
values by oultures 12, 13 and 18,

On the medium which contained dispersed trilaurin, the
maximum, minimum and aversge diameters of the colonies were 8,0, 2.3
and 4.5 om., respectively. Cultures 5, 9, 15, 25 and 41 showed slight
but positive lipolysis of trileurin, as indicated by the plus -%- values,
while negative results were obtained with cultures 12, 13 and 18,

The aolonles on ‘the medium conteaining triolein showed a
maximum diemeter of 940 oms, & minimum of 0,5 oms end an average of
Loly om. The lipolytic activities of the oultures on triolein showed wide
differonces, as indicated by maximum, minimum end average -%- values of
1,00, 0,00 end 0,69, respectively. High -%- values were shown by
cultures 5, 6, 15, 25 and 41, an intermediate valus by culture 12 and
low values by cultures 13 and 18,

Additional trisls were also made comparing the lipolytioc
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activities of certain penicillia on some simple triglycerides on a
medium containing nile blue sulfate in the proportion of 1 part of the
dye to 15,000 parts ager. The plates were inapected twlce for lipolysis
and colony growth, The first examination was made after an incubation
period of L days in air plus 6 days in an atmosphere consisting mostly of
carbon dioxide at 21° C. The plates were then incubated 8 additional
days in the carbon dioxide atmosphere, after which they were again
examined. The purpose of inocubating the plates in carbon dloxide was to
retard growth and thus prevent a heavy growth, which rendered the
examination for lipolysis underneath the colonies difficult, The results
are presented in table XI,

8. Results with cultures incubated li days in air plus 6 days

in carbon dioxide at 21° C.t The date show significant differences in

the lipolytic activities of certain peniclillia on some triglycerides, as
evidenced by their -%— vaiuas.

The toxicity of tripropionin toward the penicillia was
evident from the siszes of the colonies, The maximm diemeter of a colony
was 2,0 om,, the minimum wes 0,5 om. and the average was l.l; cme With
culture 1l no growth was evident. No evidence of lipolysis of tripro-
pionin was noted with any of the cultures and the -é- values were 0,00,

Tributyrin also inhibited mold growth, although the inhibie
tion was not as great as with tripropionin, The maximum diemeter of +the
colonies was 3,9 cm., the minimum was 2.2 om, and the average was 2,9 cme
Tributyrin was readily hydrolyzed by all of the oultures, as evidenced by
relatively high —&- veluess The maximum, minimum and average -é- values
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TABLE XX

LIPOLYTIC ACTIVITIES OF CERTAIN PENICILLIA ON SOME

Tripropionin _ fributyrin Trivalorin __ Triocaproin —Trihept yiin
Tlameter Diameter 1, Diemeter _J Diamoter I Diemeter L 1
Culture of colony of colony O of colomy C of colony € of colomy € ¢
N0 Olffle value Olle value Cllle value Cllle value Oty value

8. Cultures incubated l; days in mir + 6 days in

6 2.0 0.00 2o2 1009 3.1& 1.00 hvs 0960 309 0‘59

7 1,0 0,00 3¢9 0485 by 0477 L9 0.39 L.8 0.48
]J-l- 0.0 Ce00 2‘5 1.12 1-6 1.00 lha 0.145 ‘ 300 OOﬁﬁ
25 0.5 0.00 243 1,13 2.9 1.gﬁ 3.0 0457 34 0.
27 2,0 0,00 3,8 1,05 3.8 0. 3.8 0,55 Ll 0456

be Cultures incubated 4 days in eir + 1 days in

% L0 0,00 Re7  1lellt .G 0,98 B¢l 0e78 3.9 0.59
7 2,0 0,00 L7 1,23 55 0696 6.5 0.77 6.l 0.85
T 0.5 0.00 3.6  1l.lh Zel 0.90 E:E 0,67 L2 0.29
25 0,9  0.00 Lely 1437 L2 1410 L 0.82 L.l 0,88

27 3,8 0,00 5.7 1407 6,0 1,02 5s0 0456 5.8 0,71

*Lipolysis positive, but too poorly defined for accurate measurement,






TABLE XI

OF CERTAIN PENICILLIA ON SOME SIMPLE TRIGLYCERIDES

*Toaproin ‘Trihept yiin T:I. caprylin Tricaprln Trilaurin__ “Triolein
wter I Diameter L iametor _50._ “Diemeter Plameter Diameter
lolony C of colony ¢  of colony of colony C of colony € of colony C
Me value Qme value [y wvalue oM, value e value cm, value
L 4 days in air + 6 days in carbon dioxide at 21° C,

w5  0.60 3.9 0.59 3¢9 Os0hL 3:7 0.70 3e3 * %8 0.H8
19 059 L.8 OOLIB Loy 0+39 1 Ouli1 Lely 0,00 L6 0.00
2 Ouli5 340 0463 3.8  0.39 Lel 0.1 Lei 0400 Ll 0,00
540 0457 3. Oulidy 2.6 0.54 3.0  0.87 2.8  0.00 346 0.69
;] 0e55 L. 056 3¢5 0.51 Fe5 060 3e7 0600 3.8 *
| 4 doys in air + 1y days in carbon dioxide at 21° C.

el 0478 3.9 0.59 Ik 0,80 348 Q.87 3¢5 ¥ Le2 0495
b 077 6el 0,85 2‘8 0.59 L5 0.84 i:a 0400 55 0.73
e 0467 L2 0,29 0,68 0 0,84 5 * L1e5 .
oly  0.82 L1 0.88 0.62 6 0,91 L0 » 5.0  0.52
w0 0u56 548 0,71 h-? 0468 L4e9 0,92 5s1 0,00 600 *

messurement.
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wore le13, 0.85 and 1,05, respectively. Wlith the oxception of culture
7 which showed the lowest -I-c‘-‘- value, the molds showed relatively uniform
lipolysis on tributyrin,

The maximum colony dismelaer on the medium containing triw
valerin was L.Jj cm., the minimum was 1.6 ecm. and the average was 3.2 cm.
Although trivalerin showed less inhibitory eoffeet than tributyrin toward
cortain penicillia, it was more toxic toward culture ll;, which developed
e colony measuring l.6 ocm. in diameter compared to 2.5 em. on ‘tributyrin,
The five culbures produced pronounoced lipolysis on trivalerin, as shown
by maximum, minlwmum and average -Ié- values of 1.03, 0,77 and 0,92, ro=-
apectively. The highest values were shown by cultures 6, 1l and 25 and
the lowest by cultures 7 and 27,

The restralning influence of tricaproin on mold growth was
less marked than with the triglycerides of lower moleculer weights., The
maximum, minimum and average diameters of the colonies were L.9, 3.0 and
L1 om., respectively. The maximum -Ié- valus was 0460, the minimum was
0439 and the sverage was 0,51 The highest wvalues were shovm by cultures
6, 25 and 27 and the lowest by cultures 7 and ll.

The maximum, minimum end average diameters of the colonies
on triheptylin were Lj«8, 3.0 and 3,8 am., reapectively. Less variation
was noted in the lipolytio activities of the cultures them with the
lower triglycerides, as indiceted by a maximum -Ic‘- value of 0.63, a
minimun of O.Ll and an average of 0.5L. The highest values were noted
with oultures 6, 1l and 27 and the lowest with cultures 7 and 25,

Coloniss on the medium which contained dispersed tricaprylin
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showed fairly normel development; the maximum colony diemeter was L.l
cme, the minimum wvaes 2.6 cm. and the average diameter was 3.6 em. The
oultures weras modsrately lipolytic on triceprylin, as indicated by a
meximum -IE'- velue of 0,6, e minimmm of 0.%9 and an everazs value of
0.19. The highest %’— values were shomm by cultures 6, 25 and 27 and
the lowest by 7 and 1l

The growth of the oultures on triceprin showed marked
similarity to the corresponding cultures on triceprylin. The maximm,
minimum and nverapge diameters of the cnlonies were li.l, 3.0 and 3.7 cm,,
respectively, All of the ocultures caused hydrolysis of tricaprin., The
maximum, minimum end average -%- values were 0.87, O.41 and 0,61, re=
apectively, The highest values were showm by cultures 6, 25 end 27 and
the lowest by 7 and 1l

Although trilaurin showed some restralning ection with
respect to the growth of certain of the molds, fairly normal development
of the ocultures ocourred in all cases, The maximm colony dimmeter was
L.k, the minimun was 2.8 end the average was 3,7 om. Culture 6 wzs the
only mold in the group which showed definite lipolysis of trilaurin;
this ection was so slight and indefinite that no aoccurate moesurement of
the hydrolyzed area could be made, and consequently the lipolytic action
was indicated by a plus sign,

Triolein seemed to have no restraining effect on the growth
of the penicillia. The maximum, minimum and the average sizes of the
colonies were l,6, 3.6 and 3.9 cm., respestively. The -%- values showed
moderate lipolysis with oultures 6 and 25, thero was slight but positive



78

lipolytic ection with culture 27, whilo negative activity was indicated
vith cultures 7 and 1ll,

be Results with cultures incubeted L days in air plus 1l

days in carbon dioxide et 21° C.: The data show resulis sinilar to those

obtained on shorter lncubastion wlth the exceptlion of a few instences
where changes in the -%'- values had ocourred. Tripropionin agein showed
markaed toxicity toward the penlcillia, as evidenced by the dlsmeters of
the colonies. The maximum diameter of the colonies was 4.0 cm., the
minimun vas 0,5 cm. and the average 2.2 ome Cultures 7, 1l and 25 showed
the greatest inhibitlion. HNone of theo culbures caused lipolysis oa trie
prorpionin,

The maxinmun diameter of the coloniss on tributyrin was 5.7
eme, the minimum was 3.6 ome and the average was Ly ome The «%— values
indicated pronounced lipolysis wlth all of the oultures an tributyrin;
the maximm, minimm and averaze values were 1.37, 1.07 and 1.19, re-
spectively. The highest values were rhown by cultures 7 and 25 and the
lowest by cultures 6, 1l end 27.

The cultures on trivalerin showed maximum, minimunm and
averase dlameters of 6,0, J.1 ond 4.7 cms The -Ié— values of the cultures
showed pronounced lipolysis on ‘the triglyceride, os indieated by e
maximum velue of 1,10, a minimum of 0,90 and an average of 0499,

Cultures 25 and 27 showed the highest and cultures €, 7 and 1l the lowest
-%‘- values.
Tricaproin had relatively little inhibitive influence on the

growth of the penielllia studied, Tho maximum, minimum and average
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diemeters of the colonies wore 6,5, liJi and 5.2 cme. The cultures were

moderately lipolytic on tricaproin, as indicated by the -%- values; the
maximm value was 0.82, the minimum weas 0.56 and the average was 0.72.

