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S&{E OF THE FACTORS INFLUINCIKG

TdE GROWIH OF MOLDS IN BUTTZER

INTRONGCTION

The market value of butter is determined, in a large memsure,
by flavor and aroma, but the general appearance and physiczal structure
also have considerahle influence upon a critical and discriminating
buyer.

One of the most disturbing defects of market bubtter is due
to the growth of molds which produce discolored areas on the surface
of the butter, wrapper or packing, often sufficiently serious to cause
the rejection of such butter by the dealers. On the other hand, the
mold growth may be such thet there are no marXed, visible signs of
molding to mar the zppearance of the butter vut guite enough to bring
about decided, deléterious changes in the flavor and aroma. The dis-
coloration of the tutter due to the growth of molds is always a aserious
matter in itself, but when the flavor and aroma may be affected sim-
nltaneonsly, or even independently, as they are by the development of
certain molds, tzze situation assumes very serious proportions. A4s a
rule the markel has been thinking of the molding of butter, principally,
as a defect in appearance because this is the most striking manifeet-
ation of the developmen:t of these microdrganisms.

Generally, moldy butter is encountered as an isolated case,
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altho at times an outbreak of moldiness in butier from certain cream-
eries may assume the proportions of an epidemic. Then such a situation
arises, logses to tne creamcries mannfacturing sach butter are often
heavy, involving hundreds or thousands of dollars, quite sufficient to
caase a mizor finan:.;ia.l crisis for iarge creameries, and a major crisis
for smaller establishments. Ix recent years, moldy butter has sitract-
ed much more attention than it did at one time. The reason for this is
not entirely clear altho changes in the manafacturing methods aad e
more Aiscriminating market may be factors which have had & part in this
increased interest.

The appesrance of mold in bauitter has been more frequent in
nhsalted butter, ard occurs most commonly during the early spring and
sunmer months. Bowvsver, isolated cases may be encountered at any season
of the year and in various grades of butier and margarine.

The mold problem is really serioes for the creame}:y industry,
considering the damage done b, the mold in producing the typical sur-
face discoloration and deterioration of the product. A nomber of in-
vestigators have interested themselves in a study of some of the factors
which may influence tihe growth of the mold in the dbutter, but there are
a number of factors which have not bveen studied carefully, and which
mast be understood clearly beiore the indasiry may assume conirol of
the gituation. For Instence, it has been agreed, cuite generally, that
salt has a preservative action in butter and tends to prevent moldiness.

Bevertheless, many cages of mold growth in guite highly salted butter
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cont:ﬁme to occur. The problem is not simple, nor will it be easy to
solve. There are so ma.w possgible faciors which may influence the
growilk of molds in butter that each of them must be studied thoroly
before a proper evaluation of each of tnem can be made for individoal
species of molds and mixtures of species which may occur in a given
lot of batter. The relationships which these factors have, one to

the other, must be established before the provlem can be approached
with a reasonable degree of assurance that control can te exercised.

The studies reported here have been undertaken in an attempt

to provide farther data frca which future research may be directed

toward a more complete soluticn of the prodlem.
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BEVIEY OF LITERATUAR

There is no indication in the literature as to the original
observation of the molding of butter. Undoubltedly, mocld growin oc-
curred on butter made under primitive conditions and stored where
there was every opportanity for growth. ror many years articles on
dairying have made reference to the appearance of discolored areas

on butter, but during the period before mycological laboratory meth-

ods were perfected litfle definite infomeation was avelleble. Saccardo

{111} in 1886 stated that Oospora ruberrima had been reported by

Travat as occurring on butter in Algiers. The same year, Suclaux
{34) mentioned the fact that molds were present in butter. In 1892,
Siedel {124) found that grennlar butter, sitored for severzl aonths
in brine, changed in flavor and developed roguefort, turnipy or beet
flevors vhich he attributed to molds. IiicWeeney (80) ir 1894 des-
cribed and illust;':ated a fungus ceunsing dark dbrown spots on butter

exhidbited at Cambridge which he considered to be like Dematium paullu~

lans DeBary but which was identified as Cladosporium herbarum Link.

Beference to the presence of mold in butter was made in 1896, from
Sweden anonymously {4) and by Wagepetersen (141). Shaw (123) re-

ported in 1896 that several samples of butter in Portland, Oregon




developed bluish-blac: isolated spots on the surface, which eventu-
ally became covered with the growth of = fungus which was identified

as Stemphylium batyri. He also stated that s similar case had been

noted in Horth Carolina. In an extended report mpon experimental
exports of unsalted batter to the London market, published in 1898
by the TU. S. Deperiment of Agriculture, Alvord (2) stated thet the
results were unsatisfactory because a portion of the butter became
moldy. In a monograph which has been quoted widely, Gripenberg (53)
discossed the investigetions carried on during the years 1896-1898

in Finland to determine the causes of moldy butter. The molding of
butter had become a serious problem for the experters of Finnish bot-
ter and demanded stme study. During the last thirty years there aave
been incressing numbers of references to the appearance of mold in
batter and results of research upca sources, species of molds en-
countered, factors inflmencing growth, chemical activity and methods
for control have been published. Hany of these will te discussed in

the subsequent pages.

Factors Inflaencing %he Growth of Holds in 3utter

~
L4
——

There are mny factors which may be considered as affecting
the growth of molds, among which the food supply, moisture, atmos-
pheric conditions, temperature and miscellaneous physical and chem-

ical environment are the most noteworthy. Furthermore, the species




of mold undoubtedly is an important factor. These factors ma; be

congidered separately.

4. Food Supply

Butter is a mbsiance which carries & variety of food ele-~
ments such as fats, proteins, carbohydrates, and mineral salts, which
should provide nutriment for the molds that nay be present in the otut-
ter.

1. Pats and Related Substances. Inasmach as fat is the
principal constitaent of butter it is well to consider the pert which
fat may play in the natrition of seme of the common fungi. In an
investigation of the use of fats by certain fungi, Schmidt (117)

employed cultures of Pemicillium sp., Aspergillus si:., ducor race-

mosus and Phyconyces nitens but inasmuch &s only slight differences

in the action of these species were noted, Aspergillus niger was

used principally. Various oils were added to é. ainersl solation and
it was found that the molds grew and utilized the fats, especisally
the neutrsl fats. Schmidi pointed out that these o8y be factors
ixi.fla.enciag the growth. me‘decomposition of a glyceride was con-
sidered as veginning with a splitting into glycerol and the fattiy
acids, which in turn might be attacked. If the 0il covered the sur-
fa;ée of the natrient solution,. the molds were shut off from coxygen

and did not grow. Duclanx {35) melted a sample of butter and de-

X ot i e




canted a2 portion of the fat. The remsinjer of the sample war exul~
sified end inocalated with & species of Penicillium. Changes took
place in the fats and there were voriations in the proportion of
fatty acids released. Butyrin was saponified more easily by the cul-
$ure than caproin but both of these were more reedily atbacked than
the other glycerides. Iater, Duclaux {35) found thet if an 0il was
impure, and carried a scbstance which inbibed water, the surface of
the scbstance nizht be covered by an abundant vegetation after s few

days. In this Penicillium glaucum predominated. Waler played an

important role in this zrowth of mold especially since it may carry
various natrients and furnish moisture for germination. In a study
of rancidity of buatter, Hanus (56) reported that the glycerides of
the gatorated fatiy acids wcre decomposed by molds pat that those of
the unsaturated acids were noit. He pointed out later (57} that the
molds first attacked the lactose and oroteins and later decomposed
the fats. Bichholz (39) (40) made the statement that microdrgmnisms

could not grow in puw butterfat but that Penicillium glaucum could

show an especially good developzent and cause an intemse rocuefort
flavor in boitter rich in casein. Crampton (25) (25) cancluded from
his experiments with moldy cleomargarine that where ﬁtrogemu or
other non~-fatty material afforded a nutritare medium for the growth

of molds, edidble fats could e hydrolyzed so that faity acids and
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glycerol were liberated. ZIaxa {72} found thait m=clds brouzht aboat
&n imporiant decomposition of bmiterfed; butl that the splitiing cf
all glycerides did mot take place iz the same degree. Tac glycerides
of the lasgoluble fatiy scids which have the higher molecular weights
were found to te hydrclyszed by the molds more easily than those of
lower molecular weights end the toxicity of the freed, solubdble fatty
acids inereased with the increasing molecular magnitude. ZEmploying

cuitures of lincor moncedo, O0idiicn albicans, Penicillisn sloucom and

an onidentifled mold, Schrieder (118} found thal pure fat by itself
was not a foodsiuff for microdrgoniems but there other natrients
were available the molds werce gble bo spiit the fat. As a result of
his ‘experiments Rahm (99} coacluded that the decomposition of fat

toox plzce only in the presence of organic aiirozen. Penicilliua

glaucum and sevceral cther species of molds were atle to decoapose
fat in a nutrient median bui not under anserobic conditions. Xaohl
(7G)- {71) reported that molds isolated Irom butter were able o at-
tack fat but this process tock place after the molds had made their
orizinal Jevslopment on ths curd of tatter. Roussy (109) investi-

o4
gated the value of fatiy sutstances as food feor Thycomyces nitans,

Bhizopos nigricans and Sterigmatocystis nigrs and stated that fot

was jast as good fcod for these molds as carbohydrates. 4is a sub-

strate he made ase of Raalin's 1iqnid which fuarnished ssurces of




natriment other than fat. His stadies {110) were continuned with
similar resulis when & nuomber of other species were uszed. S8Shngen
(125) found that & variety of molds were capable of producing lipase
which split the fat in butber and asrgarine. In extensive investiga-
tions Spieckermann {(126) (127) studied the effect on fats of caltures

of Penicillium glaacum, a8 well a&s Aspergillus glaucas, Aspergillus

flavus and several species of ifonilia. The fats were split in g var-
iety of ways when some nitrogen compounds were present in the sub-
strate. Batien and Bywaters (9) in experiments witn sterile cacao
butter observed that nolds would not grow on it at any temperature
_unless water was present. Colonies of mold did appear on a solidi-
fied emulsion of cacao butter and water {about 30 per cent) after 3
oonths at room temersture. Uhen small quantities of sterile prune
Julce agar were mixed with the cacao batter vigorous growth was ob-
served in less than a week. Bywaters {2 ) also stated that pare fats
were very resistant to the attack of fungi, probably because of the
lack of nitrogenous and other elaements requnired for . protoplasmic
growth. As a result of researches on the rancidity of vegeteble
margarine, Jacovson (62) decided that the influence of molds oa ab-
solutely dry cocoanut oil was of no significance whatever but if only
traces of water were present rancidity mizht occur. Stokoe (129]

found that Penicillium glancum when inoculated into pare fats pro-
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duced little change but when the fats were emalsified with nutrient
media'., the mold developed within a few days. He (130] stated that
the development of rancidity in water-free fats was not due to the
activity of micro8rganisms. The products formed as a result of the

action of Penicillium sp. were discussed in a later pudlication by

the same aathor {131). Flieg (49) stadied the action of Aspergillus

niger opon a variety of fats in 2 synthetic mediom which encouraged
the early growth of the fuxgus and found that the different fats
were attacked in different ways. After reviewing the literature
extensively, Starkle {128) stated that the presence of water and
. nitrogenous substances was necessary for the growth of molds in
cocoa fat. 2Zikes (147) likewise made the statement that pure fats
and waxes did not support the growth of fungl =nd that positive
results in the past were probadbly due to agherent traces of proteins
and carbohydrates. In s recent publication, Patil and Hammer {92)
reported that butterfat in a purified condition seemed quite resis-
tant to the growih of micro8rganisms. Strained fat and ghee kept.
moch better than batter or ghee containing added water.

Schmidt (117) found that when a minersl nutrient was
provided, oleic and pelmitic acids were more or less satisfactory

sources of carbon for Aspergillus niger, after glycerides were




broken down into the component acids and glycerol. According to
Bokorny (14} batyric acid may be used as food for molds, bat 3itting
(11) found that a 0.2 per cent solution retarded the growth of

Penicilliam, while QJidium lactis did not develop in more than 0.1

per cent. Crampton {26) found that Coniothecium sp. attacked the

fetty acids freed in oleomargarine, with a preference for those

of lower molecular weights. Rahn (99) agreed that fungi show a
preference for the lower acids. lLaxa (72) reported the utilization
of wolatile fatty acids released in the gplitting of batterfat by
molds. Spieckermann (126} found that certain molds were able to
_ase fatty acids especislly if they were finely divided. Zoussy
{110) was able to obtain good growih of a number of species of mold
on oleic, palmitic and stearic acids, when they were used in con-
nection with Ranlin's mediom. Tsusson (132} reported that oleic,
stearic and palmitic acids were utilized by A. flavas altho the
sasturated scids were more suitable than the cleic scid. Xiesel (66)
was of the opinion that fatiy acids show consideratle toxicity to-

warde Aspergillus niger, especially those containing the most carbon.

In this respect the molecular structure also appeared %o be signif-
icant. The differences in toxicity were explained on the basis of
the differences in pemetrability of the protbplasmic layer of the

cell for various substances.
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The glycerol relessed by the splitting of fats can dbe
atilized quite readily by fungi according to Barr (19) who foand

that Penicilliun glaucum and Asgpergillus niger would grow in 43 per

cent glycerol solations. Zhrlich (38) demonsirated that Cidium
lactis atilized slycerol as ; food. znonssy {110) came to the con-
clusion that the severzal species of molds which he was studying de-~
veloped much besser on the fatty ecids than or glyeerol with the
exception of species of Penicillium and Aspergillas. Glycersl did not
serve particularly well as a source of carbon according to Scamidt
{117).

When ivory-nnt oil and lecithin were added tc a nutrient

medium, von Baler {145) found that the growth of Penicilliam glaucum

and Bhizopus chinensis was extensive after the medium was irradiated

by wltra~violet light.

It may be seen by a perusal of the literataure npon the
value of fat, fatty acids, _élycerol and related substances, that pure
fat is not available for direct use by molds, and that sufficient
quantities of vatef and nutrient substances appear to be necessary
before the splitting and atilization cf the fat can be accomplished.
There seems to be some question as to the action of molds upon the
free fatiy aclds. A difference appears to exist between the walue

of the different acids, either because of their composition, struc-
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ture or some other factor. lLarge quantities might be toxic and
small amounts stimulating. Apparently glycerol and lecithin sre

able to furnish a satisfactory food supply for many molds.

2. 2roteins and Related Sabstances. The literature a-
bounds with referexsces to experiments undertaken to determine the
types of nitrogen compounds most useful for various species of
mold. It is so extensive that no atteapt will be made to review
it at this time. Since normal butter contains s considdrable
quantity of rich nitrogenous. materials in the form of the droplets
of buttermilk it agy be agsumed that the moldes will find a variety
of proteins and related compounds quite sufficient for growth,
providing the molds are in such a position that they are able to
obtain the substances directly.

The question may arise as to the possibility of molds
fixing nitrogen when they are attempting to grow in such a substance
as pure butter-fai. Dox (32} (33} reported that he found no evi-

dence that Aspergilltis fumigatus could fix nitrogen. The litera-

ture apon the subject of nitrogen fixation has been reviewed very
thoroly by Duggar (37) who came to the conclusion that nitrogen

fixation could not be estadblished for Aspergillus niger, Penicilliom

digitatum, Penicillium expansum and some other forms while Phoma

betae showed signs of fixation when growing on mangel and sugar
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beet decoction with sugar.

As far asg the utilization of the protein fraction of
butter is corncerned, Batten and Bywaters {9}, Barr and Wolff {19),
Crampton {26), Eichholz (40), and Laxa {73), all expressed the
opinion that a high card content favored .the growth of molds in
butter. Boekhout and deVries (12) held that the percentage of
curd in itself was not a factor because the merest traces of curd
were safficient to encourage the growth of mold. This observation
seems to be more in accordance with the facts relating %o the
quaantities of nitrogen material necessary for the development of

fungi.

3. Carbohydrates and HMineral Salts. The wvalue of vari-
ous carbohydrate and mineral elements or salts as food for molds
has been studied by many ng;l:ers. It would be’:t;.mprac‘kical to pre-
gent a review of the voluminoas literature upon this saubject. In
connection with studies on butﬁer, it was reported anonymously {(5)

that lactose was not a very food soarce of food for Qidium lactis

or Yncor oucedo, but fairly satisfactory for Penicillium glaucum.

In solutions containing suger a marked submerged mycelial develop-
ment was noted. This observation is of interest in light of the
findings presented later in this thesis. 3Boekhout and deVries (12)

likewise reported that lactose was mot the best type of sugar for




Hormodendrum cladosporioddes. In his studies on the influence of

lactose on the decomposition of casein by microdrganisms, Laxa {73)
found that proteclysis was favored by the presence of lactose.

According to Ehrlich (38) Oidium lactis was able to utilize lactic

acid which might be formed by the hydrolysis of lactose.