Cultures 6, 7 and 25 had the hichest values and cultures 1l and 27 the

lowests

The cultures showad eomperatively good growth on triheptylin;
the maximum colony diametoer vms 6.1 om., the minimum wes 3.9 cm. and the
averaza 4,8 em, The cultures varied rather widely in theinr abllitias‘to
cause lipolysis of triheptylin, as evidenced by maximum, minimun and
averagse ~%~ valuss of 0,88, 0.29 end 0,66, respectively. The highest
values wore noted with cultures 7, 25 and 27 and the lowest with cultures
6 end 1,

The maximum slize of the colonies on tricaprylin was 5.8 cm,,
the minimum wae .1 om., end the average vas L.6 cm. in diameter. The
oultures did not show as wide differences in their lipolytic ectivities
on tricaprylin as on the lower triglycerides. The maximum -%— volue of a
culture was 0.8, the minimum wns 0,59 and the average was 0,68. The
highest velues were shown by cultures 6, 1l and 27 end the lawest by
cultures 7 and 25,

Tricaprin seemed to exhibit e slight inhibitive effoect on the
growth of some of the eultures while others were not retarded in growth,
The colonies showed a maxinum diameter of 5.0 om., a minimum of 3.8 om,
and an average of l;5 om, in dismeter. The ocultures did not show large
differences in their -%~ values, as indicated by maximum, minimwm and

avernge values of 0,92, 0,84 and 0.88, respectively.
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The maximuu dismeter of a colony on trilaurin woe 5.2 am.,
the minimum vas 3.5 om. and the average was 4.5 cme Cultures 6, 14 and
25 showed indication of lipolytic activiiy oz trilaurin; however, the
lipolysis wae slight and teo indelinite to be measured, conscquently a
plus sign was used to designate positive hydrolysis of the triglyceride.
Hegative results with respect to lipolysis wore obtained with cultures
7 and 27 and indicated by =g= values of 0400

The cultures showed normal zrowth on triolein. The meximum,
minimuen and average dlameters were 6.0, L.Z snd 5.0 om., rospoctively,
Lerge variations oceurred in the —%u values, Cultures 6, 7 and 25
showed bthe corvesponding values of 0.25, 0.73 end 0.52, while cultures
1} and 27 showed slight but definite lipolyels es indicated by plus
raluss, |

Tha lipolytic activities of certuin ponicillla on some trie
glycerides wers again comparsd snd the results ars prosented in {igures
ly and 5, The results are similer to those given in tables X and XTI with
the following exceptions; cultures 5 and 15 showed active lipolysis of
triproploning culture 15 exhibitod pronounced lipolysis of ‘¢rivaloring
culture 15 showed no lipolysis of trilaurin; nons of the cultures
showed lipolysis of trimyristia or tripalmitia, two triglycerides were
not imeludeéd in the data reported in the tahles,

From the data prssented in tubles X and XI end figures L and
5, 1t is evident that there was considerable variation in the lipolytie
scbivities of vurlous peniecillia on diffsrent triglycerides, In only a

fow ingtances waas the lipolysis of tripropionln noted. However,
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tributyrin and trivalerin wes readily hydrolyzed by all of the ocultures.
As the molecular weights of the triglycerides inoreased, variations in
the lipolytic aotivities of the cultures became more consplcuous. Some
cultures showod relatively gradual declines in their lipolytic activities
while others declined sharply on the lower triglycerides, beginning with
tricaproin. While most of the culturss wers actively lipolytic on the
triglycerides from tributyrin to and including triceprin, several showed
negative results with trilaurin, | _
It is also evident that some of the triglycerides were toxio
with respect to the penicilliaj this was evidenced by retarded culture
growthe The cultures were variously affected by the different tri=
glyocerides, some of them showing reletively high sensitivity while others
were more resistant, In general the triglycerides that exhibited the
most pronounced toxicity toward the penicillia were tripropionin, tri-
butyrin, trivalerin, tricaprin and trilaurin. According to the data from
figure 5, it is also evident that trimyristin and tripalmitin were
usually toxic toward the molds. The least toxleity was evident with trie

heptylin, tricaproin, triceprylin and triolein,

Factors Affecting Lipolysis of Fats

Effect of carbon dioxide and nitrogen on lipolytic activities of certain

penicillia on butterfat

In studying the effect of certain gases on the lipolytic

activities of the penicilllie, the inoculated plates were placed under a
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bell jar, after which the bottom of the jar wms sealed with stopcock
groase to & glass plate to provent leakage of the gas mixture. A
definite fraction of alr was then evacuated from the jar, as determined
with o manometers this wms followed by introduction of the gas into the
jJar until normal atmospheric pressure was obtalned. When the gas mixture
consistad of carbon dioxide and nitrogen, the air was first replaced by
carbon dioxide by permitiing a stream of the gas to enter the jar slowly
through a tube which oxtended almost to the bottom of the container., The
incoming carbon dioxide gradually replaced the air which wes emitted
through a vent at the top of the jar, A definite fraction of carbon
fiioxide we.s then evecueted and nitrogen was introduced until normal ate
mospheric pressure was regained.

The effect of carbon dioxide snd nitrogen on the lipolytie
activities of certain peniclllia was studied with five cultures on
butterfet dispersed in Czapek's solution agar, using the nile blue sule
fete technique (1 part dye in 15,000 parts ager). The results after 8
deys at 21° C. are presented in table XII.

The deta show marked differences in the lipolytic activities
of the penicillia when grown under the influence of different gas
mixtures. When the ocultures wers grown im air, the maximum colony
diemeter was 6.3 om., the minimum was 45 omes and the average wes 5.3 cme
The maximum, minimum and aversge -%‘- values were 0489, 0,17 and 0.58,
respectively. Cultures 5, 15 and 25 showed uniform and pronounced
lipolysis, while cultures 8 and 26 exhibited nonuniform and slight
lipolytic action.
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TABLE XII

EFFECT OF CARBON DIOXIDE AND N ITROGEN ON I
OF CERTALY PENICI LLIA ON BUT!

Incubation 8 days at 21°

Czapek's solution aper 4 nile blue gulfiate (1 part

Normal eir supply 3 parts air -+ 1 pert carbon dioxide 3 partt

Culture Diexeter Uniformity Dimmeter 7, Uniformity Dlsmeter
no. of colony of Lipolysis of colony € of Lipolysis of colony

CMe value lipolysis CIle valuo lipolysis Che W

5 L5 0,8l Uniform Pronounced 548 0.7 Nomuniform Slight 7.3 O

8 5¢1 04,18 Nomuniform Slight Lo  0.83 Homuniform slight 7.6 0O

15 643 0.81 Uniform Fronounced 540 0435 Nonuniform Slight 6.9 O

25 L5  0.69 Uniform  Pronounced 3.8 0,76 Nonuniform sSlight = 6.3 1L

26 6.0 0.17 RNonuniform $light 5e3 0,59 Nonuniform Slight . 743 O







TABLE XII

AND NITROGEN ON LIPOLYTIC ACTIVITIES
JENICI LIIA ON BUTTERFAT

.on 8 days at 21° ¢,

y gulliate (1 part of dye 3 15,000 parts agzer):

ixide 5 parts air 4 1 part nitropen 4 parts carbon dioxide -+ 1 part nitrogen
Diameter 1, Uniformity - Diameter 1,  Uniformity

slysis of colomy ~C of Lipolysis of colony “C. of Lipolysis

cme  velue lipolysis Ome value lipolysis

Lght Te3 0485 Unifornm Pronounced 59 0.93 Uniform Pronounced

Lght 7.6 0471 Uniform  Moderate 7.2 0476 YNonmmiform Noderate

Lght 649 0474 Uniform  Pronounced 3.2 0479 Uniform Pronounced

Lght 643 1,00 Uniform  Very pronounced Lo  0.89 Uniform Pronounced

Lght 7¢3 0.73 Uniform HModerate 543 0.7l Nonuniform Moderate
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The cultures inocubated in 3 parts air and 1 part carbon
dioxide showed respective meximum, minimum and everage diameters of
5¢8, 3.8 and 5,0 em, The maximum -%- value vas 0.83, the minimum was
0.35 and the average was 0.65. All five cultures showed nonuniform
lipolysis and were considered only slightly lipolytic,

Incubation of the peniocillia in an atmosphere consisting of
3 parts air and 1 part nitrogen resulted in coloniec which showed denser
conidial growth and more pronounced lipolysis, when compared with the
same cultures grown in air. The maximum colony diasmeter was 7.6 om.,
the minimum was 6.3 om. and the average was 7.5 ome The maximum,
minimum and average -%- velues were, respectively, 1,00, 0,71 and 0,81,
Cultures 5 and 15 showed uniform and pronounced lipolysis, culturss 8
and 26 showed nonuniform and modernte lipolysis, while culture 25 exe=
hiblted uniform and wvery pronounced lipolytic aotion,

In an atmosphere consisting of 7 parts carbun dioxide and 1
part nitrogen, the growth of the penieillia was slightly greater and the
lipolytic activities were mors proncunced than wlth the same cultures
incubated in a normal air supply; The maximum, minimum end average
colony diameters were 7.2, 3.9 and 5.6 om., respectively; tho maximum,
minimum and average -%— values were 0,93, 0.7l and 0.82, respectively.
Cultures 5, 15 and 25 showed uniform and pronounced lipolysis and
cultures 8 and 26 exhibited nonuniform and moderate hydrolysis of butter=
fet.

From the date presented in table XII it is evident that there

were marked wvaristions in the lipolytic ectivities of the penisillia on
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butterfat when grown under the influence of different gas mixtures. This
variation is evident in the -%f— values and in the uniformity and pere
ceptiblility of lipolysis. The lipolytic motivities of the peniecillie
were retarded when the cultures were grown in an atmosphere consisting of
3 parts air and 1 pert carbon dioxlde, while thelr activities were cone
siderably asccelorated in 3 parts air and 1 pert nitrogen end slightly

accelerated in 3 parts carbon dioxide and 1 pert nitrogen.

Effect of lj per cent sodium chloride on lipolybtic activities of certain

peniocillia on cottonseed oil

The effeat of sodium chloride on tho lipolytic aotivities of
certain peniecillia on cottonseed oil was investigated with 12 oultures
by means of the natural fat technique. Table XIII gives the results
after 8 days at 25° C.

The data show that 1.0 por cent sodium chloride in the medium
resulted in a slight to pronounced decrease in colony pgrowth, when come
pared with growth on the medium to which no selt had been added. The
maximun diameter of colonies grown on medium whioh oonteined no salt wes
9,3, the minimun was 4.5 and the average was 7.l em., as compared with
the respective maximum, minimum and average diameters of 8,9, 1.5 and
5,2 cm. for the colonies grown on agar to which )i per eent sodivm
chloride had been added,

The medivm which contained no salt showed maximum, minimum
and average -%‘- values of 1,00, 0,00 and 0,52, whj.le the medium to which

L1c0 per cent sodium chloride had been added showed corresponding values



TABLE XII1

BFFECT OF L PER CENT SODIUM CHLORIDE OF LIPOLYTIC ACTIVITIES
CF CERTAIYW PENICILLIA OF COTTONSEED OIL

(Fatural fat techniaue)

Incubation 8 days at 25° G,

Per cent sodium chloride added per 100 grams medium

0.0 per cent

;40 per cent

Dianever Dismeter
Culture of colony ] Uniformity of of colony Uniformity of
no. Crle velue 1lipolysis Lipolysis o, value lipolysis Lipolysis
1 8oy 0,70 Fonuniform Yoderats 72 0.55 Homuniform Slight
5 8.7 0.7C0 Uniform Pronocunced S5e2 0.38 Tmiform Hoderate
6 545 0.91 TUniform Proncunced 5e2 0.77 TUniform #oderete
7 8.8 0.3y FNonuniform Slight 63 0.63 Yonmuniform Slight
8 642 0.81 Nonuniform Noderate 8¢9 0.56 Hommiform Slight
9 L5 1.00 TUniform Pronounced 342 0.9 TUniform Pronounced
10 S3 0.43 TUniform Hoderate 740 0.57 Honuniform Hoderate
11 5.8 0.00 5.0 0.0 Fonuniform Slight
12 9.0 0.00 3.y 0.88 Nommiform Slight
13 8.8 0.5 Nonuniform Slight Le5 O.Ll; Tonuniform Slight
1 6.5 0.00 1.5 0.00
15 L5 0.95 Uniform Pronounced Liels 0.91 Fonuniform Noderate

8g
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of 0,94, 0,00 and 0,58, respectively. Although there was no appreciable
decrease in ‘the -%?'- values, lipolysls was less intense in the preseonce
of salt,.