The fact, that for years the majority of studies upon
molds have been made upozi synthetic media containing a variety of
inorganic salts, is evidence enough to indicate that mineral ele-~
ments are satisfoctory and necessary food sources, providing they
are present in the proper compounds and in the proper cuantities.
Normal battermilk carries a variable quantity yet more or less sat-
isfactory va_.riety of most of the inorganic elements essential for

the development of many fungi.

Summary. As s whole, bubtter conbains a wariety of food
elements some of which are readily available for use. A great
deal would depend apon the molds bemg properly oriented so that
th.ey were in intimate contact with the mst easily utilizable com-
pounds. In butter the protein, carbohydrate and mineral salts are
present in the battermilk which is finmely dispersed thruout the
mass of butterfat. As pointed out by Rahn and Boysen {102} these
particles may be extremely small and so.numerous that the majority

of the droplets of duttemilk are sterife. Farther than this, some
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of the droplets may be largely water with the slightest trsces of
food-stuffs, if any, unless the spores of the molds have germin-
ated and produced sufficient mycelium and enzymes to attack the

abundant supply of adjacent fat,

B. Ioistore

It is generally recognized that moisture is necessary for
the germination of the spores of molds and that the development
of hyphae is accellerated when sufficient moistuore is available.
In order to utilize any foodstuff, weter in sufficient gmantities
nust be present. This has been indicated in connection with the

availability of fat as a nutrient for fungi.

1. icisture in Substrate. Batten and Bywaters {9) pre- -

pared a series of blocks of cacao butter containing from O to 20
per cent of water ir an emnlsified staie and inoculated mold cul-~
tures into the\center of the blocks. Under these conditions, the
growth of the mold was slow, no amatter how nigh the percentage of
water present. This agy, of course, have been explained by other
factors, such as a lack of suitable food or oxygen. Iliold did de-
velop on solidified emnlsions of cacao butter =nd water (aboat 30
per cent) when spores were inoculsted on the surface. Burr and

Wolff (19) found tbat when butter contained water in large droplets




N
-17~

instead of being in the normal, finely-divided state described by
Boysen (15) and Rahn and Boysen {102), mold development was favored.
They pointed out thet nutrients were not awailable unless suffic-
ient moisture was present. Combs and Eckles {23) made the state-~
aent that the moisture content is a factor governing the develop-
ment of molds in batter. As pointed out elsewhere, Duclaux {36)
found that water was required for.the gemination of mold spores.
According to Gripenbverg (53}, wood and paper nsed in butter pack-
ages sustained the growth of molds vhen sufficient smoants of molst-
ure were present. Hood and White.{60) were of the opinion that
normal buttér contained sufficient moisture for mold development.
This seems to be certain since the moisture in butter is present
largely in connection with the principal food constituents such as
proteins, carbohydrates and mineral matter. In his investigations
on the causes of rancidity ¢f vegetable margarine, Jacobsen {62)
found that oils became rancid thru mold action when small quantities
of water (0.2 %o 0.5 per cent) were present. Kdnig, Spieckermamn
and Bremer {68) reported that a mmltiplication of molds occurred in
three sorts of cottonseed meal only when the water content was
higher than 14 per cent. iiciieeney (80) warned against superfluous
moistare in buxtér if molding were to be prevented. A4s poinxed

oat elsewhere, Patil and Hammer (92) observed the development of
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microorganisms in butterfat and ghee only when water was present
with these substances. Thom and Shaw {139) reported the presemce
of mold in butter with o water content renging from 7.38 to 18 per

cent. According to Welte (145), Penicillinm glancam made good growth

after four days on bread contsining 33 per cent of water but less
satisfactory development in six days when the water content was 20

to 25 per cent. ¥ith Aspergillus nidulans, no growth was obizined,

even afier six days, when 25 per cent or less of moisture was pres-
ent. He quoted Fligge as authority for the statement that mold
growth wacs completely hindered when the water content was as low as
10 to 12 per cent.

It is evident from a review of this literature that water
in the substrste is essential for the development of molds. Jast
what the minimum moisture recairement may be under different con-

itions is not so clear. The fact remains, however, that nomal
butter contains a high percantage of moisture in proportion to the
most easily atiliged food constitnents and should provide a satis-

factory substrate for mold growth from the standpoint of moisture.

2. Hpoistore in Atmosphere. The matter of humidity is
another consideration of some importance. Combs and Eckles {23)
held that the moisture content of the atmosphere in which butier

was stored had a considerable influence upon the development of
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molds. This is in agreement with the observations of 0Orla Jemsen

{63) that Cladosporium batyri, Oidium lactis and Penicilliom glauncum

grew best when butter was kept in a moist room. According to

K8nig, Spleckermann and Bremer (68), molding was increasingly abun-
dant with an incresse in hamidity. Macy and Pulkrabek (8l1) stored
samples of unsaelted butter wrapped in mold-contaminated parchment
ander conditions of varying humidity. FKineteen samples kept at

1° c. for 50 to 60 dasys at approximately 70 per cent relative humid-
ity showed nc mold. The same was found to be true of ten samples
stored at 12° C. for 30 days at about this humidity while two other
samples at the same temperature and humidity after 50 to 80 days
were moldy. A high relative humidity (90 to 100 per cent) favored
the growth of molds upon comparable samples kept at ;he same temper-
atures. Thom and Shaw (139) found that samples of butter inoculated
with warious molds and kept at room temperature,,fbr several days
showed no growth of mold at ordinary humidities but when the samples
were placéd in 8 moist chamber the growth was active. At the low
humidities mneof the cultures appeared to develop, regardless of
the moisture content of the dutter. The failure of mold to grow on
butters with high protein content when they were kept at low humidi-
ties indicated that the moistare in the atmosphere was the essential

factor since the cultures developed in the misti chamber in dutiers
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with a low pretein coatenti. Siudies were also reported where def-
inite hamidities, namely, 100, 90, 79,6, and 69.6 per cent were
employed.. The growth of molds was found to be greatest at 100 per
cent, good at 90 per cent, considerzble at 79.6 per cent and little
or none at 63.6 per cent relative humidity.

Unguestionably humidity is a very important factor in the

growth of molds in datter.

C. Atmosphere

The importance of a sufficient supply of oxygen for the
development of molds in butter has been sugsested by a number of
investigators, among which are, Boekhout and deVries ({12), Burr (18),
Buarr and Wolff {19), Daclaax (36), Gripenberg (53), Hood ard White
{60}, and Rogers (108]).

Lopriore (78) observed that the germination of spores of

Zocor macedo was slowed by the presence of 10 per ceat carbon diox-

ide in the atmosphere. Undiluted COp, altho producing total in-
hivition, did not kill the spores even after an exposure of three
months. The formation of sporangia was more readily suppfessed
than spore germination. Brown {17} reported that within cuite
wide limits, the oxygen pressure had very little effect upon the

gernination and growth of certain molds sauch as Botryiis, Fusarium,




and Alternaria. The germinaiion and growth cf these orgenisme was
retarded by COp, especially af lower temperatures with a scanty
food supply.

According to Porodko (95} it did not appear that aerobic

organisms such as A. niger, ?P. glasacun and li. stolonifer were par-

ticularly sensitive to changes in oxygen pressure. Sevenster {120)
{121) {122) stated that batter stored under vecuum was not in =a
favorable environment for the growih of molds.

Xarsner and Saphir (65) studied the effect of high partial
pressares of oxygen ucon a number of species of molds growm on
Saboaraud's agar in petri dishes kept in glass jars. They found
that concentrations of oxygen of 76 per cent or more exercised a
definite inhibiftery effect upon some molds.

Rippel and Bortels (106} observed that the development

of Aspergillus niger from spores was hampered by removing the COp

from the stmosphere. They held that CO, was necessary for the func-
tioning of plant cells. |

According to Rockwell and Highberger {107) a species of
Hocor was found to be imhidited in growih when incubated at 37° C.
in & jar containing 4 per cent HaOE to remove some of the CQ, from
the atmosphere.

The notion that molds are strict aerobes seems to be

fanlty but it is evident that they do require at least soms oxygen
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for their normal development, altho excessive quantities ars in-
hibitory. Eow Laportent these facts nay be in connection with the
neléing of vulber is not fully explained. One must bear in mind
that & certain awount of 2ir is entrspped in ordiaary ovulter, the
amount and distribution verying at different times as shown by
Bain (101). The extent of the surface of butter exposed to the
air zlso may be a factor. Reisz {104) has shown that a cylinder
{r%h) of butter exposes 14.5 per cent and a cube (=3} 2.1 per
cent more surface thun an ecual quantity of dutier in the form of.
a spoere {4/ 3 ro7r). 1If air is esgential for the development of

mcld in batter, the shepe of the package may be worthy of consid-

erstion.

D. Temperature
Temperature is a factor which influences profoundly, the
growth of microdrganisms. lolds are no exception to this.

Welte (145) reported that Peaicillium glancum and iincor

stolonifer showed the best growth at roon tempercture while Asper-

zillus nidulans was able to grow well at 36 to 37% C. In his studies

on Aspergillus niger and Penicillium glapcum, Thiele {135) observed

that the maximnm temperature for growth was not constant and depend-

ed upon the medium. The minimum for P. glaucum was 1.5 o 2.0° C.
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and for A. miger, 6 to 8% C. Later, he reported {(136) that 2.
glancan made only scanty growth at 30 to 40° . ‘Mom {157) foand
that few Penicillium species grew normelly at 37° C. but neeriy all
showed rapid growih at 12 to 300 C. The development was progress-
ively reduced by lower temperatures. At 10 to 20° C. it was slow
bat good, while at temperatures aporoaching 0° ¢. the growth was
very mach slower. Anmes {3}, in siudyings the ainimum temperntore

for germination of spores of Monilla fructigens, Penicilliua digi-

tatum, Rhizopcs nigricans and other storage-rot fungi, found that

the spores of these species had a minimum germination point at 1°
C., 1° C. and 3° C. while their optinim temperatures for growth were
25° ¢., 25° C. and 360 C. respectively. Ee pointed out that the
minizam temperainre for froctification in all cases was several
degrees higher than that for growth. 3Brooks and Cooley (16)

determined that the spores of Alternaria sp., Boiryiis cineres,

and Penicillium expansum germinated slowly at 0° C. on commeal

agar. Aspergillus niger failed to germinate at 10° C. Iieyer (84)

advanced the opinion that it was not permissible to speak of an
optimom temperasture for the growth of fungi except in the sense that
it was the temperature which permitted the greatest rate of growth
cxder sitrictly specified conditions other than femperstare.

These reporis are representative of many others which
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indicate that each species shows different responses to different
temperatures for germination, growth or fructificzation.

In respect to the growta of molds in batter at different
temperatures, the reports are largely in generzlities, sltho Boek~
hout and deVries (12) repcrted that moldiness had oppeares in szm~
pies of butter stored at -3 to -6° C. for four weeks %o four and
one-hslf months. 4 repert from the U. S. Departmernt of Agriculture
{6) recomnended that butter be stored below 2° P. [-16.57° C.)
to prevent mold development. Hood and Fhite (60} pointed out that
molds grew in butter over = wide rzange of temperatures thut were
checked at temperatures apsroaching the freezing point of water.
This was in agreement with the views of Rogers (108} expressed
several yeors before. iiacy and Pu.l_krabe}: {81) obscrved thet tcmp-
erature vas & factor vhich inflnenced the development of mold on
experimentel dbutters. Stokoe (129) remarked that temperatarc ent-
ered into the factors fovoring the production of rancidity of oleo-
margarine by nolds, on the basis thet this defect was more preva-
lent in the swmsmer months.

In & gereral way it appears evident that low temperatures
impede the development of molds in butier dut experimental cvidence
for different species and specific te:npératures is lacidnz. 3Butter
bas been found %o be moldy even vhen stored at relatively low temp-

eratares for sufficient periods of time.

A e e e e e o e e
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E. ldiscelleneons Chemicusl end Physicsl Imvironment.

There are meny factors which may te considered under this

category, v only a few will be considered here.

l. Salt. A number of investigz=tions heve been undertaken
regarding the effect of salt {sodium chloride) upon the growth of

molds., Eschenhagen (43) reported that Aspergillus niger would

grovw in a 17 per cent sclution of sodium chloride in an inorganic

mediam, Penicilliuxn at 18 per cent and Botrytis cineres at 12 per

cent. Kosinski (69) was of the opinion that a 0.26 molar solution
{1.523 per cent) of sodium chloride did not effect the respiration

of Aspergillus niger. According to Gustafson (54), spores of

Aspergillus niger failed to germinste in 0.5 molar solution of sod-

ium chloride (about 3 per centj. Lindet {76) explained the antis- .

eptic actiorn of salt apon the bagis of its depriving zmicroorgenisas °

of = portion cf their elexertary structure through plasmolysis.

TOltje {146) studied the effect uf various concentrations of sodium

. .
L)

chloride in different cedia upon tre growia of eighteen species of

-
‘v - .o

Senicilligm. The killing concemtration of salt at 15 to 17° C. for
conidia wes found to be froam 6 to 26 per cent and for mycelium

from 8 to 27 per cent, depending upon the species. IZxtensive micro-
scopic studies of the effect of szalt apon the growth of Pemicillium

expansaa, Alternarise solsni, and 51d.ium lactis were reported by

-
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Bitting (11j. She found thai selt retarded growth and produced
stunted development. Ii took longer for the comidia to germinate

in higher saltl concentrations. Qidium lactis was most susceptible

and did not grow in 15 per cent salt. iiolliard {85} found that
sodiun chloride at concenirations up to 10 per cent lowered the

activily of Sterigmatocytis nigra. Golding {51) studied four species

of Penicillium, isclated froa blue-veined cheese and inoculated
into sweet skimmilk and Czapek's medium containing 4, 8, 12, end
15 per cen? of salt. The sali decreused the power to digest casein
as well as the growili of these organisas.

~ Observaevions have becn made in a genersl way upon the
eflfect of salt on the sppearance of mold in butter. Alvord {2)
reported that unsalted dbutter exporied to England from the United
States became moldy. Dean and darcourt (29) found that salt was
more efifective in preventing mold than oiher preservatives. Burr
and wolf? (19) {20) reported thet salted butier wiwh s normal card
content was not an exceptionally good suvsirate for molds and that
mold spores could not germinate well when 2 per cent salt wes
present in the butter. Species of lucor did not develop in salted
outter and the growth of Pemicillium was retarded. Rshn, Brown and

Smitk {(100) found that Oidiam lactis ircreased in ansalted bat not

in salted butter. The keeping cuality of butter and margarine was

———



improved when they conteined about 3 per cent of sali eccording
to Fischer and Gruemert (48). Hastings {59} held the opinion that
nold spores could not germirate in salted butter. Combs and ZEckles
{23) also concluded that the salt content of butter had a consid-
erable influence upon the Gevelopment of mold. Jacobsen (62) re-
ported that vezetable margarine was well preserved only when selt
or other preservatives were dissolved in the water droplets so that
the molds were restrained. Abbott and Ashenfelter {1) made the.
observation that mold counts incressed more rapidly in unsalted
than in salted butter. The ides that heavy salting of liners,
wrappers, tubs, etc. zs well as the soaking cf parchment pgper in
brine, decreased the possidilities of ihe development of mold apon
the sarface of batter or package, has been upheld by anonymous
writers (4), (6) {7}, and by Bogzild (13}, Burr (18}, Davis (27),
Dean {28}, Ibsen {61), Rogers (108}, and Zoffman (148).

lore Getalled studies of selt effects with especial ref-
erence to the butter industry have been undertaken. As reported
elsewhere, Siedel (124) atiriduted %o the action of molds, the
roauefor:, turnipy or veet flavors which developed in gramilar
batter immersed in 10 per cent and sabturated brine. ¥While he did
not record aciual visidle growth, he implied that some development

hai occurred. Gripemberg {53} made use of a Wtter "sernm™ which
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consisted of the sorition of buiiter removable after butier was melted
and ost of the fat decanted. Then this serun contained 18 und 20

per cent of salt, molds (Pemicillium sp. =né Prichosporium sp.)

were found growing in it aiter five to six months. tThen this maoter-
is]l was diluted, the fangl grevw amuck better. Hanging drops of
butter serua coniaining 0, 10, and 25 per cent of sslt were inoc-

ulated witn Penicillium crustaceam and Prichosporium collae. In

the ansal ted serum growth was active after nine days for vota types,
with 10 per cent szlt the growir was slight, while with 25 per

cent no m@s of growth were evident. ZParckhment psper dipped in
salted butter serum chowed no melding in the 24 per cent selt serum
bat increasingly heavy growih occarred in serum when the salt was
present in decreasing amounts. lcXay and Larsean (73) studied the

growth of Penicillium glaucum in media containing various zuantities

of szilt. The growih after two days was laxariant when less than
9 per cent salt was present, noticeable with 9 per cenl bat only a
trace of growth with 10 per cent salt. Fettick (45) followed the

development of QOidium tis and Penicilliam glaacum in onsalted

butter as well as batter containing 3 per cent of s21t by pla.tingf
samples at the beginnins of the storage period and after seven
weeks, two months, and foar months. In the salted batter the nam-

ber of molds decreased immediately snd dissppearec within the two
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months while they increased steadily in the unsalted sample. He
also prepared sterilized butter containing 0, 0.5, 1, 2, 3, 4, 5,
and 6 per cent of salt. These samples were inoculated with Oidinm

lactis, Hncor macedo and Penicillium glaucum and stored for one

week in a dark place at 17° C. Platings were made at the end of
this period. All three species decreased in proportion to the in-
creased percentazge of salt. XNo growth was obtained in samples con-
taining 4 per cent or more of salt. The effect of varions percent-
ages of salt in Czapek's medium was studied by Thom (138). Petri
plate cultures of 21 species of Penicillium and 10 species of As-
pergillus were prepared, using Czapek's solantion with and withont
agar, and conteining 10 per cent of sodium chloride. After nine-
teen days all of the Pemicillium and Aspergillus cultnres hsd
grown on the solid medium, but only sirteen of the Penicillium and
nine of the Aspergillus cultures in the liguid. The extent of

growth varied with the different gpecles. Growth of P. pinophilum,

P. lilacinom, P. lateam, P. d.igité;tuzn, P. purpurogenan, P. roseunq,

P. duclanxil, i. nidolans, A. fuzigatus, and a check culture of.

O. lactis was stopped or reduced to a negligible amommt in the
liquid medium. PFurther, twelve species of Penicillium were inoc-
ulated on Czapek's medium cmtaining 0, 5, 10, and 15 per cent of

sodiom chloride. After thirty-four days growth had occurred in




all samples reported. There was, relatively, less development,
however, with incressing percenteges of salt. It was detcrmined

that 0idiam lactis was reduced to negligible growth vhen the amount

of salt exceeded 6 per cent.
Thom and Shaw (139) investizated the growth of three

cultures of Alternaria, four of lucor, two of P. roqueforti, and

individnal cnltures of the following, Cunninghamiella sp., Fusar-

iun sp., Q. lactis, Penicillium sp., P. expansum, P. stoloniferum,

P. chrysogenum, P. purpurogenum, Rhizopus nlgricans, Trichoderma

8p. and a red mold on Czapek's agar containing 6.5 per cent and
14.4 per cent of s=1lt. The plates were kept in a moist chamber.
All grew in 6.5 per cent of sslt with Oidium least and Penicillium
best. In 14.4 per cent of salt, Alternaria and Penicilliom alone
developed, with the latier showing better growth. In an 18 per

cent salt Czapek's agar, three species of Penicillium and Aspergil-

las repens grew but in 21 per ceat the spores of P. chrysogenum
were the only ones to germinate. Thom and Shaw noted that the
growth on salted agar was better than on salted utter of the same
per cent of salt. Denmning {31) found butter in good condition
after eight months storage at 50° F. in a 20 per cent solution of
sodium chloride. Later experiments (32) indicated that datter
kept in 30 per cemt of salt had been preserved in good condition.

Hormodendrum cladosporioides cultures were seeded into a medium
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containing peptone, levulose ani nutrient salts and wvarying quanti-
ties of sodium chloride by Boekhout and deVries {12). Five cultures
grew in the medium containing 13.4 per cent salt, four in 14.J per
cent, two in 16 per cent, two in 17 per cent, and none in 18, 19,
or 20 per cent. Samples of bautiter contairning O, 2, 2.5, and 3
per cent of salt were placed in Erlemmeyer flasks at 21°% C. and
held for one month after inoculating with two Hormodendrum cultures.
Growth occurred only on the unsalted butter. It is evident that
Boekhout and deVries obiained better growth on the salted, synthetic
mediun.

. Paraschischuk (90) (91) studied the growth of several
species of mold on malt ager containing warying percentages of salt.

His results are shown in the following table:

Calture Percent of salt

- 5% 10% 18%  25%
Mncor sylvaticus b ad s - -
IRcor racemosus == = - -
Mucor hiemalis =as i ad - -
dncor roseam sas us - -
Rhizopus arirus zns = - -
Cladosporium herbarum nigr. =n® s s -
Stilbeciee graphiam e . - -

Qidium lactis b - - -
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& 103 183 5
Penicillium glaucum s s v -

Legend: ***= gbundant; =** = medium; * = scanty; - = none,

Unguestionably szalt has a marked effect upon the growth
of the molds. According %o the foregoing evidence the influence
varies, however, depending uson the species end the substrate.
Altho anszlted butter is most commonly affected, the fact remains

that mold appears often on salted tutter. This occurrence demands

explanation.

2. Degree of Acidity. Schaffer (115) stated that the
growth of molds was rather favored by the low acidity of dauiter
made from pasteurized cream. Aiccording to Laxa (73] the presence
of lactic acid did not hinder markedly the peptonization of casein

by molds. In studies carried on by Boekhout and deVries (12) two

caltures of Hormodendrum cladosporicides were grown cn = base medium

containing lactic acid. One cnltare was checked by 0.75 per cent
lactic acid, while the other was not restrained until the percent-
age of acid reached 1.0 per cent.

Fone. of these investigations was based apoxn carefally
controlled conditions in butter so give no sa.;bisfactoz:f ides of
the effect of acidity in butter upon the growth of molds therein.

A large number of papers dealing with the effect of

g oy s et seaee



hydrogen-ion concentrafion npon the development ol mclds have been

presented in receat years. Only two of these are mentioned here.

Gustafson {55) studied the effect of warious hydrogen-ion concen-

trations upon the respiration of Penicilliun chrysogenuxn. He found

thet the rate of respiration was not effected wivhin the range of

PE 4.0 and pH 8.0. Johnson {64) at the Iowa stztion reviewed pre-

vious investigontions and reported thati the acid znd alkaline reac-

tions inhibiting the growth of seven molds were as follows:

Hpcor glomerula pH
Fusarium bullatum pH
Aspergillus oryzae pH
Fusarium oxysporum pE
Penicilliaom variable pE

Aspergillus terricolsa PE

Penicillium it{alicum pE

acid .
3.2 - 304

2.0 - 2.2

1-5 - 108

1.8 = 2.0

1.5 - 108
105 - 108

1.9 - 202

alkaline
pH 805 nad 9.2

pI 9.2 ~ 11.2
pE 9.0 - 8.3
pI 9.2 - 11.1
pH 10.1 - 11.1
PE 9.0 - 9.3

pE 9.1 - 9.3

These investigations clearly indicate thai most molds grow

over a wide pange of hydrogen-ion concentrations. The majority of

species are favored by an acid medium and the limits of acidity

reached in ordinary butter are such that the hydrogen~ion concen-

trations, as such, should not be much of a factor in iafluencing

mold development. The nature of the substances bdringing about the
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changes in pE appears to be of mach greaver significance.

3. Light. Altho the general opinion, expressed by
Rogers (108} thet molds developed much better in the dark than in
the 1ight, has been held by most investigators, Kolkwitz {67) and
Maxinow (82) miggested that at times light accellerated the meta-
bolism of fungi. In practise however, butter is kept in packages
ani storage rooms where iight does not gnin dlrect access to it.
Consequently, one wonld not expect light to be much of a factor in

the growtn of molds on dutter.

4., Vitanines. There have veen some investigations into
the effect of growth-stimulating substances such as vitamines upon
the development of molds. Linossier {(77) (78) pointed out that

Oidium lactis, Aspergillus niger, and Penicillium glaucum were

able to grow in pure culture in media lacking vitamines but con-

taining necegsary nutrients. Then the nwirients were reduced great-

1y, the addition of vitamine~corntaining substances such as orange
~juice sometimes stimnlated growth. Lepeschkin {75) reviewed the
literature npon the subject and concluded that vitamines were not
of great imrortance in the natrition of molds.

At any rate, butter ordinarily contains vitamines and
in sufficient cuantities and variety in most cases to satisfy the

slight demands of the fungi.




Species of liolds Isolated from Butter

iiany sgecies of =olds have becn isolated Iram dbulter
but they have not clways beex shown to be the specific czuses of
defects in appesrance, flavor or aroma of such butler. The species
of molds are important factorc inasmuch as one must deternine what
types actually grow in titer even under the most fuvorable con-
ditions. Xany forms encountered when butter is plated nay exist
in Butter only in the form of spores which do not sermingte under
the conditions ezistin.;;; ir the product. Z=very species encountered
should be studied to determine whether or not it can develop in
ordinary batter.

It is not necessary tc present at this time anything
more than a catalog of some of the species that heve teen isolated
from buiter, giving tne species name gpplied by the investigetor
who reported it, and the key number to locate the authority in the
bibliography. In addition attention my be called to the fact
that See (119) described a number of species isolated from paper.
It is possible thal some of these might be encountered on parchment

paper used for wrepping tautier.

Alternarias ep. (22) (139)

Aspergillus sp. (18) (26) {90} (91) {128) (129)

Aspergillus flavus (9)




Aspergilius glancus (113) (129)

Aspergillus niger (19) (62)

Aspergillus oryzae (9)

Botricanas scostan (90) (91)

Botrytis sp. (58)

Chsetomium sp.

Cladosporium sp.

{36}

(s0) {s1) {129] {139)

Cladosporium datyri (62) (63)

Cladosporiua herbarum ({80) (90) (91)

Coniosporiuz sp.

Coniothecium sp.

{26}

(26)

Dematium sp. (70}

Dematium pullalans (80}

Bpicoccua sp.  (22)

Eurotion repens

Zarotica rudram

{68)

(88)

Hormodendrum cladosporioides (12)

sfonilia sp. (83) (90} (91} (986)

#onilia alba (90} (91)

Honilia candida._

Hdoxnilia roseam

iucor sp. {18}
Xacor hiemalis

{90} (s1)
{90} (91}
(22) (53) (56) (58) (90} {31) (105} {139)

(s0) (91}

s s s es = e e e
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focor mncedo {5) (19) (46) (57) (153)

ncor petrinsnlaris (36)

Mocor racemosus {90) (91)

dacor spinosus (36)

lincor sylvaticus {90) (91)

Oidium lactis (5) {8) {22) (;9) {45) {58} (6%) {83} {86)

{87} (88) {89} {90) (91} (96) {100) (105} {113) (133)

(139)
Oidium variicolor (97)

Oospora ruberrima ({111}

Penicilliua sp. {18) (19) (26) (35) (53) (58) (90) (91)

(105) (128) (131)

Penicillium brevicanle (142} {143)

Penicillium chrysogenum (139)

Penicillium crustaceun {53)

Penicilliam expansam {139)

Senicilliam glaucam {5} (9} (19} (36) (39) (40) (45) («6)

(62} (63) (70} {90) {91} (113) (129} {130} (133)

Penicillium olivacean (2} (80j

Penicillium rogqueforti {22} {70) {(139)

Rhizopus arirus (90} {91)

Stemphyliam butyri (93) (123) (139)

Sterigmatocystis sp. (36)

[P —



Stilvacise graphiom {90} {91)

Trichosporium collee (53)

Verticilliom sp. (36)

Holds isolcted from paper. See (119).




PURPOSE OF STUDY

The purpose of the studies reported on subsequent pages
has been to determine the influence of certain factors upon the
growth of molds with special reference to their development in butter.
It has been tne intenition of the writer to investigate some of the
basic considersiions with a hope that the results night offer op-
portunitles for their interpretztion in terms of the complex inter-
relationships of the wvarious factors which appear to be operating
in spchk a valuable and concentrated food product as butter. It
was anticipated that{ many phenomena would appear, to throw light on
some of the perplexing problems at present recognized, and %o serve

as bases upon which further studies might rest.




WETHOD OF PROCEDURE

In the Yegiming, it was necessary to decide what factors
appeared to be most important in their influence upon the growth of
molds, particularly in bButter. It wme theught that these were as
follows: {1) Food sapyly, {2) Moisture, {3) Temperature, (4) Atmos-
phere, axd {5) lliscellaneouns chemical and physicsl factors, especi-

ally the effect of vsrions concentrations of sodium chloride.

Species of ilolds Used in Experiments

In order to have one fixed condition thruout the experi-
ments, ten species of mlds were selected to be used in the studies
to be ondertaken. These caltures were representative of types of
molds which have been found commonly in batter. As a matter of
convenience in the presentation of the experimental date, reference
will be made to them by nomber. These cnlta.resland their corres-
ponding key numbers are as follows:

1. Altemnaria humicols Oudemans

2. Aspergillus flavus Link

S. Aspergillus niger Van Tieghem

4. Yormodemdrum cladosporioides ({FPresenius) Saccardo

5. 1lucor sylvaticus Hagen

6. Oospora lactis var. A. (Fresenius) Lindan




7. Oospora lactis var. B. (Fresenius) Lindaa

8. 2enicillium biforme Thom

S. Penicillium expansum Link

10. BRhizopus nigricans Ehrenberg

The ¥acor and Bhimpds stock cultares were cerried on
potato dextrose azar, the Oospora cultores on whey agar and the
"remainder on Czapek's agar. These media gave the most luxuriant
growth for the particalar species. Inoculations in the verious
experiments were made directly from cultares ten days to two weeks
in age, particalar ca..re being taken to transfer none of the caltare

nediam.

Aethods Imployed in Experimentis

The methods employed for preparing the different sub-

strata, for maintaining the desired temperature, hamidity, etc.,

will be discaesed under the respective wbd.ivisi;ms of the material

preseated.
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Manner of Recording Results

The extent of growth made by the ten species on differeat
substrata and under other varying conditions will be recorded uni-
formly by the following symbols:

Ro visibdle growth
Anestionable visitle growth
Slight, visible growth
foderate growth

Abundant growth

;$I+I+|

Normal growth
Note: Yherever these symbols are arranged in parentheses, they

indicate subsurface growth.

i In & similar manner, the color produced by the cultures
ander the warious conditions will be registered according to the
following =syabols:

% - Ghite

Y - Tellow

G - Green

B - 3lack

Br - Brown

C - Cream




The experimentsl data will be presented under the
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EXPERTUERTAL

following subdivisicns:

A. Food sapply

3.

c.

D.

2. Miscellaneons chemical and physical conditions

1.

Fats and related substances

2. Proteins and related substiances

S. Carbohydrates and related substances
4. liineral constituents

5. Combinations of (1), {2), (3), and (4).
loistare

1. ioisture in substrate

2. Moisture in atmosphere

Temperature
Atmogphere

1. Ordinary

2. Rednced CO,

S. Vacuam

4, Oxygen~free.

1.

Salt content.

=
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A. Food Supply

The primary mqairemeﬁt for the growth of microBrganisas
is a satisfactory food supply. 3Batter furnishes a variety of food-
stuffs, prinecipally fat but also proteins, carbohydrates and mineral
salts in varyirg amounts. Each of these constituents has been stnd-~
ied as a source cf food for the ten species-of molds previously sel-
ected.

l. Fate and Related Substances.

a. Fresh Butierfat.

Jethods. Fresh unsalted butter was melted at a
temperatare of 50 to 55° C. and placed in a warm, separatory funnel.
The curd and water which settled out were drawn off. The fat was
washed five times in the funnel by shaking with it equal cuantities
of water at 60 to 65° C. After each washing, the mixture was allowed
to stand until the layers of fat and water were distinct, whereupon
the water was drawn from the funnel. The washed fat was tempered
to 55° C. and left at this temperature for 24 hours daring which time
it was filtered thru filier paper to remove traces of water. The
filtered fat was tubed in ten cubic centimeter amounts and antoclaved.
When ready to use, the fai was melted and poured into sterile petri
plates and solidified gquickly. Analyses of the antoclaved fat_ showed

it %o be water-free. The cultures were stresked across the surface
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of the fat as uniformly as possible. The plates were placed in piles
on a rack in a humidor consisting of a ten gallon, covered, earthen-
ware crocx in the bottom of which was a one inch layer of water con-
taining sufficient dichloride of mercury to maintain it as a sterile
£laid. The relative humidity, determined b; a wet-dry ould hygro-
meter, was maintained at 100 per cent. The temperature of incubation
ra.ng.ed from 20 to 25° C.

Resulis. - The extent of growth in the Iresh bat-
terfat is indicated in Teble I. After one week the only visible
growth was noted with Cultare 5 * ard it was evident that the devel-
opment was restricted to the point of inocnlation shere sufficient
residnel nutriment mey have been present in the myceliauam inoculated.
At the end of six weeks, Caulture 3 * hed produaced & few black spor-
angia, while Cultare 5 had shown no further increase, rather a slight
diminutior in the mass of growth. A microscopic examination of the
plates after six weeks incubation revealed signs of germination of
the conidia in the case of Cultares 3, &4, 5, 7, 8, and 3, bul very
1ittle hyphal development except in Culture 5 where the mycelium had
develcped extemsively.

b. 0ld Batterfat.