The results given in table XIII indicate a sllight decrease
in the lipolybic activities of certain penicillia on cottonseed oil when

the medium contained U per cent sodium chlorides

Bffect of ‘temperature on lipolytic activitles of certain penicillla on

cottonseed oil

The effect of temperature on the lipolytic sctivities of
certain penicillie on cottonseed 0il was studied with 11 culiures by
neans of tho natural fat techmiques One set of cultures was incubated
at 25° C,, while another group was grown st 9° to 10° C. The rosulis
after T deys are presonted in teble XIV,

The dats show that grester mold growth resuited when the
cultures wore incubated at the higher than at the lower tempsraturse.

Vhen the cultures were incubated st 25° Ce, the maximum colony diameter
was 9.0 cma., the minimum was 4,5 cme snd the averags 7.5 chme, a5 come
pared with corresponding messurements of 5.5, 2,3 and L.2 em, at 9° to
10° ¢,

The penicillia showed greater lipolytic action at 25° C. than
at 9° to 10° C., as indicated by the comperative -%- values. The maximum
-%'- value of colonies grown at 25° C, was 0,91, the minimm was 0,00 and
and the average was 0,18, as compnred with similar values of 0.63, 0,00

and 031, respectively, when the cultures were grown at 9° to 10° C.
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TABLE XIV

EFFECT OF TEMPERATURE ON LIPOLYTIC ACTIVITIES
OF VARIOUS PENICILLIA ON COTYONSEED OIL

(Natural fat teohnique)

Cultures incubabsd 7 days ubs

257 Ce 9 to 10° C.
Diameter L Diameter L

Culture of colony T of colony C
nay Clte value Os value
1 Bkt 0459 L. 0.143
5 87 0.69 L5 0.55
6 545 0.91 La 0461
T 8.8 O3k 5.1 0e29
8 8e0 0.62 LS 0.41
10 9.0 0.78 5.0 0463
11 5.8 0,00 L1 0.00
12 9.0 0.00 545 0.00
13 848 0eli5 348 0400
1 645 0.00 2.3 0400

15 115 0.88 2.8 0450
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From the daba prosonted in bable XTIV it is appasrent that the
penicillia showed greuter lipolytic action on cottonseed oil when the
cultures were grown at 25° G, than at 9° to 10° C., es indieated by their
comparative ~%~ valuess, Tt is also evident thal considerably groater
growith of the cultures occurred at the hizher than at the lower temperaw

tures; this was evidenced by the relative diameters of the colonies,

General Observstions of Changos Occurring in Lipolysls
of Certain Fats nnd Triglycerides with

Nile Blue Sulfate Technique

In the study of the lipolytic activities of various
penicillia with the nile blue sulfete technique, the changes which oc=
curred In the physical appearance of globules during hydrolysis were
noted. The observations were usually made with a wide field dbinooular;
however, a mioroscope with a magnification of 100 diamotors was frequent=
ly employed for closer scrutiny of the globules., In soms instences
photomicrographic reproductions were made to illustrate changes which
nceurred In the fats and triglycerides. The photomicrographs repre-
sented a magnification of 100 diameters and were obtained on cultures
incubated for a period of 8 days at 21° C. The colors were reproduced
from the originel plates by tinting.

Lipolysis of bubterfat and cottonseed oill: Figure 6 shows

the lipolysis of butberfat and cottonseed oil by typical Penicillium
cultures. HNile blue sulfate wns added to the medium in ‘the proportion

of 1 part of dye to 15,000 parts agara



FIGURE 6.

BUTTERFAT

LIPOLYSIS OF BUTTERFAT AND

COTTONSEED

COTTONSEED OIL BY A TYPICAL PENICILLIUM CULTURE
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The unhydrolysed butterfat wns reoprasented by the pink
rlovulens, while the blue globules ware reproseartative of the hydrolysed
fat., Intemnadiate stages of hydrolyeis were indicated by various
shadea of the globules from peach red to the violet colorss Inspsotion
of individual zlobules revealod the olly charasbor of the pink une
hydrolysed fat ea omirasted wlth the tenasclous pelligle surrounding
the globules waich had wndergone cheangos in colors Whon the pellicles
were pwotured an oll like fluid escnpod fram tho globuless Dxaunisae
o of the medium, comtainiag nile blue sulfate, undernesih the
solonios revezied that 1t was practically devold of ocolor, The dise
sipation of ocolor from the medium beonne more pronsunced with the age
of the oultures,

Cottonsaed oil exhibited ohangses on hydrolysis quite
gimiler to thoge adgorved with budterfats The globules underwsnt a
aories of colar achangas frowm pink or red through various shades of
mrple a.}xd Linally to blua.' 4 tensolous pellicle vms also obsarved
with the hydrolyzed cotboneasd oil globulesn.

Lipolysis of triglyseridess In the lipolysis of tripro-

plonin, telibutyrin end btrivelerin, hydrolysis was ovidenced by the
disappearance of the triglycoride globulessy when this extended beyond
tho area of the mold colonies, it was ovident by the fommtion of a
cloar aron In the medlwi, HRile blue pink dyo was readlly absorbed by
the lowor triglycerides.

Figures 7 showa the lipolysis of triemproin, trieaprylin,
trioaprin and ‘briolein by bypicel oultures with the nile biuwe sulfate



FIGURE 7.

TRICAPRIN TRIOLEIN

LIPOLYSIS OF DIFFERENT TRIGLYCERIDES BY A TYPICAL PENICILLIUM
CULTURE
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technique,

Tricaproin showed unhydrolyzed globules of an intense pink
hue; as hydrolysis progressed they changed to peach red, later to
reddish purple, then to purple and to blue, The color changes were ac-
companied by the disintegration or solution of the globules, as indi-
cated by their gradual disappearance.

With triceprylin various stages of lipolysis were noted,.
The globules ranged in color from pink to shades of blue. Some of the
blue globules were of concave and others of crater like appearance,
indicative of the gradual disappearance of the products of hydrolysis.

In the lipolysis of tricaprin there was no indication of
the disappearance of the products of hydrolysis. The blue spherical
globules appeared to be characteristic of the early stages of
hydrolysis, while later the materiml constituting the hydrolyzed
globules assumed the form of plaques, as shown by the large masses of
blue material.

The illustration showing lipolysis of triolein under the
margin of a colony is typical with respect to the hydrolysis of this
triglyceride. The unhydrolygzed globules were vividly red, while upon

hydrolysis they became intensely blue.

Proteclytic Activities of Various Penicillia

In the study of the proteolytioc actlvities of wvarious peni-
oillia, the extent of proteolysis was determined by measuring the

diameter of the clear area formed in milk agar under and around a mold
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colony. The relationship between the diameter of a colony end of its
hydrolyzod aree was designated by the mathematical expression -—5-3 P
reprosents the diameter in centimeters of the hydrolyzed area and C the
diameter of the ocolony, When the -g- value was 1,00 the diemeters of
the colony and the hydrolyzed area were the same, and when it was less
than 1.00 the area of the proteolyszed ares was smaller than that of the
colony. The intensity of proteolysis was estimated by observing the
degreo of transparency of the hydrolyzed area and was designated ao=
cordingly as.negative, slight, moderate, pronounced or very pronounced,

The proteolytic activitles of certain peniocillia wers
studied with 14 culbtures by means of the ecidified milk agar and the
carbon dioxide techniques. The results after 8 days at 21° C. are pre=
sented in table XV,

as Results with acidlfied milk agar techniques The data

show wide differences in proteolytic activities of the penioillia, as
indicated by the relative -%- values and the observations on the ine
tensity of proteolysis. The maximum, minimum and average -5- values
were, respectively, 1.12, 0,00 and 0.65, while the proteolysis ranged
from negative to very pronounced. Culture 6 shc;med very pronounced
proteclysis and it had a -E- value of 0,973 oultures 1, 5, 9, 15 and 25
were regarded as pronounced proteolytic and their -%- values ranged
from 0,78 to 1.12; ocultures 10 and Ll were moderately proteolytic and
their -%— values were 0,79 and 0,77, respectively; cultures 7, 8, 14
and 27 were slightly proteolytic and their -§- values veried from 0,11

to 0.89; while cultures 26 and L2 showed no evidence of proteolysis and
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TABLE XV
PROTEOLYTIC ACTIVITIES OF CERTAIN PENICILLIA

Incubation 8 days at 21° C,

&8s Results with moldified milk agar technique

Diemeter P
Culture of colony i Proteolysis
N0, Cine value
1 Lo 1,00 Pronounced
5 5.0 1,12 Pronounced
6 L.5 0497 Very pronounced
7 h.2 Oulid Slight
8 L.3 0.21 Slight
9 5el 1.11 Pronounced
10 Le7 0.79 Modersate
1l L6 0.89 S1ight
15 L9 0490 Pronounced
25 L,2 0.78 Pronounced
26 haly 0400 Nogative
27 1 0,11 Slight
N} L.8 0.77 Moderate
L2 4.0 0400 Negative
bs Results with c¢arbon dioxide technique
1 La9 1,00 Pronounced
5 5.0 1.1 Very prounounced
6 L5 0498 Moderate
7 L2 1.02 Very pronounced
8 h.2 1,02 Pronounced
9 5.0 1.11 Very pronounced
10 45 0494 Hoderate
1 5 0.17 Slight
15 8 0.87 Pronounced
25 La7 1.10 Pronounced
26 ) 0.00 Negative
a7 Lol 0490 Moderate
n L8 0481 Slight
L2 LS 0491 8light
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‘their ~§- values wore 0.00. Although culture 1l showod a relatively
high -g— value of 0.89, it was regarded as slightly proteolytic since
the milk contalned in the agar was not digested to the point whers the
medium was transparent but oexhibited a cloudy effact suggestive of
slight proteolytic activity.

be Results with carbon dloxide technique: The data indji-

cate wide differences in proteolytic aotivities of the penicillia. The
maximim, mininum and average -%n values were léll, 0,00 and 0,78, re=
spectively and the intensity of protoolysis ranged from negative to

very pronounceds. Cultures 5, 7 and 9 showsd very pronounced prote-
olysis and their -%- values ranged from 1,02 to lell; cultures 1, 8, 15
and 25 showed pronounced proteolysis and their -g— values ranged {rom
087 to 1.10; oultures 6, 7 and 27 were moderately proteolytic and their
-%m values varied from 0,90 to 0.,98; cultures 1l, Ll and L2 exhibited
slight proteolytic activities with -5— values ranging from 0,17 to

0913 while culbure 26 showed negative proteolysis,

Additional trials were made with 10 cultures to determine
‘the proteolytic activlitlies of the penlcilllia with the carbon dioxide
teohnique. The results after 1l days at 21° C, are presented in
table XVI,

There was marked variation in the proteolytic activities of
the penicillia, Cultures 1, 5, 6, 7, 16, 18 and 21 were very pro-
nounced proteolytic with -En velues ranging from 1l.01 to 1.20; culture
20 showed pronounced proteolysis with a e value of 1l.00; cultures

C
Ly, 8 and 10 showed moderate proteolysis end had -5- velues of 0.89,



TABLE XVI
THE PROTEOLYTIC ACTIVITIES OF CHRTAIN PENICILLIA
(Carbon dioxide teohnique)

Incubation 11 days at 21° C.