Hethods. The method for preparing the old

batterfat was the seme as that previously described for fresh batier-

* See key on page
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PABLE I

GROWIH OF MOLD CULTURES (i FAESH BUTTERFAT

Bxtent of growth at 20-259C., high humid ity, after
4 days 1 week 2 weeks J weeks 4 weeks 6 weeks 6 weeks

dicro-

scopic
- - - - - - -+
- + + + + + +




L=

fat. Te butter used was unsalted, one month old, and decidedly
cheegy in flavor. The surface wes discolored with spots of mold.
The conditions for inoculation and incubation were precisely the
scme as those for the fresh batterfat.

2esults. As showm in Table II growth was evi-
dent after four dgys in the case of Cultures 3 and 8 bnt again this
development was at the point of inoenlation. Culture 5 produced
a few black sporangia while Culture 8 formed a light green spot. A%
the end of one week, Calture 10 showed slight aerisl mycelium which
disappeared within the following week. Cultare I began to prodnce
a green spot after three weeks. This became deeper in color dwing
the subsequent period. Culture 9 developed a small green sgpot
after the third week. A dark green sireak appeared along the line
of inoculation in the case of Culture 4 at the expiration of the
six weeks incubation period. The mieroscopic exemination indicated
that Cultares 1, 2, S, 4, 8, and 9 had made slight growth during
the trial. In gemeral, the growth on this type of butterfat was

gsomewhat better than that on the fresa butterfat.

c. Batterfat from Washed Cream.

Hethods. Four pounds of 30 per ceni sweet
crean were diluted to three zallons with ordinary tap water and
heated tc 35° C. The diluted cream wus then separated in a centri-

fugal separator. The resultant cream was diluted again in the same
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TABLE 11
GROWTH OF HOLD CULIURRS OF OLD BUTTEZRFAT

Extent of growth at 20-25%C., high humidity, after

Calture 6 weeks
Ro. 4days lweek 2 weeks S weeks 4 weeks 6 weeks lNicro-
scopic
1 - - - +G + +G +
2 - - - - - - +
3 +3 + + + + + +
4 - - - - - +G +
5 - - - - - - -
6 - - - - - - -
7 - - - - - - -
. 8 +G + + + + + +
9 - - - - +G + +
10 - +¥ - - - - -

!
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way, heated, and separated as before. The mrocess was repeated
until the cream had been diluted and separated ten timeg, The cream
that was finally obtained was placed at 12° C. and allowed to siand
overnight. Durinz this period the fat had formed a solid mass
floating above a slightl; cloudy serum. The mixture was heated to
50° C. and placed in a warm separatory funnel. In this way, it
was possible 1o remove the serum.,. The fat was washed five times
with water at 60 to 650 C. Thereafter, it was placed at 550 C.

for 24 hours during which time it was allowed to filfer thru ordin-
ary filter paper. An analysis showed that all water had been re-
moved. The fat was placed In test tubes and autoclaved. +when
desired for use the fat was melted, poured into petri plates and
solidified promptly. The conditions of inoculation and incudation

were the same as those described in tae preceding experiments.

Resanlts. As in the previous experiment, Cnltures

3 and 8 gave evidence of growth after four days, according to the
data presented in Table III. Culture 10 had developed a noticeable
aerial myceliuam during this period bdat as happened before, this
myceliom gradually disappeared. A scaniy aerial mycelium was sent
ap by Culiure 5 after one week but this likewise disappeared after
five weeks. A green streak following the line of inoculation of

Calture 4, appeared at the end of four weeks, while Culture 9 had

e 8 A e e ot i 3 AR R A - 2 g e e v




TABLEIII
GROWTH OF MOLD CULTURES OF BUTTERFAT FRGM WASHED CREAM

Extent of growth at 20-25°C., high humidity, after

Cultare 6 weeks
Bo. 4days 1 week 2 weeks 3 weeks 4 weeks 6 weeks MNicro-
scoplc
1 - - - - - - -
2 - - - - - - +
3 +3 + + + + + +
4 - - * + + G + +
5 - +¥ + + + - +
6 - - - - - - -
? - - - - - - -
8 +G + + + + + +
9 - - - * +G + +
10 +¥% + - - - - +

Check - - - - - - -
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produced a slignt green spot during this same periocd. The amicro-
scopic exaninatioa zede effer six zeeks showed thet Cultures 2, 3,
4, 5, 8, S, and 10 had been z2ble to develop siigixtly near the point

of inocwlation.

d. Batterfat Washed with Alconol.

Iﬁethod.s.. A portion of the fresh bubterfat ased
in the experiment reported ir Table I was mixed with egusl parts of
95 per ceat ethyl alcokol and shaken thoroly. The fat was drawn
off by means of a separstory funnel, placed st 55° C. and filtered
thru paper, after which it was placed on & waterbath to drive off
any remaining sloohol. The final anslysis showed nc traces of
water in the fat. The fat was tobed and antoclaved. ¥Then desired,
it was melted and poured into petri dishes vhere it was solidified.
The fat was inoculated gnd incubated in the same monmer as described
in the preceding experiments.

Besnlts. Teble IV gives the results of the
experiment. Cnltare 4 as before produced a few black sporangia
afier four days. At the end of one week, Calture 5 had sent forth
scanly aerial aycelium but as had happened in the previous experi-
mentsg, this disappeared after six weeks. Cualiure 2 appeared to
grow on this preparation of butterfat and after a period of one

week, a few yellowish-green sporangia were visible. After three

———
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ABLE I¥

GRONTE OF MOLD CULTURES (H BUTTERZAT
WHICH BAS BEEN UASHED WITH ALCOHOL

Extent of growth at 20-25°C., high hamidity, after

Calture 6 weeks
Ho. 4days 1 week 2 weeks J weeks 4 weeks 6 weeks Iicro-
scopic
1 - - - - - +G +
2 - +G + + + + +
3 +G + + + + + +
4 - - - +G + + ++
5 - W + + + - -
. & - = - = - - -
? - - - - - - -
8 - - - - +G + +
9 - - - - +G + +
10 - - - - - - -

;
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weeks, Culture 4 developed to such sn extent that green stresks
ﬁere evidexnt and green spots were produced by Cultures 8 ang 9,
Finally, at the end of six weeks, Culture 1 wac able 0 produce
a8 small, green spot. The microscope revealed rather extensgive
development of Calture 4 and slight mycelial growth of Caltares
1, 2, 3, 8, and 9. Iun general, the growth in the fat washed with
cohol wes slightly better than that observed on the oiher prep-

arations.

e. TFresh Batterfat plus Water.

kethod. The fresh butierfat, as prepared in
the experiment {a) described previously, was used in the trisl.
In order to provide a substzaie in which the fat and water zight be

more intimately associated and in a more finely-divided stzte, a

mediom camtaining l.5 per cent of washed agar was prepared. Fifteen

graans of Bacto agar were placed in a cloth bag which was suspended
in ruming water overnight in order %o remowve some of ithe solable

and finely divided ispurities. After the washed agur had been

" dried at 55° C. it was weighed and sufficient distiiled water added

to meke a 1.5 per cent comcentration of the agar. This became a
substrate which supplied sufficient water bat very 1ittle notri-
ment. Similar batches of this same medium were prepared at various
times, sometimes containing 1.0 per cent and somtimes 1.5 per cent

of agar depemding apon circumstances. This medium was placed in

ety gy e e e e @ i onen S e < om o s
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meagared azmounts in test tubes and autoclaved. Then ready for use
in combinaticn with the f£ai, the sgar and fat were zelied and the
batterfat added to the agar in the proporticns ¢f four parts of
agar to one part of fat. The mixture was shaken thoroly antil the
fat was in a finely-divided state and then poared into petri plates
and cooled on a cold surface as guickly as possible. 7The droplets
of fat werc evenly dispersed thruout the solidified agar. The fat-
azar mixtures were inocculated by sireakins the culbures across the
surface. The plates were stored at room temperature {20 to 25° c.)
for a period of six weeks, at a relative hamidity varying f£rom 60
to 65 per cemt.

Begults. The fact that molds made very meegre
growth on the washed agar substrate is indicated in Table V. The
resulis reported are representative of other lots of this sane
mediam used in later experiments. Very slight growth was obiained
at any time, ani in zost cases it ws barely visible, especially
on the surface altho a slight pemetration of the myceliux below the
surface was noted in soze instances. As shown in Table VI, the
presence of water led to nunch more exteasive growtha of 8ll the
cultures with the exception of Cultures 6 and 7. Cultures 1, 3,
and & grew especially well. It is significant to note that Cult-

ures 8 aud 9 were able to produce a more or less typical odor of

o e

=



TABLE

¥

GROWTH OF :OLD ON 1.3% WASEED AGAR

Extent of growth at 20~25° C., ordinary hamidity, after

Culture .
Ho. 4 days
1l +w
2 +
S +
4 +
5 +W

: . )
7 -
8 hg
9 X

10 +

Check -

1 week.

2 weeks

S weeks 4 weeks 4 weeks

Miero-
scopic
+

-+

+




2ABLE VI
GROWTH OF MOLD OF 1.55 WASHED AGAR PLATES
¥ITH FRESE BUPTERPAT ADDED
{4 arts of agar medinm: 1 part of butterfat)

Extent of growth at 20-250C,, ordinary huomidity, after

Culture 4 wedks
Xo. 4 drys 1 week 2weeks 3 weeks 4 weeke Micro-
scopic
1 +¥ +7 +G ++ ++ +
2 - +1 +1-G + + +
5] +3 -++B + ~+ + +
4 *> +G ++ ++ ++ +
5 + + + + + +
6 - - - - - -
7 - - - - - -
8 - (=) +G + + + +
9 - (=) +5 + + + +
10 + + + + + +
Check - - - - - -
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Roquefort cheese before there were zny signs of visible growth.

f. 01d Baticrfat plus Vater.

Zethods. The procecdure was the saze as that
Just descrided under (e} with the exception that the o0ld dbutterfat
prepared for experiment (b; was employed.

Results. The growth of the molds on oid batter-
fal was increased when water was present, ss the data in Table VII
indicete. The development of Culiares 1, 3, and 4 was particularly
good. Cultures 6 and 7 failed to grow. It ooy be noted that the
Rogunefort cheese odor which appeared in the fresh batterfat with
water in the cese of Caltures 8 and 9 was not evident in the old
butterfat-water aixtare.

8. Alcohol-extracted Bubtterfal plus Water.

dethods. The method of prepsring the subsirate
was the same as that described previously in (e} except that the
batterfat washed with alcohol ({see experiment {d) preceding) was
used. The methods of inoculation =nd incaobation were the same as
those followed in experiment {e).

Results. The growth of Cultures 1, 2, 3, and 4
was quite extensive as shown in Table VIII. As before, caltures
6 and 7 did not show any signs of development. The Rocuefort cheese

odor was apparent in the case of Cultare 8 at the end of four days.

RSO PR S
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FABLE VII
GROWTH OF HOLD OF 1.5% BASHED AGAR PLATES
WITH OLD BUTCERFAT AIDED

(4 parts of agar mediom: 1 part of batterfat)

Extent of growth at 20-25°C., ordinary hamidity, after

Culture 4 weeks

Fo. 4 days 1 week 2 weeks O weeks 4 weeks Micro-

scopic
1 + + ++G ++ *+ +
2 - - +I-G + + +
S +3 ++ ++ ++ ++ +
4 x ++G ++ ++ ++ +
5 +¥ + + + + +
é - - - - - -
7 - - - - - -
8 - - +G + + +
S - - +G + + +
10 +F + + + + +

f




TL3LE VIII

GROYTI OF MOLD ON 1.5% WASHED AGAR PLATRS

¥ITE ALCOEQL EXTRACTED, BUTTERFAT ADDRD

(4 parts of agar mediom: 1 part of mtterfat)

Extent of growth at 20-259C., ordinsry hnnidity, after

Culture
Ho. 4 days 1 week
1 + +
2 +X +1-G
53 +3 +
4 b ++G
5 +¥ +
6 - -
7 - -
8 I
9 - +G
10 +¥ +
Check - -

{*) Roguefort odoxr.

++G

S

+

++

I S

+

++

S

+

4 wecks

2weeks Jwecks 4 weeks Hicro-

scopic
4+

+




In general, the growik was practic=lly the same as when water was

added to the fresh and old butterlsats.

h. 0.5 per centAqueous Bmalsion of liilk Lecithin.

. ethods. L highly purified lecithin obtained
from milk dy Dr. ¥%. E. Petersen and Dr. L. !l Thurston of the ifinn-
esota Agricaltural Experiment Station was emulsifiec by thoro
shaking in water. It produced a stable, milky emulsion which was
tubed and satoclaved. After sterilizatiom, a flocculent precipi-
tate wms formed dut it remained uniformly suspended efter cooling.
The emulsian was inoculated from the various cultures and left at
room temperature {20 to 25° C. for s period of three weeks, at e
relative humidi ty of 60 to 65 per cent.

Results. Table IX gives the results obtained
with this emulsion of lecithin. Vith Culture 3, a while mycelium
and a few black sporengia appeared on the walls cf the tube just
above the surface of the Iiguid after three days. Cualture 8 pro-
duced a good, green surface growth at the end of one week. Cultures
1, 2, and 9 produced white rings near the swrface of the solution
after two weeks but at the end of three weeks were growing reason-
atly well on the surface. All of the caultares showed subsurface

mycelial development, which was especially good in the case of
Culture 10. Unquestionably lecithin was a fairly good s urce of

food for these species.




Caltare
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10
Check

PABLE KX

GRO¥TH OF MOLDS IN 0.5% AWROUS SOLUTION

OF KX LECITHIN

Extent of growth at 20-259C., ordinary humidity, after

S days

+ %2R

1l wedk

2 weeks

+ (4}

+%¥ (+)

+

(+)

+G {+)

(+)
{(+)
(+)

++ (+)

=

{+]
(+}

S weeks
++G (++)

+Y G {+)

+3 (+!

+GC (+)

(+}

{+]

{+}
{+}
(+)
{+)




1. 0.5 per cent Acneouns Emulsion of iilk
Lecitkin in 1.5 per cent Washed iger.

Hethods. A portion of the sterile lecithin
emulsion, prepared eccording to the methods deseribed in the pre~
ceding trial, was added to an eqnal amount of nelted sterile, 1.5
per cent washed azar made up in five cabic centimeter amounts in
test tests. After thoro mixing, the medium was slanted. The agar
slents were inocalated over the surface in the usual manner. The
tabes were incabated st zoom temperature (20 to 25° C.) for three
weeks at a relative humidity of 60 to 65 per cent.

Results. It will be noted in Table X that
growth began promptly in all cases, and became practically normal
ter three weeks with the exception of Cultures 6 and 7 which
elready have been shown ¥o do very poorly on fat or fat-like sub-
strata.‘ The development of the cnliures was mach dbetter upon the

s0lid medium than upon the fluid preparation.

Je 1 peb cent Glycerol in 1.5 per cent washed

Agar.
Hethods. Chemically pure glycerol was added

to melted, sterile, 1.5 per cent washed agar in amounts sufficient
to make a 1 per cent solution. This mixtare was tubed, suntoclaved
and slanted. The usnal agar stroke was made with each calture.

The cultures were then placed in s hamidor which consisted of s




PABLE X

GROWTH OF 2OLDS OF 1.0% WASHED AGAR SLARTS %ITH 0.5%

AQUECUS SOLUTION OF IILX LZCITHIN ADDED : !

{Zqual parts of agar medium and lecithin solution)

Extent of growth at 20-25° ¢c., ordinary humidity after

Cultare .

No. S days 1 week 2 weeks S weeks

1 ++¥ ++G +++G +++

2 +W ++Y +I G ++ |

S +W +Y +B ++

4 +% +G +++G +++

5 ++¥ ++ +++W-B 1+

6 +¥ + + +

7 +¥ + + +

8 +¥ + +G ++

9 +¥ + ++4G 4+ ;
10 ++W +++ +++¥-B +++ |
Check - - - -
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covcred ten gallon metal churn, ecaiped with a false, perforated
bottom, under whick was placed a quantity of water to which bichlor-
idec of mercury had been added to meintain the sterility of the
water. The relative hunidity was meintained at 100 per cent. The
temperature of incubation was 20 to 25° C. and the estorsge period

three weeks.

Results. Table XI gives the resalts of this

experiment. It will be observed that Calsures 2, 6, 7, and 10
showed some visible growth after three days. Yith the remsinder,
growith vecame noticesble after one week. IHowever, none of the
cultures exhibited any further surface growth, with the exception

of Culture 2 which had dev:loped quite extensively after three weeks.
The significent result was the extensive sdbsurface growth of nearly
all cultures. This subsurface development in most cases was anch

more marked than the sarface growth. Vultares 1 and 4 produced

remarkable dark green subsurface mycelium. This same phenomenon
appeared in agueoms solutions of glycerol, studied in preliminary

gnreported itrialse.

k. 1 per cent Butyric Acid in 1.5 per cent
Washed Agar.
Nethods. Purified butyric acid was added to

measured amounts of tubed, melted, sterile, 1.5 per cent washed
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agar mediun in cunantities sufficient to make a 1 per cent solution.
These tubes were shaken thoroly and slanted. After inoculation the
cultures were placed in a metal humidor (described previously) at
20 to 28° C. for a period of three weeks, and at a relative humidity
of 100 per cent.

Results. Table XII reveals the fact that the
cultures under investigation were mnable to develop in this concen-~
tration of butyric acid. This is in agreement with the resulis of

preliminary stuodies.

1. 1 per cent falmitic Acid in 1.5 per cent
%ashed Agar.

XMethods. »Purified palmitic acid was added in
a sufficient guantity to a sterile, melted 1.5 per cent washed agar
mediom to mske a 1 per cent concentration. After warming the aix-
ture in a steam bath antil the palmitic acid melted, it was shaken
thoroly and placed as quickly as possible in sterile tubes. The
tobes were rotated thoroly so that the acidwas fairly well dis-
persed and the mediom solidified as quickly as possidble in a slanted
position. The acid hardened on the surface in areas ranging from
0.1 mm. to 5.0 ma. in diameter with egqual areas of clear agar be-
tween them, while the mlk of the medium was clear. The inoculations

were made over the surface in such a way that the cultares covered
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TABLE IXII

GROTTH OP MOLDS 03 1.5% WASYSD AGAR CORTAIBING 1% BUTIRIC ACID

Caltare
Ho.

()]

N o

10

Check

Ixtent of growth, at 20-25° C., high humidity, afier

S days 1 week 2 wveeks S weeks




representetive areas of the solidified scid. The tubes were incu~-

bated ander the same conditions prevailing in the previous experiment.
Results. The growth on the mediunm containing

pelaitic acid as thé source of anutriment was fairly good, as shown

in Table XIII. All cultures exhibited some surface growth which

was much better than that obtzined on the agar checks. The remark-

adble feature of this series, however, was the exiensive development

of Caltures 1, 2, 4, 5, 6, and 10 below the sarface. The gyceliam

grew directly away from the surface of the slants and in the case

of Cultures 1 and 4, the hyphae were dark green in color.

m. 1 per cent Stearic Acid in 1.5 per cent
VWashed Agar.

ldethods. The 1 per cent concentration of stearic
acid in 1.5 per cent washed agar substr;ate was prepared in the
same manner as the preceding mixture of palmitic acid and ggar.
M™e emulsion obtained in this case, however, was more uniform. The
medium tecame very cloudy. The inocalation and incubation conditions
were idertical with the foregoing {k) and (1].

Results. Table XIV glves the results of this
experiment. The only surface developmeni observed in this mediom
occarred with Culture 1 where a small area of growth appeared about

the point of inocunlation. The medium was so opaque that it was
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TABL3 ZIUI

GROZTE OF MOLDS (K 1.5% WASHED AGAR CORTAINING 15 PALKITIC ACID

Zxtent of growth, &% 20-25° C., high hunidity, after
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PABLZ XIV
GROWTE OF 0LDS 0F 1.5 WASHED iGAR CCNTAIITIC 1¥ STRARIC ACID

Extent of growth, at 20-25° C., high hunidity, after

Calture
¥o. S days 1 wesk 2 weeks S weeks
1 +¥ + +%=0 +G
2 - - - -
3 - - - -
4 - - - -
5 - - - -

s ) ) i )
? - - - -
8 - - - -
9 - - - -

10 - - - -

Check - - - -
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inmposgsible tc determine vhether any subsurface growth had tzken
place.
n. 1 per cent Qleic Acid in 1.5 per cent

Vae.shed Agar.
lethods. Purified oleic acid was nmeasuared into

definite amounts of sterile melted 1.5 per cent washed agar medium
in tubes so that the concentfation of acid was 1 per cent. The

. mixture was shsken thoroly and solidified as qnickly as possidle

in g slanting 'position. The oleic acid appeared On mé sauxrface

in clear droplets, approximately 1 mm. in diameter and close togeth-
er. The conditions of inoculation and incubsation were exactly the
same as those used in the three precedijng trials.

Besults. As indicated in Table XV, the growth
on this substrate was better than that obteined on media containing
any of the other acids commonly found in dbatterfat. Surface devel-
opment was cuite good in all excepting Cultures 3, 6, 7, and 8. The
satsurface gmycelium was remarkadbly heavy, €specially in Caltares
2, 3, 4, 7, and 9. Cultures 1 and 4 produced their characteristic

dark green hyphae in the depth of the medium.

2. DProteins and Related Substances.
a. 1 per cent Aqneous Solution of Peptone

Methods. A 1 per ceunt solétion of Bacto peptone
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TABLZ XY

CROTTE CF MOLDS CF 1.59 TASTED AGAR CORPAINIEG 19 OLEIC ACID
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was prepared in distilled water, tubed and autoclaved. ‘"he peptone
solution was inoculated in the uvsual manner with each of the cultures.
Tne tubes were incubated uynder cocnditions identical with those
employed in the preceding experiment.

Results. The growth of the cultures began
promptly in this solution as indicsted in Table XVI. At the end of
one weex, the development of a11 cuitures was good, and in soxme
cages perfectly normal. VThile some subsurface development was

noted, it was not nearly as extensive as that upom the sorface.

be Curd Portion of Butter.

liethods. ‘Fres‘::, unsal ted dbutter was melted at
60 to &5° C., and placed in & wera separstory fumnel from which
the so-called curd was withdrswa vith ease, as it settiled below
trie melted fat. This curd, which consisted principally, of pro-
tein, was tubed and auloclaved. The waler content was 86.3 per cent.
The curd was inoculated with the test cultures. The tnbes were
placed in a humidor {as deseribed under the preparation of fresh
dutterfat), where the relative humidlity remained at 100 per cent
daring the svorage period. The temperature of incubation was 20

0 25° ¢C.
Besults. The growth of all mltuares, excepting

Cualtures 1 and 8 became visible wi thin three deys, ag is shown in

Table XVII. At the end of one week, the development was practi-

ey = o e 2 e
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FABLZE IXVI

C20YTE OF #0LDS I¥ 15 AQUECTS SOLUTION OF PEPRONZ
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cally normal. The growth reached a maximnm after two weeks ard
farther incubation resaulted in no noticezable changes. It will be

noted thet growth wes Yotk rapid arnd luxnriant.

C. Dialyzed Curd from Butter.

¥ethods. A portion of the cu.rd obtained by
the method outiined ir the previoas experiment was placed in a
collodion sac and dialyzed in distiiled wmater for 24 hours. it was
then tubed and autoclaved. The finsl preparation contained 89.3
per cent water. The conditions of inoculation and :i.ncu.'bs.tim were
identical with those employed in the previouas trial.

| Besnlts. The growth of the molds did not

" commence as promptly as it did on normal cuxd preparations, as
indicatéd in Table XVIII. After fowr days, however, the growih was
marked and it reached a maximom after one week. In general, the
development was not quite as vigorous as that observed on untreated
card.

d. Washings from Cream.

Methods. The sera (obtained from the successive
washings of creaa as explained in s previoas experiment) were
collected after each separation, tuobed and autoclaved. The first,

third, sixth and tenth rinsings were selected for this purpose. The

.
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2ABLE XVIII
GROWPR OF HOLDS OF DIALYZED CURD FRG{ BUPTER

Zxtent of growth at 20-25°C., high humidfty, after

Calture
Ho. 2 days 4 daye 1 week 2 wecks
3 - +++G it Tt
2 +T +++I G +++ e+
S +T ++++B Tt i+t
4 +H+G +r++G S aazd e
5 ++v +++4% B e i+
6 - +% ++ +++ +r
? +¥ +*+ + +
8 - +++G Tt ++r
g - ++G i ++v
10 . +5 +++% B i it
Check - - - -




first washing gppeared quite =milky, resembling diiuved skimmili.
The tenth washing was pragtically clear. The washings were imocu-
lated in the asuxl manner with the verions cultures. Tne tubes
were kept at 20 to 25° C. for one week, at a relative humidity of
80 to &5 per cexnt.

Rgeults. Pable XIX gives the results obtained
when the washings were incculated with the test cultares. Growth
was practically normal in the ssrum from the firzt washing safter
one week with the exception of Cultures 6 and 7. In the third
washings, Caltures 1, 8, and 9 were the only ones bo show any devel-
opment and this wac rather scanty. Culture 1 was able i0 grow on
the sixth and tenth washings wnile none of the cthers produced any
visible growth vita tne exception of & slight development of Caliure

8 on the tenth washing. It was very apparent that mosi{ of the nutri-

ents must have been removed from the Cream by the eariy washings.

3. Carbohydrates and Related Substances
a. 1 per cent Agueous Solution of Lactose.
Methods. A 1 per cent agueous solution of
chemically pure lactose was prepared in distilled water, tubed and
antoclaved. The tubes were inoculated in the usnal manner and

kept for three weeks at a temperature of 20 to 25° C. and & relative
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TABLE XXX
GROWIH OF HOLDS QH WASHINGS FROM CREAY

Extext of growth at 20-259C., ardinary hamid ity
Cultunre 1st washing 3rd wasking 6th washing 10th washing
Fo. S dsys 1l week 3 days 1 week 3 days 1 week 3 days 1 week

1 ++++G + *+ + + + +
2 ++YI it - - - - - -
S - ++B - - - - - -
4 G et - - - - - -
5 +H+¥ i+ - - - - - -
6 - +¥ - - - - - -
7 + + - - - - - -
8 ++4+G et +G +G - - - +C
9 +G et +G +G - - - -
10 T - - - - - -
Check - - - - - - - -

ZOT3: All cultures on 3rd, 6th and 10tk washings
showed slight sad-surface growths.




homidity of 100 per cent, in the metal humidor previously described.

Results. Table XX indicates that the ornly

signs of growth afier four deys incubation took place in the depth

of the licuid or domward‘from the surface where the conidia floated.

At the end of one weck, feeble surface growth was znoted with the

exception of Cultares 6 and 7. The subsurface development was some-

what more extensive. After three weeks, Cultures 1 and 8 had sent
up considerable mycelium from the surface, but at the same time the
subsurface growth was equaliy good. In general, the development in

the lactose solution was not marked at eny time.

b. 1 per cent Solution of Lactose in 1.5 per
cent Vashed Agar.

lethods. One gram of cheaically pure lactose
was added to 100 cubic centimeters of 1.5 per cent washed agnr, and
the mixtore tubed antoclaved and slanted. The usanal inocalations
were made and the tubes incubated under the conditions described
in the previous trial.

Results. The sarface growth was very sligpt
ever after three weeks incubation as shown in Teble XXI. Subsurface
development in most cases was quite narked. Cultures 1 and 4 pro-~

doced dark green mycelium which penetrated deeply into the solid
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GROYTE OF EOLDS IX 1% AJUR0US SOLUTIOT OF LACTOSZ

Extent of growth at 20-25° C., high humidity, after
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TABLE XI
GROWTH OF iOLDS ON 1.5% €ASHED AGAR CONTAINING 1 LACTOSE

Extent of growth at 20-25° C., high humidity, after

Calture
¥o. 3 days 1 week 2 weeks 5 weeks
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medium, at right angles with the side walls of the tube. This is
illustrated plainly in Plates I and 1I. TPhe growth resembled that

obtzined on solid media containing glycerol.

c. 1 ger cent Laclic Acid in 1.5 per cemt

Washed Agar. .
ilethods. Purified lactic acid was added to

measured quantities of sterile, melted 1.5 per cent washeu agar in

tabes, in snounts sufficient to make =& 1 per cent solution. After
thoro mixing the tubes were slanted. The slants were inoculated in

the asual manner and incubaied at 20 40 25° C. for three weeks in

a metal humidor {described elsewhere) where the reletive humidity
was maintained at 100 per cent.

Results. The results of this trial are given

in Table XXII. It will be noted that Caltures 3 and 4 made moderste,
Caltores 1, 2, 8, 9, and 10 slight, and Caltares 5, 6, and 7 no
growth in this med.ixi:n. The subsurface development was mriicalarly
good in the case of Cultures S and 8. Culture 4 sent dark greem
hyphae into the depth of the medium. Vhere growth appeared, it was

better than that obtained on the pore agnr substrate.

d. Diffuasate from "Curd™ of Butter.

Methods. The d iffusate obtained in the dialysis
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of the curd from butter, 28 explained in previoms pages, was tubed
and antoclaved. ‘the diffnsute contained 99.7 per cent of water

and 0.00238 per cent cf nitrogen, at the time cf iroculation. It
was inocalated and kept at 20 to 25° C. for three weeks in z humidor
at a relative humidity of 100 per cent.

Results. Table XXII1 gives the resudts of this
experiment. It will be noted that growth commenced prompily except
with Culture 7 which did not produce visible mycelium until the
second week. Cultures 2, 3, 5, 6, 8, and 9 reached the point of
maximom development after four dsys. The growth of Cultures 1, 4,
and 10 became especial ly luxuriani. Apparenitly, the food materials
were readily awvallable as evidenced by the prompt growih but were
80 rapidly atilized by certain of the culiures that the development

reached an early maxinum.

4. Hineral Salts
a. ¥ilk Ash in 0.75 per cenl Aqmeous Solution.
ilethods. One pint of fresh skimmilk was evap-
orated to dryness over a water bath, the residme incinerated ir &
maffle furnace and the agh recovered. A 0.75 per cent agueous solu-
tion was prepared, tubed and antoclaved. The iroculated tubes were

incuobated at 20 3o 25° C. for two weeks, at a relative hamidity of

- e on
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60 to 65 per cent. At the end of two weeks, a cubic ceantimeter of
sterile skdnmilk was added to each tube to determine vhether the
caltures werc in a viable condition.

Results. As shown in Table XX1V, no growth oc-
carred with most of the cultures. There was a slight subsarface
mycelium in the case of Culture 10, and a barely visible develop-

ment of Culture 2. Three days after the sterile milk was added,

excellent growth was obtained from 211 except Cultures 2 and 7,

b. Milk Ash in 0.75 per cent Agueous Solution
Yeutralized with Hydrochloric Acid.

Hdethods. The solution of milk ash prepared
according to the method outlined in the foregoing experiment was

neatralized with hydrochloric acid. The methods of tubing, steril-
izing and inocalating and the conditions of incobation were identical
with those followed in ithe previous trial. .
Besults. It will be noted from Teble XXV that
fairly good growth took place afier four days in the case of Cultures
1, 8, and 9, while Cultures 2 and 3 showed scaniy mycelial develop-
ment. At the end of two weeks all cultures exhibited some degree
of growth, excepting Cultures 6 and 7. Cultures 5 and 10 however,
produced only sabsurface mycelium. The addition of sterile milk

showed that none of the cultures had been killed; all grew well in
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?ABLR KXV
GROWPH OF MOLDS QN 0.755 AQUECUS SOLUPION

OF ¥IIX ASH
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three deys, with Culture 7 essin the least active.

5. Combinaiions of Varioas Foodstuffs.

a. ZImnlsion of Batterfat, iiilk ILecithin and water.

Methods. Five parts of old, sterile butterfat,
prepared accoﬁing {$0 the methods descrided in earlier experiments,
were mixed thoroly with one part of a 1 per cent sterile, aiueous
emulsion of lecithin, aud the aixture poured into vetri plates.
Tnese plates were inoculated by streaking the cultwr es across the
surface and were incubated at 20 to 25° C. for three weeks, at a
relative humidit; of 100 per cent in vhe earthenware humidor srev-
iously described.

Results. The growih on the mixtore of tatterfat,
lecithin and water was not much better than that obtained on fat
alone, &s is clearly demonstrated in Table XXVI. Qultare 1 begen
its development pro:ptly and showed the best growth., Cultures 3

and 4 produced a scanty but visible sarface growth.

. vterfat plus Dry ililk Ash.

lfethods. Some of the 0ld butterfat used in
previous experiments was melte., poured into petri plates and solid-
ified promptly. Dry milk ash was sprinkled freely over the sarface.

The cultures were stresked across the surface in such a way that
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GROTTI OF KOLDS OF BULSIOX OF BUETZRFA? IN PEPRI PLATES
WITH 15 AQUZOUS SOLUTION OF MILX LECITHIN
{5 parts of butterfat:; 1 pert of lecithin

solction)

Zxtent of growth at 20-250C., high hamidity, after

Caiture
Ho. o deys 1 week 2 weeks S weeks
1 + + * ™
2 - - - -
5 - - - +B

4 - - - +G
5 - - - -
6 - - - -
7 - - - -
8 - - - -
9 - - - -

10 - - - -

Check - - - -

[ ———



~94-
they came into contact both with the ash and the fat. The plates
were incubated for three weeks in the eartnemware humidor at a temp-

eratare of 20 to 25 ° C. and relative humidity of 100 per cent.