Memeter

Culture of colony '5. Proteolysis

noe om, value
1 6e3 1.13 Very pronounced
L} SQLI- 0089 Moderate
5 baly 1.20 Very prounounced
6 L5 1.10 Very pronocunced
7 53 1.02 Very pronounced
8 5.9 0493 Moderate

10 Le7 1,10 Moderate

11 L5 0.93 Slight

12 7.& 0.00

15 To 1,00 Slight

16 S 1,01 Very pronounced
18 5.1 1,30 Very prounocunced

20 5.6 1.00 Pronounced

21 6.9 1,04 Pronounced

22 67 1.00 Slight

2l L5 0438 Siight
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0eY3 and 1410, respoctively; while with culturs 12 negatlive rosults
werse obtained, es indicated by & —g— value of 0,00,

Some of the cultures studied werc also considered in table
AV. There was a general agreament bvebweca the results obtained with a
given culture,

From the date presented in tables XV and XVI it is evident
that there was considerabls variation in the proteolytic activities of
various penicillie on mllk eger, as determined by the acldified milk
agar and carbon dioxide techniques. Bvlidence of this is apparent in
the -lé- velues end intensity of proteolysis of the cultures, There was
e goneral agreement between the results obtsined with the two tech-
niquesi however, in a fow instances they felled to conour, With both
‘tochniques the activities of the cultures ranged from nonproteolytic to

very pronounced proteolysis.

Effect of Varlous Factors on Protsolytic Aetivities

of Certain Penicillia

The effect of temperature, of carbon dioxide and of
nitrogen on the proteolytic activities of certaln penieillia was
studied with seven cultures on Czapek's solution x;kim milk agars The
rates of growth and of proteolysis were investigated under the followe
ing growth conditions: (1) air at 28° C.; (2) air plus 10 per ocent
carbon dioxide at 28° Ce3 (3) ocarbon dioxide at 28° C.s (4) nitrogen at
28° Ce3 (5) air at 19° G, and at 12° ¢, The growth and proteolysis

ourves were plotted in a mamner eimllar to thet employed in plotting
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the lipolysis curves in figures 1 and 2. The results ere prosented
in figure 8.

Since mo grovwth occurred with culture 25 when grown in air
at 28° C., no date were obiained for plotbing. The remaining cultures
showed slow, growbtn in air at 28° C., as indicated by the gradual ine
crease in the slopes of the ourves. Cultures 12, 15 and 13 showed
proteolysis curves which preceded but were almost parallel to the
growth curves, while no proteoclysis was notioeable wlth the remaining
cultures, |

When the cultures wers incubasted in an atmosphere which
consisted of air plus 10 per cent carbon dloxide gas et 28° C,, growth
ocourred slowly, &s shown by the slight rise of the curves. Marked
differences were noted in rates ol proteolysis with the seven cultures,
as indicated by the reletive slopes of the curves. Cultures 12, 15 and
18 showed pronounced proteolysis, cultures 16 and 25 were slowly and
glightly proteolytic, whereas cultures 1l and 20 showed no indication
of protequsia.

Vhen the peoniclllia wers grown in an atmosphers of carbon
dloxide at 23° C., only a negligible amount of growth oecourred with
cultures 12, 14, 15, 18, 20 and 25, while no growth was noticeable with
culture 16,

The growth of the peniclllia incubated in an atmosphere of
nitrogen at 28° C, prooeeded slowly, as indicated by the slowly ascend-
ing growth ocurves. Proteoclysis was pronounced with cultures 16 and 18

while none was evident with 12, 20 and 25. Cultures 12, 1l and 20 were
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FIGURE 8.

EFFECT OF VARIOUS FACTORS ON PROTEOLYTIC ACTIVITIES OF
CERTAIN PENICILLIA
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contaminated with other molds after 5 and 7 days end consequently the
tosts were discontinued.

Wher. the cultures were incubated in air at 19° ¢,., the
growth wes comparatively ropid as shown by the corresponding curves.
Howover, proteolysis was notlceable to a slight extent with only one
culbure,

The growth of penioillia in air at 12° C, wes somewhat re=
tarded, when ocompered with the development of the same cultures et 19°
Ce With exception of culbure 15, none of the seven ocultures showed
evidence of proteolytic activity at 12° C.

From the data presented in flgure 8 1t is apparent that the
rates of growth and of proteolysis of wvarious penicillia are affected
by different growth conditions, The oultures grew more slowly but
showed greater proteolytic actlvities in air at 28° C. than at 19° or
12° €43 they were somewhat retarded in growth but proteoclysis was une.
affacted when grown at 28° C. in an atmosphere in which 10 per cent of
the air had been replaced by carbon dioxide; culture growth and proteoce
lysis at 28° C, were almost stopped in an atmosphere which consisted
almost sntirely of carbon dioxide; growbh was usually unaffected but
proteolysis was slightly nccelerated at 28° ¢ in an atmosphere which

gonsisted almost completely of nitrogen,

Effect of Type of Inoculating Material on

M51d Growth in Cheese

In the studles on the effect of the type of inoculating
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material on the mold growth in ripened cheese, agar slope, agar plate

and dry bread cultures of the molds were employed.

Inoculation of curd with agar slope cultures

The effect of inooulation of curd with the spores from agar
slopes on ‘the mold develoyment in blue cheese was studied with 17
Penicillium. Culbures were grown on Czapek's solution egar slopes in
large test tubes (25 mme in diameter x 200 mm, in length). After 10
days at 21° C., aqueous suspensions of the mold spores were prepared by
flooding the slopes with sterile water and scraping the spores from the
surfaces by means of an inoculating needle. When the ocurd had drsined
sufficiently on the dralning cloth, it was sprinkled with a freshly
prepared spore suspension; distribution of the spores was attained by
thoroughly mixing the mass whlle the mold suspension vas being added.
After 8 wesks ripening each oheese was examined with respect to pre-
dominant mold types. A sample for plating was obtained from a wedge
out from the cheese. The cut surface was soraped with a sterile
spatula and from different parts of the new surface smsll portions of
cheese containing mold growth were collected and placed in a sterile
water blank which contained 0,1 per cent sodium citrate. After the
cheese had been thoroughly emulsified by triturating with a sterile
glass rod, a loopful of the emulsion wes transferred to a test tube
vhich contained approximately 15 ml. melted agar at L45° C. The tube
wes rolled between the hands to obtain uniform distribution of the

inoculant throughout the medium, after which the mixture was poured
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into n petri dish, The plates were lncubated at room tempersburae,

“hon ths newly forned molds becamo visible, repreventative colonies
were plekod from difforent parts of the plate to agar slopos. TFach
culture was subsequently reisolstecd twice to Imsure its purity. A
wide field, low powor binoculaer faciliteted the selection of individual
mold colonies for successive isclations. The isclated culbtures wers
compared with those used in the orlzlnal cheese inoculetious, When the
cultures isoleted from the chessc were not identicel with ths inocu-
leted cultures but still wore recognized as typical strains of

P, roqueforti, they were regasrded as contawnlnants. The results are

Jiven in table XVII.

The inoculation of curd with spores from agar slopes was
urreliable in ostablishing the culturee in cheese. In a totsl of L
checsec the inoeulated rolds were predominant in 15, present in 2 and
absent in 29 after a ripeniny pericd of 8 weeks. Cultures 1, 6, 11, 13
and 15 werc predominant in two of throe inoculations; culture 1l vms
predominant in the one chesse 1n whioh it vms used; cultures 12, 21 and
23 wore prosent in one of three inoculations; culture 18 vms proesent in
ona of two inoculations; and cultures 3, 8, 9, 10, 16 and 20 were
ahsent in 2ll trials (according to the techniquo used),

Although no eattempt was made to identify the contaminating
rnold cultures isolated from the cheese, observations indicated striking

similarity of somo of the culbures to P, roqueforti, whereas others did

not belong to this group of penicillia, as indicated by their morpho-

logical characteristics. Various types of contaminating molds were
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TABLE XVII

EFFECT OF INOCULATION OF CURD WITH AGAR SLOPE CULTURES
ON MOLD DEVELOPMENT IN BLUE CHEESE

Ripened 8 weeks

Types of molds developed in ripened cheese

Culture Inoou= Contamim=
NOe Trial 1lated nating Remarks on contaminating molds
no. molds molds in cheese
were were
1 Absent Preds* Appeared like typical Ps roqueforti
1 L  Pred. Abgent
6 Pred. Absent
1 Absent Pred. Appeared like typical P. roqueforti
3 li Avbsent Pred.  Appeared like typioal P, roqueforti

1l Absent Pred, Two types; one typlical FP. roquetfortij
one strong moldy odor, restricted
growth, drops on surface

5 L  Present Pred. Strong moldy odor, restricted growth,
drope on surface

6 Prede Absent

1 Absent  Pred, Two typess omne typleal P. roquefortis
one strong moldy odor, restricted

6 growth, drops on surfece
Pred. Present Strong moldy odor, restricted growth,
drops on surface

6 Pred, Absent -

1 Absent Pred. Two types3 one typlcal P. roquefortis
one strong moldy odor, restricted
growth, drops on surface

8 4  Absent Pred, Two types; one typical P, roquefortis
one strong moldy odor, restrioted
growth, drops on surface

6 Absent Pred. Typioal P, roqueforti type

1 Absent Pred, Strong moldy odor, restrioted growth,
drops on surface

ly Absent Pred, Strong moldy odor, restricted growth,

2 drops on surface
6 Absent Pred, Strong moldy odor, restricted growth,

drops on surface

Table continued on page 107.
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10

11

12

13

15

16

18

2l

23

Absent
Absent
Absent
Absent
Pred.

Pred.

Absent

Absent
Pred,

VWO & = O00 & =

Absent
Pred.
- Pred,
Pred,
Absent
Pred,
Pred.
Absent

Absent
Absent
Prode.

Absent
Absent
Absont

Absent
Absent

Pred,
Absent
Present

U WOW WD Ul Wbl W W PDUuWwWPpuUIWwWD

Absent

Prod.
Preds
Pred,
Pred.
Present

Absent
Pred.
Pred,
Present

Pred,
Absent
Absent
Absent
Pred.
Absent
Absent
Prede.

Pred.
Pred.
Absent
Proed.
Pred.
Preod.

Prod.
Prod,

Absent
Pred,
Pred,

Pred,

Strong moldy odor, restricted growth,
drops on surface
Strong moldy odor, restricted growth,
drops on surface
Strong moldy odor, restricted growth,
drops on surface
Strong moldy odor, restricted growth,
drops on surflace

Two typess
one strong

Typical P,

one typical P,

roquefortis

moldy odor

roqueforti

Typical P,

roquelortl

Twio types;
one strong
Typlical P,

one typical P,

roqueforti;

moldy odor
roquaforti

Typlical P.

roqueforti

Two typess
one strong
Two typess
one strong

Two types;
one strong

Typleal P,

one typioal P.

roqueforti;

moldy odor
one typloal F,

roquefortis

moldy odor
one typical P,

roqueforti;

moldy odor

roqueforsl

Two typess
one strong
Two types;
one strong
Typical P.

one tLypical P.

roquefortis

moldy odor
one typical P.

roqueforti;

moldy odor
roqueforti

Strong moldy odor, restriocted growth,
drops on surface

Typical P,

roqueforti

Strong moldy odor, restricted growth,
drops on surface
Strong moldy odor, restricted growth,
drops on surface

*Pred. means predominant,
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noted but the most prevalent was a Penicillium which formed a colony with
e. compact base, restricted margin, and possessed a strong moldy odor; this,
or apparently rolated types, had drops of transpired fluid on the surface
of the colonies, which ranged from colorless to faint violet shades,

From the data presented in table XVII it is evident that
the inoculation of curd with spores from sgar slopes was unrsliable in
ostablishing the cultures in blue choese, The inooculated culturss were
absent acoording to the technique used in a majority of the cheese after

8 weeks ripeming.