Results. Table XXVII gives the results obitained.

The growth was somewhat better than that secured on pure batterfat.
Visible mycelium was observed in the cese of Cultures 1, 2, 3, 4, 8,
and § after taree weeks incubation. Cultures 5, 6, and 7 showed
no signs of development when the plates were examined cnder the

microscope, while cultare 10 gave evidence of the germination of

some of the conidias and abortive aycelium.

c. Mixtares of Butterfat, iiilk Ash and Water.

Hethods. Two parts of sterlle fresh butiterfat
and one part of milk ash (prepared in accordsnce with methods preve
iously described) were mixed thoroly and mdded to four parts of a
sterile melted, 1.5 per cent washed sgar medium. The miximre was
shaken thoroly and poured into petri pla.tes.- After it had becoxze
bhard, the caltures were sireasked across the surface. The plates
were incobaised for four weeks, at s temperatare of 20 o 25° C. and
& relative humidity of 60 to 65 per cent.

Results. Table XXVIII indicates that growth
began within a few days and increased d ightly during the period

of four weeks, with the excepiion of Cultures 6 and 7. Cultares 1,
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TABLE X@IXVII

GEWTE (F HOLDS Ox BUITERFAT I¥ PETRI PLATES

WITH HILX ASH SPRINKLED OVER SURSACE

Extent of growih at 20-25°C., high hamidity, after

Calture S weeks

Ho. 1 week 2 weeks S weeks Hicro-

scopic
1 +% +G ++G +
2 - +1 G + +
S ++B ++ ++ '+
4 - - ++G +
5 - - - -
6 - - - -
7 - - - -
8 - - +G +
S - - +G +
10 - - - -

PP VPSR
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TA3LE XIXVIII

GROETE OF 10LDS OF 1.5% WASHED LGAR PLATES WITH FABSH
SUTTERFAT, AND SATUBATED SOLUTION OF KILK ASH ADDED
{4 parts of agar mediam: 2 parts of butterfat:
1 part of ash solotion)

Extent of growth at 20-25°C., ardimary homidity, after

Caiture 4 weeks
Bo. 4 dzys 1 woek 2weeks J weeks & weeks Micro-
scopic
1l + +G +G ++ ++ +
2 +Y ++ + X G ++ ++ +
-3 +3 +~ ++ ++ x4 +
& +G ++G + -+ ™~ +
5 +¥% + + + + +
& - - - - - -
7 - - - - - -
8 7 +% +G + + +
9 + +G + + + +
10 +% + + + + +

g
w
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]
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2, 3, and 4 made the most noticeable progress in this medium. The
microscoplic examination failed to show any signs of germination of
the conidia frox Cultures 6 or 7; the failare of these cultures to
grow on fats, minerals or combirations of the two subsiances has’

been a regular phenomenon.

d. Agpeous Solution of Lactose and Peptone.

Zdethods. A solution ccntaining 1 per cent Bacto
peptone and 1 per ceni chenic:lly pure lectose was prepered in dis-
tilled water, tubed and antoclaved. A;-Pter inoculation the samples
were incobated at 20 %o 25° C. for three weeks in the metal bamidor
previo(;.sly described, and where the humidity was maintained a2t 100

per cent.
Results. Table XXIX shows that 211 the cul tures

grev rapidly in the r.ed:.a and soon reached a ncrmal state cf devel-
opment as was the case with the peptone alone. The ondy effect which
the lactose seemed to exert =as an increase in the amount of subsur-
face mycelinm. The protein sppeared  be the more resdily utiliged

sabstance.

e. Hiztore of Lactose and Peptone in 1.5 per
cent Fashed Agar.

Hethods. Sufficient lactose and peptone were
added to a 1.5 per cent washed agar medium to give a 1 per cent

concentration of each of them. This aixture was tubed, autoclaved
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'25313 XX

GEOWTT OF 70LDS IN AGUECUS SOLUTIOE COXTAINING 1% LACTOS3E AND 15 PEDTCER

Zxtent of growth, at 20-25° C., high hamidity, after

Calture
Xo. S days 1 week 2 weeks S weeks
1 ) +eg (] G 7] s (7]
2 s (%) ¥ +++T-Br +H+Y-Br
3 PN gp 1) erep ) rrap *)
4 G ] e () g 7 g V)
5 g () % () g (¥) ey UF)
6 wx (e (41) iy ) TN G
? () e L () o ()
8 wr e e g )
9 M e ) s (¥ o ()
10 v P  male) +;.++:‘;.B("')
Check - - - -

o



-99-

erng sianted, The slantz werc inoculated on the smrfuce in the usual
manner, The tubes were Incaubated under the same coandlitions =23

those described in the previous experiment.

Zesults. It will be observed in Table XXX that
excellent growth was obtcined in this medimm. In contrast with the
lactose~washed agar mediun, the surface growth was predominant altho
some subsurface mycelium was produced, <he conbrast between the
growsi. upon the lactose-peptone-washed agar and the lactose~washed
agar is shown cleerly in Plates I and II. vwhen lactose was ihe
main source of food, tite mycelium of the molds studied seemed prefer-
ably io penetrate into the depin of the mediun, dbut when a nitrogen
compound, such as peptone, wes availeble st the same time the growth

became characteristically concentrated on the surface.

£. Sterile, Unsalted Butter.

ilethods. A samrcle of fresh 30 per cent crean
was z2xtoclaved end churned in e sterile Dazey churn, washed with
sterile water and worked with sterile paddles. Small pieces of
this butter were transferred to sterile test tubes and allowed to

harden overnight in the cooler. Af¥er inoculation by sitreaking the

cultures along the saurface, the tubes were placed in a humidor at a
temperature of 20 to 25° C. and a relative humidity of 1CO per cent,

for three weeks.
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TABLE <saa

Zxtent of growth at 20-25° C., high hamidity, after
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Results. The growth of the culitures upon this
combiraticn of all of the foodstuffs previously studied is described
in Pable AXXI &nd illustrated in Plate III. The most extensive devel-
opment was noted in the case of Cmliures 1, 3, 4, 5, 8, 9, and 10.
The butter was discolored io the greaiest extent with Cultures 1
and 4. Culiure 2 showed slight visible mycelinn and a few yellow-
igh-green gporangie. o visidle growth of Caltwres 6 or 7 was ob-
served. The unselted butter a_peared % furnisi axsple food for the

growil: of the mgjority of Hie cwibures studied.

B. Hoistuore.
The influence which moisture has npon the growin of molds
may be considered from $wo stundpoints, namely, the moisture contaimed

in the substrate iiself and the moisture carried by the aitmosphere.

1. Xoisture in Substrate.

It has been shown in experiments repcried in the previous
pages, that the presence cf watcr facilitates the growth of molds
on butterfat. Inasmuch as butter conteins a considerable percent-
age of water, especially in intimate essociation with the most useful

foodstuffs contained ir ithe butter in the Hrm of droplets of bat-

cr

ermilk, it was no! considered essential to investijave the infiu-

ence of water of constitution upon the growth of molds, further
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FABLE IXXI

GRO®TH OF MOLDS ( STZRIE, UNSALTED BUTTRR
Extent of growth at 20-25%., high humidity, after

Cultare

Bo. 4 days 1 week 2 veeks S weeks
1 .- e 3 e
z‘ - - +Y G +
S . +B ++3 ++ +++
4 +G +-H-G +é -+
5 W +~¥ B ++ ++
6 - - - -
7 - - - -
-8 - G ++ e
9 +G | +H+G A aad *t
10 - +G +++% B +++

Check -
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Typloal Appearance of Growth of Test Cultures on Unsalted

Butter.
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Than tazt reported in srevious or subsequent pages in connection
with other factors.
2. Moistare in Almosphere.
a. ZEffect of Humidity uson Growth of ifolds
on Tnsalted 3atter.
dethods. Swest cream, tesiing I5 per cent

f2 % was autoclaved, cooled and churned in & sterile Dazey churn.

The dutter was washed with sterile water, worked with sterile paddles,

duae precautions being taken to prevent contamination. Small blocks
of the finished butter were placed in sterile petri ;lates and

held overnight at 0° C. in order o harden the butter. Tne follow-
ing day the culiures were streaked over the surfaces of the saaples.
Tne plates were kxept 2% 10 %o 12° ¢. for six weexs, one set in a
metsl hunidor (previously describded) at a relative huamidity of 100
per cent, the oth.e;* set In the ladoratory at g relative numidity of
70 to 75 per cent.

Results. The comparison between the growth of

the molds on the samples of vatter kept et different humidities is
snowa in Table IXXII. A‘E the end of six weeks, none of the butters
xept at the lower humidity gave any evidence of growth. In the
samsles kept in an atmosphere ssturated with moisture, Cultaores 1

and 4 prodnced dark green smndgy areas which spread some distance

1

S



Caltare
No.

o o»

[+2]

10

Check

EFFECT OF HUZIDITY UGPOK GROWTH OF 1i0LDS  IBOCULATED

1 week
Dry Humid
- +Y
- +

TAB

LE

2XX11

OF SCRFACZ CF STZRILE UNSALTED BUTTER
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froa the line of inoculaticn; Culture 5 showed delicate, white,
aerial threadc of mycelium, beariny smoky-grey and dlack sporungia;
Culture 6 produced a slight, white felt-like mass; Caltures 8 and 9
formed white and green spots scattered over the surface and zlso
gsave 1o the butter £ distinctly Roguefort cheese odor; while Cunltare
10 developed a scanty, white merial mycelium. There were no signs
of growth with Cultures 2 and 3. It will be pointed out later that

these cultures do not grow well at 10° C. and for this reason did

nov develop on the samples studied in this trisl.

b. ZEffect of Humidity upon ithe Growth of Molds

on Unsalted Butier Chu.fned from Inoculated Creanm.

~ Hethods. Eleven lots of sweet, 40 per cent
cream were placed in Erlenmgyer flasks and autoclaved. When they
were cooled they were inoculated with the cultures beiny situdled,
except onc lot which wes held as a check. he inoculasted creams
were allowed to stand at room temperature (20 to 25° C.) for foar
days after which they werc placed at 0° C. mniil cooled saufficient-
ly ‘o churn. During the four dgys, all of the ealtures hac grown
extremely well and covered the surface of the cream with a deep
layer of mycelium bearing the characteristic fruiting bodies. =ach
lot of cream was churned in a sterile Daszey churn, washed with

gterile water and worked with sterile paddles under careful condi-

i

e aahag ahrcaimn m———t e
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tions., ?2ieces of the felt-like nass formed by the mycelium were

removed as fsr as possible from the butter. Small blocks cf the

butter were placed in petri plates. One cubic centimeter of water
wag placec in ezch of the plates of one set of samples snd repien-
ished daily while the other set was left without the addition of
water. th lots were incubated at 20 to 25° C. for six weeks.
Resalts. It may be noted from Table XXXIII
that some of the samples maintained at low humidities showed the
growth of mold after one uvr two weeks buit in most cases the devel-
opzent upon the samples at higher hamidities gave evidence of nore
favorable growing conditions. Calture 4 became clearly visible
after one week under both conditions and produced & very dark green
ému.dge and surfece spots. A delicate, white web of mycelium was
formed by Culture 2 on the dry sem>les, but bright yellowish-green
sporangia cn the btuitter well supplied with moisture. Culture 8
producec white spots under voth conditions. There were no visitle

signs of growth in the case of Caultures 1, 6, 7, and 10.

C. Temperatare.

‘the fact that tempernture has a profound eff:ct upon the

growth of microSrganisms is gemerslly appreciated. Zach =mpecies has

its aminimua, optimam and maximum teaperatures which vary with the




-108-

TA3LE XXXIII

EFFECT OF HOMIDITY UPON GROWTH COF 301LDS OF UNSALTED BUTTER

CHUBNED FzQX INCCULATZD STERILE CRZAM

Extent of growth at 20-25° C., after
1 week 2weeks D weeks 4 weeks 5 weeks 6 weeks

Cug.i:z.zre Dry Homid Dry Bumid Dry Humid Dry Humid Dry Humid Dry Humid
1 - - - - - - - - - - - -
2 - +W=Y +% +¥-Y + +HY=G + & + ++ + ++
S - +8 = +B ~ +B - + - + - +
4 G ++G ++G G T i P e b e e et
5 - W = +H = 4 = o+ = o = 4+
6 - - - - - - - - - - - -

7 - - - - - - - - - - - -

8 - +W  +W ¥ N+ + + + + +

9 - +G - ++G - G - +~ - ~ - ++
10 - - - - - - - - - - - -

Check - - - - - -

SN
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conditions ander vhich the organisms ave existing. Buatter is kept
at a wide range of storage temperatures but thesc are, in most cases,
near 0° C. or below it. Occasiorally, lots of batter will be ex-
posed to higher teaperatares for considerable periods of time. The
ten species of molds used ir these experiments were geedel on various
substrata in order to observe the effect of diff-rent temperatures
opon their growth. The temperztures used did not @ velow 0° C. but
sabsequent studies should be pursued st lower temperctures for
extended periods.
l. Growth or ¥hey Broth.
Methods. ¥resh skimmilk was heated to 35° C.

- and maintainec at that temperatarc while dilute hydrcchloric acid

was added slowly, with comstant stirring. Yhe milk was brought to
the isoelectric point of casein, pH 4.6 to 4.7 By comparison with
methyl red standards. The finely-grannlzated casein was removed by
filtering thru cheesecloth. The resultant whey was autoclaved for
fifteen minutes to coegulate the heat-labile proteins snd filtered
thro cotton. The whey was nentralized with 3/1 godium hydroxide to
PH 6.8 and §.5 per cent Bacto pepione added. The mixture was auto-
claved for 15 minutes to precipitate the acid-solable substances
and filtered thru paper after which it was tubed and steriliged.
Three sets of inoculated samples were prepared and one set stored

at 20 to 25° C. and 40 to 50 per cent relative huamidity, another

———-



set a5 10 t0 12 ° C. =n3 70 to 75 per cent humidity and the other
at 0° to 2° C. and 70 %o 75 per ceat humidity.

Results. YTable XXXIV gives the results cf this
experiment. 4% is evident thet g1l of the cultuwres found the whey
broth to be an excellent source of food as shown by ithe active
growih at 200 C. after one weeik. A certain smount of subsurfece
aycelium was present in moet cases, especislly after three weeks
at this temperature. Cultare 2 was very siow to develop 2t 10° C.
and whea it did the mycelium was scenty. ~Cultu}e S likewise nnde
slight progress at tais temperature. whe growth of all cnltures
was retarded when the whey broth wes kept at 0° C. Cnltures 2, 3,
and 10 gave no evidcuce of growth within three weeks time. Cultures
1 and 5 produced traces of visible mycelium in the depths of the
licnids. Time was an apparent factor at the lower iemperatures
altho certain of the specles did not sh&w any growih 2 fter longer

pericds of imcubatioxz.

2. Growth on Vhey Azar Slants.
Kethods. A solid medinm containing 1.2 per
cent Bacto agar wes prepared from whey broth made according %o the
method outline in the previcus experimenti. ‘this medium was tuabed,
autoclaved and slanted. After inocnlation, the three set: of samples

were stored under the conditions described in the foregoing trial.
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PTABLE XXXIV

EFFECT OF TRIPTRATURE UPON THE GRO¥TE GF KOLDS

I¥ ¥5EY 2ROTE

Extent of growth 2t ordinary hamidity =fter

Cult~ 1 week 2 weeks 3 weeks

;:? 20%. 10%. 0%. =20%c. 10%. o©%. 2°%. 10%. o%

1 i) plr L) i) ) () (el ) ()
2 et I (TS I N T -

3 it + - H+ +H+) o le) L) o

4 - PN ) B o wrlt) ) ey el t) e l#)
5 DU £ B 0 B U0 BN 0 BN € RN 23 R £ 3 IRU €7
6 o+ wlt) ) an sle) L) e ) 44
7 P 0 BRI ) B ) U € IO £ D 5 BN 5 BN £ B )
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10 PO C ) I ) PN C 3 R C ) B PO &) B £ B
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Resalis. All of t{he cnltures grew luxuriantly
after one week at 20° C. 2s indicated in Teble XXXV. Witk the excep-
tion of Culture 2 which feiled to grow and Culiure o which developed
poorly, 211 the cultures showed prectically normal growth at 10°C.
at 0% c. the development of those cul tures which grew at 2ll was
less luxurian%, while Cultures 2, 3, and 10 failed to produce any
visible aycelium. Low tempreratures exﬁi‘bited a narked effect upon

the growth esnecially with Cultures 2 and 3.

3. Growti in Sweet Buttermilk.

ifethods. Butitermilk was obteined from = churning
of fresh, sweet cream, ftudbed and antoclaved. The inoculated samples
were divided into three lots and incubated under the conditions
éxpla.ined in the last two e:fperiments.

Besnlis. Table XXXVI shows that the cultures
kept at 20° C. dic not develop guite as promptly in the battermilk
as ?.hey_ did in whey broth or whey agar. Srowih at the end of three
weeks was reasonably good ia all cases at ithis temperature. The
development at 10° C. was somewkat iess in most instances; no visible
growth was obtained with Culture 2 while Culture 3 gave borely vis-
ible growth after three wesks. Cultures 2, 3, and 10 2gzin failed
to grow at o® c. during the observation period. In genersl, the

surface growth on buttermilk was somewhat less than it had been on
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PABLE XXXVI

EFFECT OF TRIPERATURE UPOK THE GROVIH (F MOLDS IN SWEEFT BUTTERIILK

Culture Extent of growth at ordirery homidity, after
1 week _ 2 weeks 3 weeks
¥o. 20%. 10°%. o%. =20°%. 10%. o%. =20%. 10%. O%.
1l + ++ - ++ ++ - 4 +4+ +
2 4+ - S R - - it - -
3 5 - - - - - e b -
4 +r+ - i+ - e x JEE TS ++
5 + +++ ++ +++ +++ ++ e ++
6 -t ++ +r+ ++ 4+ ++
7 ++++ ++ 4+t ++ S na S o ++
8 Sansd +++ ++ ++ ++ ++ +++ +r +
T ++ o -+ e
10 e+ - 2 x 2 a2 - R S
Check = - - - - - - - -




whey broth and wher azar.
J -~ o

4. Growth on Sterile 3Butter.

i‘ethods. A baich of sweet creanm was sutoclsved
and, after cooling, churned in e sterile Dazey churn, washed with
sterile water snd worked with sterile paddles. The finighed buttier
wes divided into four portions, one of which was left unsalted.
Sterile salt was worked into the other lots of butter in varying
amounts, giving a final salt content {by analysis) of 1.2 per cent,
2.6 per cent, and 2.9 per cent respectively. Blocks of each lot of
butter were placed in 'petri plates =2nd allowed to harden over night
at 0° C. The samples were inoculated by streaking the cultures
across the surfaces. One set of samples was incubated at 0° C. snd
the other at 10° C. in metal humidors {previously described}, where
the relative humidity was maintsined &t 100 per cens.

Results. The observations made npon the samples
over = pericd of six wecks sre regorted in Table XXXVII. A% C° Cay
Ccltare 9 showed growth after two weeks, Culture 1 after four weeks,
and Colture 8 after six weeks in the unsalted butter, while none of
the others showed any apparent developzeat even efter six weeks
incubation. Culiores 1 and 8 produccd small white spodts at this
temperzture in the tutter containing 1.2 ;er cemt salt. Othervise,

all cultures were retarded by the combined influence of low Semper-
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TABLE XXXVII

EFFECT CTF TEUPERATUZE GPOK THE GROWE OF MOLDS ON STERILE BUPTH

Extent of grosth, at 0°C. ard 10°C., high humi:lityz, after ]

1l Veek o Teeks
Culture Unsalied 1.2% Salt 2.5F Selt 2.9% Salt  Unsalted 1.2% Salt 2.6
og. cc. og, oc, oc. 3¢.

Bo. O 1 0 10 0 1 9 10 6 1 ©0 11 ©
1 - - - - - - - - - - - - -
2 - - - - - - - - - - - - -
s - - - - - - - - - - - - -
4 - - - - - - - - - - - - -
5 - - - - - - - - - - - -
6 - - - - - - - - - - - - -
7 - - - - - - - - - - - - -
8 - ¥ - - - - - - - +¥ - - -
9 - ¥ - - - - - - +¥ +¥ - - -
10 - - - - - - - - - - - - -
Check - = - - - - - - - - - - -

KOTE: The same series of samples, maintained at the same temperatares
but under conditions of low homidity, failed to show any evid.e:i
of development of molds.
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ature and selt. At 10% 5. growth in the unsalted bhutter wes exten-
sive in 10st ingtances and efter s period of six weeks, Cultures

1 and 4% produced dazi green saudses, Cultures 5 and 10 developed
slight aerial mycelia, Culture © showed a small amount of white my-
celium, and Cauliures 8 and 9 formed white and green spots, while
Cultures £ and 3 were not adble to grow. In the batter conteining
1.2 per cent of salt, and kept at 10° C., Calture 5 produced a few
aerial hyphae, while Cultures 1, 4, 3, and 9 grew cuite well and
prodoced distinct areas of moldiness. The butters containing 2.6
per cent, and 2.3 per cent salt showed slight growth of Caultures 1,
4, 8, and 9. The low temperatures clearly restrained she zrowth of
nost of the species studied, anc the effect decame more noticeable

as the percentage of salt incre=sed.

r

5. Growth on Buster liade from Inoculated Crean.

llethods. ZElsoven batches of fresh, sweet cream
in flaske were aubtoclaved and cooled, after which ten lots were inoc-
ulated with the experimentel cul tures and the other left as a check.
The inoculated cream samples were kept at 20 to 25° C. for four days.
Suring this time, all cultures grew exceedingly well and pz;oduced a
surface felt with normal fractificstion. These samples werc churned
in individual, sterile Dazey churns, washed with sterile water and

worked with sterile paddlea. Visible pieces cof the felt were removed
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as Zar es possible. 3sch lov of bvutler wac 4ivided into four parts,
ong remained unsalted, wiile the oitaers were worxed wiih different a-
mounts of sterile sait in order to cbiain varying concentrations. The
actusl salt content in the verious lots of butter weried as indiceted
in Teble TZXVIII. It wac very difficult to obtain exactly the same
results in each case, because of tie difficult; of working ihe butter
under aseptic conditions. 3locks of the baobtiers wer: placed in petri
plates and hardened at 0° C. Ore set of plates wus piacec‘. at 20 o
25° C., another at 10 %0 12° C. o2nd another at O to 2° C. in metal
humidors {previously deséribed), at a relative homidity of 100 per
cent and observations mmde during & period of six weeks.

Besults. The coabined effect of temperuture and
g2l concentration on the growth of the various species is shown in
Table XXXVIII. It will be noted that Coltures 1, 6, 7, and 10
failed to mmke any visible growth under any of the conditiens.
Caltures 2 ani 3 grew reasonably well at 20° C. in all ealt concen-
treticns but apparently could not develop at 10° C. or 0° C. Culture
& grew al 211 three temperatures but was affected somewhat by increas—
ed percentages of salt, especially at 0° C. The only visible growth
secured with Culture 5 was on the unsgltec sample at 20° C. The
results with Cultare 8 were samewhat irregular but it grew at all
tempe:_-atures. %ith the higher salt{ concentrations and lower temper-

atures its development was retarded or checked. Culture 9 was not

——
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?ABL3I XXXVIII

ZFFECT OF TZERATURE UPOK GROZTH OF MOLDS IX BUTZER aD2

TR0 INCCULATED STERILE CRZAX

Cul- 2er Cent EZxtent of growth, high hanidity, after
tare of :alt 2 weeks 4 weeks o 6 weeks
To. 20%. 10%. 0%. =20°%. 10%. o%. =20%. 10°c. o°c.
1 0. - - - - - - - - -
’ 1.5 - - - - - - - - -
207 - -~ - - - - - - -
4.2 - - - - - - - - -
2 C. + - - + - - ++ - -
1.4 ++ - - e - - ++ - -
2.2 +r+ - - ++ - - e - -
400 +¥ - - +¥ - - <+ - -
s 0. + - - + - - + - -
' 1.5 ++ - - b2 - - ¢ - -
203 +*+ - - + - . - 4+ - -
4.5 ++ - - *+ - - ++ - -
4 0. +H+ + T+ e
1.6 ++ ++ - ++ + + ++ + +
2.7 ++ + - + + - - + -
Sed + + - + + - + + -
5 0. ++ - - +t - - +r - -
1.1 - - - - - - - - -
2.5 - - - - - - - - -
3.5 - - - - - - - - -
6 0. - - - - - - - - -
l.4 - - - - - - - - -
1.6 - - - - - - - - -
3.0 - - - - - - - - -




TABLE XXXVIII (Continned )

EFFECT OF TZPERATURE UPOF GROWTH OF iOLDS IN BUTTER MADE

Cul- - Extent of growth, high humidity, after
tare Per Cent 2 weg.ks o 4 wegks o 6 veglca
¥o. of Salt  20%. 10%. 0°%c. =20%. 10°¢c. 0°%. 20°%. 10%. 0%.
7 0. - - - - - - - - -
0.9 - - - - - - - - -
2.1 - - - - - - - - -
3.1 - - - - - - - - -
8 0. + + + + o+ + ++
0.7 - + - - ++ - - ++ +
2.3 - - - + =+ - + ++ -
3.1 + - - + - - + - -
g 0. ~+ + - ++ - - -+ ++ -
1.3 ++ + - ++ ++ - ++ ++ -
2.2 ++ + - ++ ++ - ++ ++ -
S.0 + + - + ++ - + ++ -
10 O. - - - - - - - - -
1.9 - - - - - - - - -
201 - - - - - - - - -
4.0 - - - - - - - - -
Checks 0-4.5 - - - - - = - - -

FROH INOCULATED STERILE CREAM

g gy e o



effected particalarly Yy the salt content of the butter bat friled
to appear at O° C. Zvidently, the e’fect of tem erature vuried with
the speclies of mold and the composition of the substrate as influ-~

enced by the slt content.

D. Atmosphere

Yost gpecies of molds are considered serobic, or at best
facnltative, and this wonid indicate that a satisfactory susply of
oxysen was z factor in their growth. Hxprerimentc were undertaken to
deternine how the mold growth on butter might be sffecteu by chunges

in atmospheric conditions.

1. Ordinsry Air Sugply.

In the experiments previously reported, and in which a
plentiful sup,ly of oxygen was provided, the species of molds meking
up the experimental group, wers able to grow setisfuctorily when the
food supply, moisture, temperature and other conmditions were favor-
able. These results may be considered as chedks, demonstrating that

the m0lds grew well when an sbundant supply of air was presat.

2. Reduced Air Supply——Tariial Vacuum.
idethcds. terile cream was chuorned in & sterile
Dazey churn, wasied with sterile water and worked with sterile paddles.

Blocks of Mmtier were placed in petri plates (in which the covers




-122-

were kernt L ightly raised By thc use of small wire siaples) end
nardsne; 2t 0° C. The surfuce of the buiter was inoculated with
the molds being studied. '™he plstes werce then .laced irn an ordinary
sterile, glass desicecator. Afier a liter of water was piaced in
the botton of the Jar to jrovide adecuate hunidity ths lid was put
in Jlace esnd sealed with wuseline. A wecium of 25 inches was drzwn
and mainteined during the period of study. The temserature vi in-
cabation was 20 to 25° C.

Resalts. The results of the trial ere given in
Peble XXXIX. Growih was not very active during the first week but
increased somewhat during the subsecuent three weeks. The develop-
ment was never very great, however, and not comparable with that
‘obtzined under ordinary atmospheric comditions. %he reduction of
the amcant of awvailable oxygen appeared to retard thce development

of these épecies.

3. Partiel Femoval of Carbon Dioxide.

:letheds. The butter used was prepared in the

same manner as thst for (2] above. The plates werc held in s sterile

desiccator in the bottom of which was placed a liter of a 10 per cent

acueous solution of sodium hydroxide. This was added to absord
some ¢f the carbon dioxide, while 2% the came time it fumished a

source of moisture. The 1id of the desiccator wes sealed with

e g e e s e o e aoae



TABLE IXIX

EFFECT OF BREDUCKD AIR SUPPLY UPON GROWIH QF M0LOS CF STERIIE,

UNSAIZRD BUTTER

Extent of growth, at

20°9-25°C., high Caltare Xo.
humidity, under 25"
vacaom, after 1 2 3 4 5 6

"1 week + + - =

4 weeks A o e S
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vaselire, ‘he itemperature of imcubation wee 20 to 25° C.

Zerults. Altho the grewth of the cultures was
not extensive during the first week, teble 7L shows thail excellent
developzment of all except Cnlitures & snd 7 cccurred elfter Tour weeks.
fowever, Athese last named cnlbures actuslly showel more visible
growilh under these conditions than they hed shown at aay oiner
time wnen seeied on butter. Appsrently, a reduction in the smoant
of carbon dioxide 4ces not seriously detcr the grewth of the species

under observation.

4. Zemoval of Cxygen.

ilethods. The butier used was prepared in the
cenner described in {2) and {3) above. The plaies were placed in
a sterile desicecelor and the 1id sealed with vaseline, after 100
grams of pyrogallic acid had been placed in the bottom. 4 fonnel
was introduced thru an opening in the side cf the desiceator and
5C0 cubic centimeters of a 10 per ceni aquecus soiution cf sodium
hydroxide added t§ the pyrogallic acid. The funnel was rescved
quickly and the openin;; closed and sezied. The temperature of in-
cubation was 20 to 25° C.

Results. Table XLI poicts out cleerly that no
growsh appeared in any of the samples even after 2 period of four

1

weeks. The exhaunstion of oxygen apparently made conditions unfavor-
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TABLE XI

EFFECT OF PARTIAL REIOVAL OF CARBCN DICXIDE FRQ ATHOSPHERE
UPOH GROYTH OF MOLDS (¥ STERILE, UNSALTRD BUTTER

Extent of growth

at 20°-25°C.,high Culture Xo.
homidity (102

solu. of Fa0H) in

desiccator, after 1 2 3 4 5 6 7 8 9 10 Check

1l weex + + + + + + + T

4 weeks e s R o o R e R A e T = = X




TA31LBE XJI
IZFFECT OF RIZI0VAL OF OXIGIE F3I0X TIZ ATICSPHER:

UPCH D22 GROWTH OF II0LDS 03 ST=ZRILE, TiHSALTED BUTTER

({0xygen exhausted by KaOH- pyrogallic acid mixtaore

in sealed desiccator.)

Zxtent of growth at
20%-25° ¢., high
homidity, after
1 week ' - & =& & & = e = = =

4 weeks | e e e e e e e e e =

Check
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able for the development of the molds beiang stucdied.

E. lMiscellaneous Chenical and Physical Factors.

1. Salt.

Sodiam chloride has been considered a food pre-
servative for many years. Inasmuch eas most batter contains sone
salt, and since onsalted butier has appeared to be more suscepliilie
t0o molding than the salted type, experiments were conducted o deter-
mine the effect of various concentrations of sodium chloride upon
the zrowth of the species of molds selected for this study.

a. ‘hey Broth ;Slu.s Salt.

dethods. Fhey broth prepared in the manner des~
cribed in previous experiments was used as a subsirate. Sodium

chloride was added in different amounts to wvarious portions so that

the final salt contents (by weight) in the different lots of droth
were 10 per cent, 15 per cent, and 20 per cent. An unsalted porticn
was left as a check. The solutions were tubed and autoclaved.

After inoculation the samples were placed at 20 to 25° C. in a

roon with a relative humidity of 40 to 50 per cent, and obscrved
for three weeks.

Results. The record of the observations is

Ziven in Table XLII. The growth of all the cultures was excellent
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PABLE xXLII
ZFFECT (F SALT UPON THE GIO¥TH OF H0LDS IN FHEY EROTH

Extent of growta ai 20-25° C., ordinary humidity, after

1 week

Caltare _ Salt content ,
To. 0% 10 % 15 » 20 %

3 (++) _i:r) _ _

> ++++(ﬁ) s - -

3 - R

2 e PRS2 I _

5 +++(*+) _{+) _

6 it - - -

7 JUNE Cod I - _

8 ,H_H_("’) JUH C.2 BN -

9 m(” +++(+’ ++ +

10 Lo B - -

Check - - - -
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20 %
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i
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SRR

S weeks
Salt content

10 % 15
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in the unsalted uroth, especizlly on the surface., Inm tae braoth
contaiaing 10 per cent of sult Cultures 2, 3, 4, 8, and 9 had pro-
duced abundant qycelium and fruciificatior at te end of teree
weeks. Caltures 1, 5, and 1C produced only sudsurface growin while
Cultures 6 and 7 werc checxed entirely. In the 15 per cent salt
broth, Cultures 2, 8, and 9 grew fairl:  well on the surfzce while
Cultures 1, 3, and 4 showed some subsurface myceliws. The remaining
cultures gave no growtn witn 20 per cent sali. Tre only species to
show any development in the droth were Cultures 8 and 9 and they
grew quite well. It is evidemt that salt exerciseq a restraining
effect upon the growth of molds but it wvaried considerably with the

different species.

Y. They Agar plus Sslt.
Zethods. The whey ager vhich was used in this
experiment waz siizilar to that described on previous pages. 50>diun
chloride was added to portions of the medium = that ihe final con-
| centmtions by weight were 10 per cent, 15 per cent, and 20 per cent.
These and the unsalted checx were tubed, sutoclaved, and slanted.