Inoculation of curd with agar plate cultures

The offect of lnoculatlon of the curd with spore suspensions
from agar plate ocultures of certain penicillia on the molds developing in
blue cheese was studied with 19 ocultures, With the exception that the
ocultures were grovn on ager plates, the general method was similar to that
used with the agar slope cultures already disoussed. The results after
16 woeks are presented in table XVIII.

The deta show that the inoculation of curd with spores from
agar plate cultures of penicillia was unreliable in ths establishment
of inoculated mold in the cheese. From a total of 31 cheese, the
inoculated penieillia were predominant in seven, present in five and
absent in 19 after a ripening period of 16 weeks. Cultures 1l and 10
were prodominant in all cheese inoculated with them; oculture 6 was
predominant in only one of three inoculations; cultures 7, 8 end 15

~ wore each predominent in one and sbsent in one cheese; culture 25



TABLE XVIII

EFFECT OF INOCULATION OF CURD WITH SPORES FROM AGAR PLATE CULTURES
ON MOLD DEVELOPMENT IN BLUE CHEESE

Ripened 16 weeks

Types of molds developed in ripened cheese

Culture Inocu~ Contamie-
N0 Trial lated nating Remarks on contaminating molds
nos molds molds in cheese
were were
1 7 Pred, Absent

10 Prede Absent

7 Abgent Pred. Appeared like typical P, roqueforti
5 8 Absent Pred, Two types; one typical P. roquefortis

one atypical Penloillium

T Absent Pred, Appenred like typiocal P, roqueforti
6 8  Pred. Present Appeared like typical P, roqueforti
10 Absent Pred. Appeared like typical P, roqueforti
7 Absent Pred. Appeared llke typical P, roqueforti
7 8  Pred. Present Appeared like typical P, rogueforti
8 8 Pred, Absent
10 Absent Pred. Appeared like typical P, roqueforti
9 10 Absent Pred, Strong, moldy codor, colony restricted
in growth, drops on surface
10 10 Prad, Presant On Czapsk's solution agar, white,

broadly spreading Penicillium

11 1 Absent Pred, Appeared like typical P, roqueforti
12 Absent Pred,  Appeared like typiocal P, rogueforti

13 Absent Pred. Strong, moldy odor, colony restricted
in growth, drops on surface

0
7
9
1l 7 Absent Pred. Appeared like typleal P. roqueforti
8
7
9
7

Absent Pred. Appeared like typical P, roqueforti

Absent Pred. Appeared like typical F., roqueforti

15 Prod. Absent

16 Absent Prede Appeared like typioal P, roqueforti
9

- Absent Pred, Aggeared like mioal Pe roget‘or‘ﬁi

Table continued on page 110.
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18
20
2l
22

2l

25

S\OCD \O @\O0 O\0\D

Abgent
Absent
Present
Present
Present
Absent

Present
Preosent
Absent

Predo
Predo
Presant
Present
Preosent
Pred,

Present
Present
Pred.

Appeared like typleal P, rogueforti
Appeared like typieal P, rogueforti
Appeared like typical P, rogueforti
Three types of peniocillia isolated
Appeared like btypical P. roqueforti
Two distinet species of penicillia
isoleted

Appeared like typical P. roqueforti
Appeared like typlieal P. roqueforti
Appearad like typical P, rogqueforti
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wag present in two ocheeso and absent in one; cultures 21 end 22 were
present in all cheese inooulated with them; and cultures 5, 9, 11, 12,
13, 14, 16, 18 and 20 were absent according to the technique used in
all cheese inooculated with them,

From the data presented in teble XVIII it is evidemt that
the inoculation of curd with spores from agar plate cultures of peni=-
cillia was unreliable in establishing the inoculated mold 1n cheese.
The inoculated cultures were absent in most of the cheese after 16

weeks ripening.

Inoculation of curd with dry bread cultures

The effect of inoculation of curd with dry bread cultures
of certein penicillia on tho molds developing in blue cheocse was
studied with 12 cultures in 2l trials. The mold powder was prepared
and inoculations were made in accordance with the procsdure described
under general methods., Table XIX presents the results.

Inooulation of the curd with bread ocultures of certain
penicillia was offective in implantation of the molds in blue cheese,
as shown by the types of molds present in the cheese after a ripening
period of 8 wooks. In the 2 cheess the inosulated cultures were pro=-
dominant in all instances. In 17 cheese only the predominant penie
cillia were found, while in 7 contaminating types of penicillia were
noted. The contaminating molds produced strong moldy odors and the
colonies on Czapek's solution agar were restricted in growth, szonate

and drops of transpired fluid formed on thelr surfaces.
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TABLE XIX

EFFECT OF IHOCULATIONW OF CURD WITH BREAD MOLD CULTURES
ON MOLD DEVELOPENT IN BLUE CHEESE

Ripened 8 weeks

Types of molds developed in ripened cheesse

Culture Inocu~ Contamie
no, Trial lated nating Remarks on contaminating molds
no. molds molds in cheese
vIere wore
11 Pred, Absent
> 12 Pred. Absent
11 Pred, Absent
6 12 Pred, Absent
11 Prede. Absent
8 12 Pred. Absent
11 Pred. Present Atyplcal Penieillium, colony on
Czapek's solution agar, white, brondly
2 spreading
12 Pred. Absent
11 Pred. Absent
U 12 Pred, Present Strong, moldy odor, solony restricted,
zonate, drops abundant
11 Pred, Absent
15 12 Pred. Present 8trong, moldy odor, colony restricted,
zonate drops sbundant
11 Pred. Absent
16 12 Pred. Present Strong, moldy odor, colony reetricted,
. gzonate, drops abundant
11 Pred, Present
25 12 Pred, Present Strong, moldy odor, colony restrioted,
gonate, drops abundant
11 Pred, Absent
26 12 Preod, Present Strong, moldy odor, colony restricted,
zonate, drops abundant
6 1l Pred. Absent
26b 12 Pred, Abgent
on Pred, Absent
27 © 12 preds  Absent
I 11 Preds  Absent
12 Pred, Absent
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The data given in table XIX show that when the curd was
inoculated with bread mold oultures, the penicillia were successfully

established in the cheese, the inoculated molds being predominant in

the ripened cheese in all instances.

Growth of Certein Penicillia in Chesse During Ripening

Vnen the cheese considered under table XIX had been scored
the second time, freshly cut surfeces of a number of them wers photoe
* graphed to demonstrate the extent of mold growth with certain inocue

lated strains of penicillia. The results are presented in figures 9
to 16.

Effeot of Lipolytic and Proteolytlc Activities of Various

Peniolllia on Ripening of Blue Cheese

In studylng the effect of the lipolytic and proteolytioc
activities on the ripening of blue cheese, only those choese were con=
sidered in which the inoculated molds predominated after ripening.

The penicillim were classified on the basis of their general lipolytie
aotivities into slightly, moderately and pronounced lipolytic molds,

as tested on agar plates which conteined dispersed natural fats or
simple triglycerides., A simllar classification of the penlicillia was
made on the basis of their proteolytic scotivlities into slightly,
moderately and promounced proteolytic molds, the proteolytic activities

of the cultures being determined with the carbon dioxide technique.



FIGURE 9.

FIGURE 10.

BLUE CHEESE RIFENED BY CULTURE 5 SHOWING GOOD MOLD GROWTH

BLUE CHEESE RIPENED BY CULTURE 6 SHOWING GOOD MOLD GROWTH
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FIGURE 11, BLUE CHEESE RIPENED WITH CULTURE 9 SHOWING GOOD MOLD GROVTH

FIGURE 12, BLUE CHEESE RIPENED WITH CULTURE 1l SHOWING GOOD MOLD GROWTH



116

FIGURE 13, BLUE CHEESE RIPENED BY CULTURE 15 SHOWING GOOD MOLD GROWTH

FIGURE 14. BLUE CHEESE RIPENED BY CULTURE 16 SHOWING POOR iOLD GROWTH
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FIGURE 15, BLUE CHEESE RIPENED BY CULTURE 25 SHOWING GOOD MOLD GROWTH

FIGURE 16, BLUE CHEESE RIPENED BY CULTURE 27 SHOWING FAIR MOLD GROWIH
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In some trials no moderately proteolytic cultures were used in pro-
paring the cheese.

The effect of the lipolytlc and proteolytic activities of
various peniocillis on thoe ripening of blue cheese was studied in three
groups of trials. In the first group, 18 cheese inoculated with the
spores of 1l culturas from agar slopes were éxamined after B and 12
woeks; in the second group 16 cheese inoculated with the spores of 11
cultures from agar plates were inspected after 16 and L8 weeks; while
in the third group 2l cheese inoculated with 12 bread oultures were

inspected after 8 and 18 weeks, The results are presented in table XX.

Cheese inoculated with agar slope cultures end inspeoted efter 8 and

12 weeks

After B weeks the elght cheese inoculated with penicillia
which were slightly lipolytic and proteolytic showed good mold growth
in three instances, fair in three and poor in ﬁwo; three cheess inoocue
lated with cultures that were moderately lipolytic and pronounced pro=
teolytic showed good growth in two instances, fair in none and poor
in one; while seven cheess inoculated with pronounced lipolytic and
proteolytic molds exhibited good growth in five instances, fair in two
and poor in none., Cheese ripened with slightly lipolytic and proteo=
lytic penicillia showed better flavor development then those ripened by
the more active molds. Flavor development in eight cheese ripemed with
the former penicillia was good in three casaes, fair in one and poor in

four; three oheese ripened by molds which were moderately lipolytic
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TABLE XX

EFFECT OF LIPOLYTIC AND PROTEOLYTI¢ ACTIVITIES OF VARIOUS
ON THE RIPENING OF BLUE CHEESE

Proteo= Hold
Culture Identifiocation Lipolytic lytie Cheese growth Remarks on
noe of culture aotivity activity lot in of cheet
of culture of oculture Nn0e cheaso _
a. Results, cheese inoculated with agar eslope oculture
I : 8 weeks
od Failr, bitter
1 P+ roqueforti Moderate Pronounoced 68 Good FPoor, bitter
P, roqueforti Pronounced Pronounced g’g ggzg g:i:: z:g :i:::
. itt
6 P+ roqueforti Pronounced Pronounced & gggﬁ ;z::: 1;;»;;::' v
11 P, gorgonzola Slight Slight g g::: g’;i:: ‘;g:;znt od
3a Poor Good, slightly u
12 P. gorgonzola, Biourge Slight Slight 5% l;‘ozr Poor; musty .
elr Poor, very uncle
13 P. gorgongola type Slight Slight gb Good Poor: vergr wnole
1 P. stilton, Biourge Slight Slight S5¢ Good Good
15 P. roqueforti, Thom Pronounced Pronounced gg g::i: g:i':: :2:;63312
18 P. chrysogemm Moderate Pronounced Se Poor Poor, bitter, um
21 Fo roquelorty Pronounced Pronounced 5e Good Poor, fermented,
23 Uﬂaen%Iﬁea Penicillium Slight Slight 38 Fair Good, slightly m
be Results, cheese inoculated with agar plate oculture i
_ 16 weeks
1. P. roqueforti Moderate Pronouncsd 13: g::: f;:i:: é:::ﬁ’ bit
: it
5 Pe. roqueforti Pronounced Pronscunced Q ggzg g:i:‘ green, b
6 P+ roqueforti Pronounced Pronognoed gg ggg: ;:i:.{ green
7 P._roqueforti 8light Pronounced gg I;::; g:::'% {ruity, w
8 P. roqueforti Pronounced Pronounced 8d Fair Good
10 Pe Toquefortl Moderate  Moderate 10¢ Fair Fair, green
15 Lo roq__ueforhi » Thom Pronounced Pronounced 9b Poor Poor, green, bif
21 FPo roquerlo Pronounced Pronounced 8¢ Fair Poor, unclean, !
22 P, roqueiorti Slight Slight 9f Poor Fair, green
2l F.""me-oque 3 Slight Slight 8g Fair Fair
25 P+ roqueforti Pronounced Pronounced g; w green

Table continued on page 120.






TABLE XX

AND PROTEOLYTIC ACTIVITIES OF VARLOUS PENICILLIA
{ THE RIPENING OF BLUE CHEESE

- Hold Mold
) Cheese growth Remarks on flavor growth Remarks on f{lavor
n'g lot in of choese in of cheese
Ure Nnoe ohoage , oheese
3 Inoculated with agar slope oulture technique after;
: 8 weoks 12 weeks
1ced La Sood rair, bitter tood TFelr, butyric
6e Good Poor, bitter Good TFair, green
Joed Lo Good Fair, very bitter Good  Qood
6o Good Poor, very bitter Good Fair, unclean
d ha Good Poor, bitter, wanatural Good Good
108 64 Good Feir, bitter Fair Fair, green
h s Good Fair, musty Good Fair, musty
éh Fair Poor, fermented Fair Poor, very musty
3a Poor Good, slightly unolean Poor  Poor, musty
S5a Poor Poor,; musty Poor  Poor, musty
3b Fair Poor, very unclean, umiatural Good Good
5b Good Poor, very unclean Fair Falr
S5e¢ Good Good - Good Good, butyric
rced 30 Fair Falr, unclean, high flavor Feir Good
54 Fair Poor, very unclean Fair  Poor
aced Se Poor Poor, bitter, wmatural Poor [Fair
1ced 5 Good Poor, fermented, bitter Good  Good
28, Fair Good, slightly musty Fair Fair, slightly unclean
» inoculated with agar plate ounlture technique after;
16 weeks L8 weeks
7a ~ Good Fair, green, bitter Good  Fair, musty, raw
190d  10s  Fair Fair, green Good Very good
a (L] Good Falr, green, bitter Good Good, suggestion of butyric
1ce 8a Poor Fair Good Good, slightly fruity
od To Paor Fair . Good  Good
10 &b Poor Fair, green Fair Good
74 Poor Poor, fruity, unclesn Good  Good
0ed 8e Fair Fair good IJalr, frully
1ced 8d Fair Good Good Fair
te 10¢ Fair Fair, green Good Cood
1ced 9b Poor Poor, green, bitter Good Fair, raw, bitter, musty
1ced 8¢ Fair Poor, uncleen, bitter Good Very poor, raw, butyric
or Poor Fair, green Good Falr
8g Fair Felr good  Poor, frulty
rced &h Good Good Good  Good

Sh . _Good Fajlr, green Good Very good
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26b

27

P

roqueforti

P,

rogusforti

Pe

roqueforti

Pe

roquefortl

P. roqueforti, Thom

P. stilton, Biourge

Ps

gorgonzola

Pe

roqueforti

Pe

roqueforti

Pe

roqueforti

Pa

roqueforti

Pe

roqueforti

cs Results, cheese inoculated with bread cu lture technic

Proxounced
Pronounced
Pronounced
Pronounced
Slight
Pronounced
Slight
Pronounced
Slight
81ight
Slight

Pronounced

Proxounced
Pronounced
Pronounced
Pronounced
Slight

Pronounced

Slight
Pronounced
Slight
Slight
Slight

Pronounced

1-1
1-2
2-1
22
Zml
Ful
Ly=1
L2
5=1
G2
6=1
b=2
7-1
7-2
8-1
8-2
g=1
9w

10~1

10-2

11-1

11-2

12-1

12-2

8 weeks

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Poor
Poor
Falr
Good
Fair
Good
Poor
Good
Poor
Good
Fair
Good

Good

Good

Good

Fair, biltter, but;
Good

Feir

Very good

Fair, musty, buty
Falr

Fair, musty

Good

Falr, musty

Very poor

Feir, alightly mw
Good

Pair, musty, gree
Fair, musty, slig
Good

Poor, wery tutyri
Good

Poor, very butyri
Good

Goad

Gaod







¢ lnooculated with bread cu Iture techniquo after

ced

ced

cod

sed

ced

ced

3ed

1-1
1-2
2-1
22
31
Fu2
L=
L2
Gel
G2
61
6-2
7=1
7-2
B8~1
8-2
gel
9
10~1
10-2
11-1
112
12-1
12-2

8 weeks

18 weeks

Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Poor
Poor
Fair
Good
Fair
Good
Poor
Good
Poor
Good
Fair
Good

Good
Good
Good
Fair,
Good
Fair
Veory
Falr,
Falr
Feir,
Good
Falr,

bitter, butyrie
good

muety, butyric
nusty

musty

Very poor

Fair,
Good
Feir,
Falr,
Good
Poor,
Good
Poor,
Good
Good
Gaod

alightly muety

musty, green, bitter
muaty, slightly bitter

very bubyric

very butyrilc

Good
Good
Good
Good
Good
Good
Good
Good
Good
Poor
Good
Good
Poor
Good
Good
Good
Good
Good
Good
Good
Good
Pair
Good
Good

Fair, slightly butyric
Good

Good, slightly butyriec
Good

Fair, musty

Falr

Palr, slightly butyrie
Fair

Good

Fair

Poor, butyric

Poor, butyrlc, musty
Fair

Falr

Good

Good

Fair, slightly butyric
Fair

Pair

Fair, musty

Falr

Pair, slightly musty
Good

Good
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and pronounced proteolytic exhibited good flavor developmont in none of
the trials; while the flavor was fair in one and poor in two; seven
chesse ripened by pronounced lipolytic and proteolytic molds showed
good flavor development in none of the trials, fair in three and poor in
fours

Nine cheese in the group were inoculated with five cultures

of P, roquefortl and these showed good mold development in seven instance-

a3, fair in two and poor in none; one cheese inoculated with

P, chrysogenum showed poor growths six cheese inoculated with three cule

tures of P, morgonzola exhibited good growth in two instonces, fair in

two and poor in two instences; one cheese ripened by P. stilton showod
good growths and one cheese inoculated with an unidentified Penicillium

showed fair mold development. The cheese ripemed by P, roqueforti -

showed good flavor development in none, fair in five and poor in five;

one cheese ripened by P, chrysogenum showsd poor flavor development;

six cheese ripened by P, gorgonzola possessed good flavor in one, fair
in one and poor in four; one cheese ripened by P. stilton showed good
flavor development; and one cheese ripened with en unidemtified
Penicillium showed good flavor development,

After a ripening period of 12 weeks the mold growbth in
eight cheese inoculated with slightly lipolytic and proteolytic ponie
cillia was good in three instances, fair in one and poor in four; three
cheese inooculated with cultures which were moderately lipolytic and
pronounced proteolytic exhibited good mold growth in two instances, fair

in none and poor in ones when pronounced lipolytic end proteolytic
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penicillia were inoculated, tho cheese showed good mold growth in four
instances, fair in threc and poor in none., Flavor development in the
c¢hosgo riponed by ‘the promouncod lipolytic and proteolytic evd the
moderately lipolytic and pronounced proteolytic penlicillia was better
than in cheese ripened with slightly lipolytic and proteolytlc penie-
cillia, The flavor developmont in eight cheese ripened by slightly
lipolytic and proteolytic penioeillin wns good in two instances, fair in
three and poor in three; all three cheese ripened by cultures which ware
moderately lipolytic and pronounced proteolytic showed fair flavor
dovelopment; while cheese ripened with pronounced lipolytlec and proteo-
lytic molds were good in four cases, fair in two and poor in one
instence,.

0f the nine cheese inoculated with Pe roqueforti, six

showed good growth and three exhibited fair growth; one cheese inocu=-

lated with P, chrysogenum showed poor growth; two of the six cheese

inoculated with P, gorgonzola showed good growth, two exhibited feir

growth and two showed poor growbth; one cheese inoculated with
P, stilton showed good growthsy and one cheese inoculated with an unle
dentified Penicillium exhibited fair growth. The cheese ripened with

P, rogueforti showod good flavor development in four instances, fair

in four and poor in onej; ono cheese ripensd with P. chrysogenun showed

fair flavor; six cheese ripened by P. gorgonzolea exhibited good flavor

development in one, fair in two and poor in thres; one cheese ripened
by a culture of P, stilton showed good flavor; while one cheese ripened

by an unidentified Penicillium showed fair {lavor development.
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Shoese inooulatod with agar plate cultures and inspected aftor 16 and

143 woels

After 16 weeks ripening the mold growth was fair in one and
poor in one of the two cheese ripened by slightly lipolytic and proteo=
lytic penicillia; one cheese inooculated with e moderately lipolytic and
proteolytic culture showed fair growth; two cheese inoculated with a
culture which was slightly lipolybic and proteolytic exhibited fair
growth in one and poor in ones three cheese inoculated with a culture
that was moderately lipolytic and pronocunced proteolytic showed good
growth in two and poor in onej while nine cheesse lnoculated with pro=
nounced lipolytic and proteolytic penielllia exhibited good growth in
three, fair in two and poor in four. Cheese ripened with pronounced
lipolytic and proteolytic penicillia showed somewhat better flavor
development after 16 weeks ripening then those ripened with the less
acbive molds. Two cheese ripened with slightly lipolytic and proteow
lytic penicillia showed fair flavor development; one cheese ripened
with a moderately lipolytic and proteolytic mold had a fair flavor; of
two cheese ripsned by slightly lipolytic and proteclytic ocultures one
showed falr and one poor flavor development; three cheese ripened by
a moderately lipolytic and pronounced proteclytic mold showed fair
flavor development in one and poor in two; while nine ohesse ripened
with pronounced lipolytic and proteolytlec oultures exhibited good
flavor development in two, fair in five and poor in two instanoces.

The cheese were sll inoculated with oultures of
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>, roguoeforti. 93f tho 16 choese in tho group, four showed good mold

growth, six fair and six poor. Thoe flavor of the cheose was good in
two instances, falr in 1l and in ‘three it was poor.

After 4B weeks ripening two choese inoculated with slightly
lipolytic and proteolytic penicillia showod good mold growth; one
checse inoculated with a moderatsly lipolytic and proteolytic culiure
showod good growth; two chewuse inoculated with a slightly lipolytic end
pronounced proteclytic mold exhibited good growthi thres cheese inoocu=
leted with molds which were modorately lipolytic and pronounced proteow
lytic showed good growth; and nine cheese inoculeted with pronounced
lipolytic and proteolytic penicillia showed good growth in eight, fair
in one and poor in none.

The flavor of chevse ripened with pronounced lipolytic and
proteolytlic penicillia was usually better then that of cheese ripened
vith the less active molds, Two cheose ripened by slightly lipolytic
and proteclytic penlicillia showed good flavor development in none, fair
in one and poor in one; one cheese ripensd by a moderately lipolytioc
and proteolytic culture possessed a good flavor; two cheese ripened
with & slightly lipolytic and pronounced proteolytic mold showed good
flavor in one and falr in one; two cheess inoculated with a moderately
lipolytic and pronounced proteolytic culturs showed good flavor in one
and fair in one; while nins chesse ripened by pronounced lipolytic and
proteolytic penicillin exhibited good flavor development in six cases,
foir in two and pcor in one instance.

0f the 16 cheese inoculated with 11 culbtures of
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o roquofortl, 19 shoared gouod and ons falr growtlhi,. Yhu Llavor wias

zood in nine, fair in five and poor iu two cheese.

Cheege inooulated with dry broad mold culturss and lnspscted af'ter 8

_a_{zg_ 13 weoks

After 3 woeks cheese inoculated with slightly lipolytic end
proteolytic penicillia usually showed poorer mold growth than ‘those
inooulatod with pronounced lipolytic and proteolytlc wolds. Mold
growth in 10 cheese ripened wilh slightly lipolytiu end proteolytio
peulcillin vas good iu five instences, Lfalr in ome wnd poor in four
casvs; 1l cheese inooulated with pronounced lipolytic and proteolytio
peniclllia showed good zrowth in 12 cases, fair in two snd poor in
none. Chesese ripened by slightly lipolytioe and proteolytic peuicillia
showod loss satlofactory flavor developwent than those ripened with
pronounced lipolybic and proteolytic molds. Flavor development in
cheesoe ripened by slightly lipolytic und proteclytic penieilliu was
good in throe cases, fair in four and poor in three; cheese ripened by
promnounced lipolytic and protovolytic peniclllia showed good I[lavor
developmant in nine instances, fair in flve and poor in none.

Twenty cheese in the group were iunooculeted with 10 cultures

of P, roquofortis of theso 16 showed good, two falr and two poor mold

growth) ‘wo chesse inoculated with P. gorgonzola showed poor growthj

while btwo cheese inoculated with P’y stilton exhibited fair growth. The

flavor development 1n cheese ripened with Pe rogueforti was good in 17

ingtances, fair in six and poor in two; two oheese ripened with
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P. gorgonzola showed fair flavor in one and poor in one instance; while

two cheese ripened with Pe stilton exhibited feir flavor development.

After 18 weeks ripening cheese inooculated with pronounced
lipolytic and proteolytic penioillia usually showed better mold growth
than those ripened with slightly llpolytio and proteolytic molds. The
1Ly cheese inoculated with pronounced lipolytic and proteolytic peni-
cillia showed good mold growth in 13 instances, fair in one and poor in
nones whereas 10 cheese inooculated with slightly lipolytic and proteo=
lytic cultures exhibited good growth in seven instances, fair in one
and poor in two, Chesse ripened with pronounced lipolytio and proteo=
lytic peniocillie generally showed better flavor development than those
ripened by the less active molds, The flavor of cheese ripened by the
pronounced lipolytic and pronounced proteclytic penicillis was good in
saven ocases, fair in five and poor in two; while the flavor of cheese
ripened by slightly lipolytic cultures was good in one end fair in nine
instances. Culture 15, a pronouneed lipolytie end proteolytic culture,
ves used in both instences when the ripened cheese possessed a poor
flavor, which was described as being butyric and musty.

The 20 cheess inoculated with 10 cultures of P, roqueforti

showed good mold development in 19 instances and feir growth in onej

two cheese inoculated with a culture of P. gorgonzola exhibited good

mold growth; while two cheese inoculated with P, stilton showed good
growth in one and poor in one case. Flavor development in cheese

ripened with P. roqueforti wes good in seven, fair in 11 and poor in

two instances; the flavor of two cheese ripsned by P. gorgonzole was
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fair; while the flavor of two cheese riponed with P. stilton was good
in one instance and fair in one.

From the date presented in table XX it is evident that the
lipolytic end proteolytic activitios of varlous penicillie had a
general offect on the ripenlag of bluo cheese, as shown by the flavor
developed in the cheese during ripening. Cheese ripened with pro-
nounced lipolytic and proteolytic penicillie generally showed better
mold growth and ripened earlier with the development of & good flavor
‘than those ripened with the less actlve molds. During tho early stuges
the cheess ripened by the pronounced lipolytio snd proteolytic peni=-
cillia usually possessed bitter and green flavors, but these tended to
disappear and good flavor usuelly resuléed. Choese ripened with the
slightly lipolytic and proteolytic peniocillie frequently showed poor
mold growth and flavor development. However, the results werse not
elways conslstent since in a few instances certain pronounced lipolytic
and proteolytic penicillia resulted in cheese with poor flavors

It is also evident that there was marked variation in the
flavor of cheese ripened by different strains of pemicillie. Cheese

ripened by cultures of P. roqueforti usually showed good mold growth

but not always good flavor development, some cheese were fair end
others were of poor flavors. Cheese ripened by & culture of

P, chrysogenum resulted in poor growth and flavor; ocheese ripened with

P, gorgonzola showed from good to poor growth and usually from fair to

poor flavori one oulture of P. stilton usually produced good growth and

from good to fair flavor in the cheess; and one culture of an
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unidentified Penicillium resulted in fair growth and flavore



129

DISCUSSION

The greatsr percepbibility of lipolysie of butterfat and
cottonseed oil by certain penicillia with tho nile blue sulfate ‘than
with the natural fat technique was apparently due to the intense color
imparted to the fat by the nile blue aulfate which gave o sharp cone
trast between the unhydrolyzed and the hydrolyzed fat. Although the
natural fat teclnique resulted in larger mold colonies, duc to the
toxic action of nile blue sulfabte, the uncolored fat globules
(unhydrolyzed and hydrolyzed) were relatively inconspicuous ageinst the
variously colored background of bthe culture growth. Only the pro-
nounced lipolytic molds gave results whilch were sufficlently conspicu~-
ous so ‘that definite measurement of the extent of lipolysis could be
made, whereas some of the moderately and all of the sligatly lipolytic
cultures showed negative lipolytic activities with the natural fat
techniques Culture 1 was typical with regard to this characteristio;
it vas moderately lipolytic wlth nile blue sulfate but nonlipolytic
with the natural fat technlque,.

The modified nile blue sulfate technique would be expected
to give more conmspicuous results than the natural fat technique in
detecting lipolytlic activities of the peniocillia. The flooding pro=-
cedure facilitated the examinatlion of fat globules under the central
pert of the colony. The dye (1 part nile blue sulfate to 1000 parts

50 per cent alecoholiv solution) also stained the fet globules



iatensely; ‘this facilitated the exemination of them for evidence of
lipolysis,

Although varied conceatrations of butbterfat or cotbonsesd
omulsions in the media had no approcisble effect on the lipolytie
cetivities of various ponicillia, wiform dispersions were essential
for evaluating tho differcent culbures; cultures which showed uniform
lipolysis with the usual fat dispersions gave nomumiform lipolysis when
excesslvo concentrations of fat wero employed in the nedle,

The rolatively counspicuous proteolysis obtained with
certain poenicillia cultures on Czapek?s solubticn milk agar at 28° C.,
a3 compared with Inconspicuous results at lower Lemperatures, wes due
primerily to greatver enzyme activity at tho higher temperaturs. TVhile
active proteolysis lilkely occurrsd at 20° C., it did not progress es
rapidly as the culture growth and the proteolyzed srea was obscured by
the colonies. The slow growth of the molds at 28° C., as compared with
20° C,, showed that the optimum growth temperature had boen exceeded,

Tha.carbcn dioxido technique for determining the proteos
lytic activitios of cortain penicillia consistently gzave the more
satlsfactory results when compared with the acidified milk agar prow
cedures In some instances certain cultures showsd ouly slight proteo~
lysis of skim milk with the acidified milk agar technigue, while they
were pronounced proteolytic with the cerbon dioxide procadure.

The fallure o obtain evidenco of proteolysis on beol ine
fusion milk egar guggests thet the good supply of nitrogenous nutrionts

with boef infusion makes the hydrolysis of casein less nscessary.
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Whether the cultures were incubated in the alr or in an atmosphere cone
sisting almost entirely of carbon dioxide, unsatisfaotory results were
obtaineds Sinoce the cultures did not grow as rapidly on beef infusion
as on Czapek's agar, the difficulty apparently can not be attributed to
the colony growth obsouring the proteolyzed area.

It is evident that relatively wide differences existed in
the lipolytic aotivities of various culturess Since the penicillia
have been olassified mainly on the basis of their morphological charace
teristics, physiologloal variations among different cultures of a
species would be expectoed. Consequently, it was not surprising thet

cultures of P. roqueforti obtained from different sources veried with

respect to thelr lipolytic activities. Although striking similarities
in the lipolytic activltles were exhibited by some cultures, none
showed identical remctlons. In general, cultures which were moderately
and pronounced lipolytic on butterfat and cottonseed oil showed

similar reactions on the different triglycerides. Certain penicillia
which were negatively lipolytic on butterfat and cottonseed oil were
proncunced lipolytic on some of the lower, readily hydrolyzable trie
glycerides, However, thelr lipolytic sotivities deoreased rapidly as
the molecular weights of the triglycerides increased.

It was of interest to note the variation in the apparent
toxicity of different triglycerides toward various penieillia. It
seemed probable that this effect was not due to the triglycerides but
rather to the aoids set free bj theme In general the lower tri-
glyocerides exhibited the greatest toxioc effect on the molds but in
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certain instences some of the higher triglycerides exerted marked toxioe
influence. However, all of the molds did not react similarly toward
the triglycerides, While the growth of some ocultures was markedly ine-
hibited, others showed normal development,

Inspeotion of individual butterfat and cottonseed oil
globules suggested that many (especially with certain cultures) had
undergone some lipolysls without the accompenying change in color from
pink to blue with the nile blus sulfate technique. The globules were
surrounded by a tenacious pellicle and they ranged in color from peach
red to purple, The failure of fat globules to show the characteristic
color change may have been due to a dissipation of the oxazine form of
the nile blue sulfate ﬁy the mold mycelium since examiﬁation of the
medium underneath the colonies showed it was practicclly devoid of
colors The dissipation of color from the medium became more pronounced
as the cultures ageds In view of these observations it seemed advis~
able, "in the study of the lipolytlic activities of various penicillia on
butterfet end cottonseed oil, to carefully inspect individual fat
globules for minor color changes and also for the pressnce of a
pellicle,

The disappearance of some of the lower triglycerides upon
lipolysis by the penicillie was primarily due to the solubility of the
lower fatty aoids and glycerol in the medium. The solubility of the
fatty aclds deoreases with increased molecular weight and this is re~
flected in the comparatively slow disappearance of some of the

globules,



It is evident that the lipolytic activities of warious
penicillia are affected to a marked degree by certain gases. The de=
creased lipolytlic activities of the cultures inocubated in an atmosphere
whioch consisted of 3 parts of air and 1 part of carbon dioxide, as comw
pared with the cultures grown in s normal air supply, was to be ex=-
pactad since carbon dioxide retarded development of the molds. fThe
oeffoct of carbon dioxide on lipolysis by the penieillia is probably of
Importence with respect to chesese ripening since an acoumulation of the
gas in cheess during ripening would be expected to retard mold growth,
with consequent diminished rate of fat decomposition. However,
nitrogen accelerated the growth and lipolytic activities of wvarious
penicillia; this wae most pronounced when cultures were incubated in
en atmosphere whioh consistod of 3 parts of air end 1 part nitrogen and
less pronounced in a mixture of 3 parts carbon dloxide and 1 part
nitrogen. It did not seem possible that the penicillia which are known
to be asrablo would be able to grow in the absence of oxygen. It
seemed probable that with the methods employed in removing the eair from
the bell Jjars, in which the culturss were grown, some air may have ree
mained in the petrl dishes; this in addition to the oxygen which may
have heen contained in the medium was possibly suffioient to support
the mold growth,

Apparently wide differences existed in the proteoclytic
activities of warious penicillia. Since the cultures ranged from
slightly to pronounced proteoclytic, the relative activities of various

penicillia would be expected to play an lmportant role with respect to



the texture of the ripened chessa,.

It 1s evident that the dry bread culture method was the
most effective in establishing the molds in blue cheese, when this pro=-
cedure was compared with the agar slope and the ager plate culture
mothods. The failure of the sgar slope end egar plate culture methods
of inooulution to establish the inoculeted molds in cheese wane due to
the relatvively small number of spores in comparison with the quantity
of curd inoculated. Some cultures which showed heavy spore formation
becams established in the cheese in some instances when inoculated from
ogar slope or plate culbures. The penicillie were effectively ime
plented when choese were inoculated vith dry bread cultures, since these
contained reletively large numbers of sporss.

Irrespective of the method of inooculation, certein cheese
contained contaminating types of penicillia. In some cheese these were
predominant, while in others they constituted a smmll minority. Fre=-
quently, more than one type of contaminating mold was found in the
ripened cheesse. It is wot surprising that various contemineting molds
should be present in ‘the ripenod cheese, since they were made from raw
milk which undoubbtedly contained various types of molds. From the
standpoint of cheese ripening, it is apparently essential to employ
heavy lnoculations of mold culture in the curd in order to obtain early
predomlnance of the inoculaeted molds in the cheese end to prevent the
dovslopmont of objeotionable flavors from the conteminating molds

prosent in tho curd prior to the inoculation.

Variations in response to the growth emviromment with
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different cultures are to be expected, since it is quite possible that
some cultures are more sensitive than others to the concentrations of
carbon dioxide and sodium chloride in cheeses The cultures were not
consistent with respect to the growth in cheesecs A culiure exhibited
good growth in one cheese while in another cheese, usually from o dif=
forent trial, mold development was poor. Such variation in growth by
‘the same culture may have been due to differences in the texture of the
choese. Poor growth was frequently noted in closs texbured cheese.
Although poor mold growth was occasionally found with cultures of

Fo rogqueforti, it was much more frequent with P. gorgonzola; this may

hove been due to definite differences in tho sensitivity of the two

specice to the envirommental conditions in cheese, One culture,

Pe chrysogenum, grew well in cheese but the growth was atypical with
respect to blue cheess and, therefore, the culture wus regarded as
showing poor growbh,

That the lipolytic and proteolytic activities of various
penicillie should affect the ripening of blue chease is to he expeocted,
since flavor development is belisved to be associated with the decompo=
sition of fats and proteins through the activities of lipase and
proteass, respectively. The bitter and green flavor sometimes noted
during ripeaning in cheese inogulated with pronounced lipolytioc and
proteolytic penioclllia is probably an essential gharacteristic of such
cultures and indicates raplid decomposition of fat and protein
accompanied by an eccumulation of the decomposition products in the

cheese. Such flavor suggests a rapld acoumulation of fatty ecids end
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as conditlons became less favorable for mold growth, the acids were
oxidized to the respective methyl ketones, thus reasulting in early
ripening.

Variation in the ripening of blue cheese with different

strains of Pes roquefortl was primarily due to the marked variations in

their lipolytic and proteolytic activities. However, the results were
not always consistent, since in e few instences certain pronounced
lipolytio cultures frequently resulted in poor cheese., Evidence of
this wes noted with oultures 15 and 25, these were strikingly similar
with respect to thelr colony characteristics and their lipolytic and
proteolytic activities, yet they exhibited marked variation in regard
to cheese ripening; culture 15 usually resulted in poor flavor, while
culture 25 quite consistently produced good flavor in the ripened

cheeses Cultures of Ps gorgongola seemed to be relatively slow in

ripening the blue cheese; this was probably associated with the slight
lipolytic sctivities of these molds. P. stilton usually resulted in
good cheese; although thls mold showed no evidence of causing hy-
drolysis of butterfat and tricaproin, it was moderately lipolytic on
the different triglyecerides, P. stilton also showed good mold growth
in the cheese. In view of these observations it would seem that the
selection of mold cultures for blue cheese ripening should be made

on the bagis of strain rather than species.



137

SUMMARY AND CONCLUSIONS

1. The lipolysis of butterfat and cottonseed oil by
various penicillis was more readily detected with the nile blue sulfate
technique than with the natural fat technique. Although the natural
fat technique resulted in the greater colony growth, the nile blue sule
fate technique usually gave the more distinot differentiation between
the unhydrolyzed and the hydrolyzed fat.

2., The modified nile blue sulfate technique for determine
ing the lipolytic sctivities of various penicillia on butterfat and
cottonseed oll gave a more distinet differentiation between the unw-
hydrolyzed and the hydrolyzed fat than the matursl fat technique.

3. Yo appreciable difference in effect on the deteotion of
lipolysis by verious penicillis was noted when 0,5 ml. or 1,0 ml. of a
3 per cent fet emulsion was used per plate (15 ml, agar). However,
when 1.5 ml. fat emulsion was used the uniformity of lipolysis was
affacted.

lie With the nile blus sulfate technique for determining
lipolysis of butterfat by certain penicillia, the best reaults were
obtained when the media contained 1 part of dye in 15,000 or 20,000
parts of agare Hlgher concentrations of the dye caused marked
inhibition of mold growth, while lower concentrations failed to color

the fat properly.
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5. Proteolysis was more readily detected on Czapek's
solution milk agar when the cultures were inocubated:
a. At 28° Co rather than at 21° or 12° C,.
be At 21° C. in the air L days followed by L days
in an atmosphere charged with carbon dioxide
rether than at 21° C, in eir for 6 days or 8
days,

6« At 21° C, proteolysis was more readily detected on
Czapek's solution milk agar than on beef infusion milk ager when the
cultures wero incubated l; days in the air followed by lj deys in cerbon
dioxide, or when they were grown for 8 deys in carbon dioxide.

T+ Somewhat more cloer cut results were obisined with the
carbon dioxide techniqus (incubation on Crapek's solution milk sgar
with inoubation at 21° C, for L dayes followed by I3 deys in carbon
dioxide) in the detection of proteolysis than with the scidified milk
ager technique,

8. There was considerable varietion in the lipolytic
activitles of various pemicillia on butterfat and cottonseed oil, as
determined by the natural fat and the nile blue sulfate technigues,
Acocording to the ratio of the colony sizs to the extent of lipolysis
(-%- value) and the intensity and uniformity of lipolyeis, the cultures
ranged from nonlipolytlie to very pronounced lipolytic,

9« There was considerable variation in the lipolytie
activities of various penicillie on different triglycerides, according

to the nile blue sulfate technique. Only a few oultures showed
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lipolysis of triproplonin, while all reedily hydrolyzed tributyrin and
trivalerine As the molecular weights of the triglycerides increesed,
variations In lipolytic motivitles of the cultures became more con=
spicuous, Some cultures showed gradual declines in their lipolytie
activities, whereas others declined sharply on the triglycerides be-
gimning with tricaproin. While most culbures were actively lipolytic
on the triglycerides from tribubyrin up to and including tricaprin,
gseveral showed no lipolysis with trileurin.

10. There was considerable varlation in the toxic effeot
of differeut triglycerides on various peniclllise Iz general, the
triglycorides that exhibited the most pronounced toxieity, in the order
of thelir effect, were tripropionin, tributyrin, {trivelerin, triocaprin,
trilaurin, trimyristin and tripalmitin. The least toxic were trie
heptylin, tricaprola, tricaprylin and {triolein.

1l. The lipolytic activities of various penicillia on
butterfal were retarded whea the cultures were growvn in an atmosphers
consisting of 3 parts alr and 1 part carbon dioxide, while their
activitiss were markedly accelerated in 3 parts air and 1 part nitrogen
and slightly accelerated in 3 parts carbon dioxide and 1 part nitrogen,

12, The lipolytic activities of various penicillia on
butterfat declined slightly when li per cent sodiwn chloride was added
to the medium,

13. Certain penlcillia showed greater lipolytic action on
cotbonseed oil whon the cultures were inocubated at 25° C. than at §° to

10° Ce3 mors rapid mold growth also occurred at the higher temperature.
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144 There was considerable variation in the proteolytic
activities of various penicillie, as determined by the ecidified milk
agar and the carbon dloxide teohniques. Thers was a gemeral agreement
hetween the results obtained with the two techuilgues,

15. The rates of zrowth and of proteolysis of certain
penicillin were affected by different growth conditione. The cultures
grow more slowly but showed greotor proteolybic metivities in air at
28° ¢, than at 19° or 12° C.; the cultures wers somewhat retarded in
growth but proteolysis was unaffocted when grown at 28° C. in an
atmosphere in which 10 per cent of the air hed Leen replaced by carbon
dioxide; culture growth and proteolysis at 23° C, were almost stopped
in an etmosphore which oonsisted principally of carbon dioxide; growth
was usually unaffected hut proteolysis was slightly accelerated at
28° Cs in an etmosphsre consisting for the most part of nitrogens

16, The inmooculation of cheese curd with dry bread cultures
of penicillia was the only setisfactory method of establishing the
ponicillin in choeesc., Susponslons of spores from agar slops or plate
cultures failed to introduce a sufficlent number of mold spores for
establishment of the inoculated cultures.

17. Bluse cheese ripensd with pronouneced lipolytic and
proteolytlc ponloclllie usuelly showed better mold growth and earlier
development of a good flavor than those ripened by less active molds.
Ths bitter and zgreon flavors often found, during the early poriod of

ripeniny, in cheese ripened with the pronounced lipolytic and proteo=
lytic penioillis gradually disappeared, and good flavors usually
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resultoed. When the cheeso were ripened with elightly lipolytic and
proteolytic penicillia, they frequently showed poor mold growth and
{lavor development, However, the results were not always consistent
since in g2 few instances certaln pronounced lipolytic and proteolytio
penioillia resulted in cheese with poor flevor,

18. Thers were marked variations in the Clavors of cheese
riponed with different strains of penlclllia., Cheese ripened with

P. roquofortl usually showed good meld growth but not always good

flavore. Cheese ripened with o eulture of P, chrysogenwn showed poor

growth anéd flavor; cheese ripened with P. gorgonzola showsd from good

to poor growth and usuvally frouw fair to poor flavor; one culture of
P, stilton usually produced good growth ond from good te fair {lavor
in the cheess; while one culturs of en unidentiiied Penicillium gave

foir growth end flavore
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