After inoculation they were incubated under coaditions similar to
those in the.precedmg experiment.
Results. All cultures developed luxuriantly on

the uns3dlied slants as reporfed in Table XLIII. Iz the 10 per cent




TABLR ZXLIII

EFFECT COF SALT UPON TEX GROWTI OF LIOLDS OF WHZY AGAR SLAKRTS

Cuolt-

Fo.

I

&

LU T

o

10

Check

Extent of growth at 20-25° C., ordinery humidity, after

1 week

salt content

o 108
++
4+
i
aadEre

E 2o SR 4

15%

++

20%

£ weeks 3 weeks

salt content salt content
of 108 15% 20 of 108 159 207
it + - +t++ 4+ +
s I T
+H+ T - -+ o+ o+
-+ - +H+
e+ - - ++ 4+ -
et - - - H+ - -
i+ - - - Hr - -
b + + +H+ -+
i+ N . + o
b+ - = i+ -




salt gar, Culiures § and 7 were the onlr ones that fziled to grow
gltho Cultures 5 and 10 showed very meagre growih. ¥hen the salt
content reached 15 ser cent, Cultures 2, 4, 8, and 9 showed nmoderate
growtn and Cultures 1 and ¢ sligit growth. The others remained
dormant. As found in the previous experiment, in the 20 per cent
concentration of salt Cultures 8 and 9 were the only ores to grow
and their growtn wa.s‘very scanty. The growth on the s1id medium
was somewhat better than it was on the whey broth, but the influence

of the salt was demonstrated %o be in the same gemeral direction.

b. Sterile, Sweet 3Buttermilk plus Salt.

Methods. 3Buttemilk was obtained directly from
a chuarning of sweet creaz. The necessary salt wee added to yield
‘solutions co ntaining 5 per cent, 10 per cent, 15 per cent, and 20
per cent. Ain msalﬁed portion was iept as a check. All lots were
tubed and auntoclaved. After inoculation they were incubated under
tie conditions described under {a) and (b} above.

Results. ‘'The growth of every culvxre sas
luxoriant in the unsalted buttermilk after one week as is shown in
Table XLIV. In the 5 per cent salt buttemilk, development was
exceilent after two weeks in the case of Cultures i, 2, &, 4, 8,
and 9, moderately good with Culiures 5, and 10, Wt only slight

with Cultores 6 and 7. <he 10 per cent sali concentration compleve-




FABLE ZXLIV ?
EFFZCT OF SALT U20E GROWTH OF MOLDS IN STERILE, SWEE® BUTTIRMILK

Extent of growtk ai 20-25° C., ordinary  Extent of g1

humidity after 4 days hozrid]
Calture Salt corntent of Battermilk Salt coni
No. 0% 5% 10 5 15 % 20 % 0% 5
1l +H+T + - - - +++¥=G ++‘
2 +HE=Y =T Y - - +++1=G  ++
S ++W=-Br +%W-Br +3Br - - ++Br
4 ++G ++G +G - . - +++G 4
5 ++ +a - - . - +++H=B  +1
6 ++4 - - - - +++¥ .
7 +++¥ - - - - +++W <
8 ++3 +W +¥ - - +++0=G
-9 +++G ~5 -G 4T - ++G
10 +++%=-B +W - - - +++i-B  ~

Check - - - - - -







REILE

i.ent of growth

| hamidity
‘S&lt content
% 5%
R g
AT-G  +++T-G
+Br  +++BT
;,-n-G +++G
+W-B ++¥=B
-
‘}W-G +¥
& +++G
jm'-B ++¥-B

at 20-25° C., ordinary

after 1 week

"~ of Buttermilk

109 15%
++1-G +W
+Br -
+G -
w -
+++¥=G +¥-G

20 %

=xtant of zrowik 2t 20-25° C., ordinary

nomidity after 2 weaks

salt

0% 5% 105
G -G MG
++4T~C ++HI=-C +I-G
++4+BT 43T ++BY
+++G +++G +G
++4T-B  +¥-B -
+++¥ +% -
++¥ +% -
++4G +++G ++¥
+4++G +rt(; +++G
$4+19%-B =B -

contert of Battermilk

15 %

20 %

g e






¥ inhidited Ciltures 5, 6, 7, and 10 ut the remainder were able
t5 srow cuite well, =hen the percexntape of silt was incremsed to
15 per cent, only Lultures 2, 3, 8, and § werc active. With 20
per ceat salt, Culture 9 alone produced vi‘si‘ale growth in the butter-
milk. It will be ncted that the growih of certain species is re-
terded more in the salted buttermilk than it was in the whey dbroth
or agar.

d. Sterile, Sour Buttermilk plus Salt.

Methods. A sample of buttermilk was obtained
from a churning of sour cresm butter. Salt was added to portions
of this butltermilk sgo as to give comcentrations of 5, 10, 15, 20,
and 25 per cent and an ans=lted check was also retained. These
solutions were tubed =znd autoclaved. After incculation, they were
incubated at 20 tc 25% ¢. for two weeks at & relstive humidity of
60 to &5 ger cent.
Resuits. Tatle XLV presents the resalts obtained

in this experiment. In the ansslted bubtermilx the gsrowth after

two weeks was guite luxuriant but it had been slower than that ob-
teined oa the sweet buttermilk. The development of the cuitares in
the 5 per cent salt solution was practically the same as thet obtain-
ed in the unsalted samples, in some cases less and in other cases

greater. In the battermilk containing 10 per cent of s=1%t, Cultures

A e e 8 o2 e e oo e g e -
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TABLE XV

EFFECT OF SALT OF GROWTI OF uCL3S IN STIRILI, SOUR BUTTERIILK

Coliure
Ro.

[T U B )

(o))

10

Check

Extent of growth at 20-25° C., ordinary
homidity after S days.

W

++1-G

+G

++9

++¥

+¥

+W

Salt ccntent of Battermilk

5%
+%
+T
+B
+0
+W
+¥
+%
-1-&?~
+i=-G

+¥

109

%

15 %

20 5

Extent of
bamidity

selt
0% 5%

++=G ++G

++Y=G +++Y
++B ++B
++G +++G

++W ++W =G

+++W 4+

T anal ++0
++G ++G

++G +++G

++¥ ++W=B




growth at 20-25° C., ordinary Extent of growth at 20-25° C., ordinary

after 1 week. humidity after 2 weeks.
" content of Buttermilk Salt content of Battemilk
102 1S 205 259% 0% 5% 10% 15% 20% 259
+ - - - ++47-G ++C +¥ - - -
+~+7 - - - +4+1=G ++I=C +++Y~G +X-G - -
+++3 - - - ++3 +3 +++B +Br - -
- - - - +++& G +G - - -
: - - - - +++¥4=B ++W-3B - - - -
- - - - +++5-Y +49-Y - - - -
E - - - - U= WY - - - -
2 +¥ +T - - ++G ++G +++¥=G +G - -
' +++G +% - - +++G 4G +++ ++G - +W -
- - - - 44+4%-B +~+¥%-B - - - -
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1, 2, 3, 4, 8, ea¢ 9 were able to grow caite well. vhen the concen-
tration of salt was increzsed to 15 per cent Cultures 2, 3, 8, and 9
were the only ones to produce visible mycelium and fruiting bodies.
The 20 per cent solution retarded all the cultures except Calture 9
and in a2 25 per cent concentration of salt none were able t¢ grow
doring the two weeks incubation period. In order to determine
whether the cultures tha?d had failed to grow on the butierailk
contalning 15 per eent of salt were simply retarded or actuslly
killed, a poriion of each sample was plated oc whey ager. Normal
colonies were obtained from all such platings, proving that the
sporeg were still viable but ureble to grow in the strons brine. In
& similar way, when sanples were faken from the 25 per cent solution,
it was found thet Cultures 2, &, 5, 8, 9, and 10 =24 been unharmed
by the sslt while Czlturec 1, 4, 6, and 7 apparently hadl been des-
troyed since no colonies vere obtained. Accordingly, it would appear
thet moderately strong brirec simpiy retard the growth of certain

species while higher concentrations may actaally destroy some species.

e, Sterile Batter plus Salt.
Methods. A batch of sweet cream was autoclaved,
cooled, churned in a sterile Dazey churn, and washed with sterile

water. The Wutter was divided into five iots, one of which was

retained as a check without smli. Sterilized salt was added in




vorying amunts to the oilier fowr loits. 11 werc werked ac thoroly
and cerefully zz possible wish sterile peddles. The soli contents
of the four lots ¢f salted butier, oo determines by wnelysis, were
Ceb, 0«8 1e4, and 1.7 per cent, respectively. Sczll blocks of easch

~

-.:eré rlace. in petri plates and hardened at 0° c. ovez'night; Zhe
next dzy they were inoculated by sireakling the cultures across the
surface. The intention wa: to incubeie these sumples at 5 to 6° C.
&t & higrh hamidily for six wecks, but circufistances maie it necessery
to remcve the plates froz {the humidor after one week. DJuring the
next two weeks they were kept at 5 to 6° C. tut at & lower humidity.
At the end of three weeks it was necessa.r;# <0 rexsove the samples fronm
the cocoler. Ior the following three weeks they were kept at 20 %o
250 Ce at a high humidivy. Conseguently, the conditions are so
variasble that the resalts sre not very satisfactory. Analyses of

the butters showed tie following com.bositions:

% salt 0.0 0.5 0.8 1.4 1.7

% water 14.0  14.4  14.2  14.2  14.8

% salt in brine 6.0 3.4 5.3 8.9  10.3
This mskes it possible to interpret the results in terms of those
obtained wita battermilk, whey broth etc.

Results. The results of this trial are recorded

in Teble XLVI. Xo growth was visible in any of the ssmples held at

g i et s e e P S 5 o e300
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TABLE XLVI i

EFFECT OF SALT UpON GROWTH OF MOLDS ON S¥XRRILE BUTIER

Extent of zrowth - 1st week at 6°c., high homidity; 24 and 34 weeks at 6.*

I
Caltare 4 days 1 weeks 2 we
Fo. Salt Coxteat Salt Content Salt (3()::!.tj

OfF 0.55 0.83% 1.43 1.7% 05 0.5 0.8% 1.4% 1.7 0% 0.5% 0.

1l - - - - - - - - - - - - -
2 - - - - - - - - - - - - -
S - - - - - - - - - - - - -
& - - - - - - - - - - - - -
5 - - - - - - - - - - - - -
] o ) ) ) o ) ) ) L N
b - - - - - - - - - - - - i
8 - - - - - - - - - - -~ - -
9 - - - - - - - - - - +¥ - -
10 - - - - 4 - - - - - - - -

i g+ o ae e






iditys th week at 2-25°C. high Mnidif
1 weeks at 6%., ordinary homidity; 4th, 5th and €tk week a & t:

2 teekg ) S weeks _ 4 weeks
Salt Content . Salt Content Salt Conmtemt

05 0.5% 0.8% 1.4J 1,78 0F 0.55 0.8% 1.4% 1.7 OF  0.5% 0.8% 1.4 |

- - - - - +Tef = - - - WG - - - ‘K

- - - - - - - - - - - - - - {
:
H
- - - - - - - - - - - - - - H
i
f
!
- - - - - - - - - - - - - - H
;
- - - - - - - - - - - - - -
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. mmidity.
5 weeks 6 weeks
salt Content S2lt Content

1.45 1.7% 0.2 055 0.80 1.42 1.72 0.5% 0.8% 1.4% 1.7%
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6° C. during the period of tw weeks, with the exceptios of Culture

9 which had produced a small white spot in the ansalted butter.

After 3 weeks, cultures 1, 4, and 9 mmd developed visible colored
arews in the unsalted butter. The following week witnecsed the
growth of Cultures 3 ard 10 in addition fo those aentioned. After
two weeks at mon temgerature sctive development was cobserved for all
cultares, with the excepliion of Cultures 6 and 7. At ke end of the
six week period, Caltures 1, 2, 3, 4, 8, and ¢ had shown soxe growth
in 21l samples, salted end onsalted, with the exteant of this develop-
ment grestest in the latter. Cultures 5 and 10 were checked by the
salt in the butter containing 0.8 per cent or more. Oultares 6 and

7 did not grow at all. Then it is realized that the highest salt
concentrstion on the basis of brine was 10.3 per cent in the case of
the butter containing 1.7 per cent of salt, it is not surprising that
a number of species were able to grow as the same cultures had demon-
strated their 2bility to do so in buttermilk comtaining an ecuiva-
lent amount of salt. The checking of the growth of Cultures 5 and
10 in butter with & salt-in-brine percentaze of over 5.3 per cemt,
also is in accordance with the results obtained in dbuttermilk. These
facts emphasize the importance of coamsidering the salt content of
batter in terms of the salt-in-brine percentage when it is to be

taken into accouat as a preservative or deterrent of mold growih.




f. 3terile Buiter plus Salt.

ieviicdse. Sweet cresn was autoclaved, cooled,

charned in = Jazey churn, snd washed wits sterile water. Tue bubter

as & check, and sterile salt added to the three poriioas in amounts
sufficient to give final .sa.lt contents of 1.2, 2.6, and 2.3 per cent
reapectively. ZEach lot of butter was worked separately with sterile
pzddles and under aseptic conditions. 3Blocks of e~ch butter were
placed in petri plates and held at (0 C. ovemight for hardering.
gne samples were inoculated on the surface and placed in a metel
humidor (described previously) and stored at 10° C. for six weeks
at a relative humidits of 100 per ceat.

The campositions of these four lots of butter ac deter-~

nined b; anslysis vere as follows:

4 salt 0.0 1.2 2.6 2.9
% Vater 15.9 15.6 16.0 16.0
% Salt-in-Brine 0.0 7.1 15.9 15.3

Results. Tae data ovteined in this experiment
are reported in Table XLVII. Callares 8 and 9 were the onl; ones to
show growth during the first two weeks and them cnly on the unsalted

butter. After three weeks, Cultures 1 and 4 grew on the unsalted

[



TABLZE XLVl
EFFECT OF SALT U20N THE GROWTH CF OLDS OF STERILE 3UTTER

Zxtent of growih at 10° C., higs homidity, after

1 week 2 weeks
Calture Salt content salt content
Fo. 0% 1.23 2.6% 2.9% 07 1.27 2.6% 2.9%
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 - - - - - - - -
5 - - - - - - - -
6 - - - - - - - -
7 - - - - - - - -
8 +w - - - + - - -
9 +W - - - + - - -
10 - - - - - - - -

———



S weeks 4 weeks € weeks

Salt content Salt content . Salt content
0% 1.2% 2.6%5 2.9% 0% 1.2% 2.6% 2.9% 0% 1l.2% 2.6% 2.9%
+G - - - +++G 4G +G - +++ G +G +W=-G
+G - - - +++& +G - - +t+ G +G +G
- - - - N - - - + +W - -
++ +¥ - - ++ + +G +W UG +H0G ++G  +Hi=G
++ +W - - ++RG 4+ +W=G +¥ +++ G G G
- - - - +W - - - -+ - - -

Note: The same series of samples, maintained at the same temperature, but
under conditions of low humidity, falled to show any evidence of devel-

opment of the molds.

———
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botter, while Cultares 8 and 9 also developed on the butter contain-
ing 1.2 per cent salt. Cultures 1, 4, 8, and 9 developed extensively
in the onsrlted Wmtter after four weeks ard Cultures 5, 6, and 10
becane barely visible. In the 1.2 per cent salt butier, Cultures

1, 4, 8, and 9 grew slightly. Culture 1 produced a small dark green
spot on the Wutter with 2.6 per cent salt, while Cultures S‘a.nd 9
grew both on the 2.6 per cent and 2.9 per cent salt samples. During
the six weeks period, Culiures 1, 4, 8, axd 9 developed exceeilingly
well, but Cultures 5 and 10 set up scanty aerial myceliuwm, in the an-
salted butter. In the butier containing 1.2 per cent salt, Cualtures
1, 4, 8, and 9 grew quite extensively, and Culture 5 very sparsely.
On the butters with the higher sals concentrations Cultwres 1, 4,

8, and 9 produced fairly distinct discolorastions. These results are
A:nore or less in accordance with previous observations of the growth
of these molds on nedia coatuining sals, when the szlt contest is
considered from tne standpoint of i$s cwncentration in thz dbrine.

The failz:;re of Cultures & axd 7 o show visible growih even in un-
salted butier has been the rule altho there is evidence to lead to
the belief thet they actually mmy be growing even tho a visitle
mycelium does not appecr. The explanation of the failure of Caltures
2 and 3 10 develop may ve found in the temperature of incubation.

Previous observations demonsitrated that these species did not grow

e Y AT Weam v e = e e e aien
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well in the most fumrable solstzabe ab teadersiuares as low as 100 C.
It may also be stated vict & sev of sauples sinilar to triose consid-
ered in Teble ZLVII was kept st the same texnzrature dub ot o rel-
ative humidity of 7C t¢ 7 xr ceat. These samples gave e sigas

of groweh iz any instance effer a period of three weels.

8o Bﬁtter (¥ade from Inoculated Cream) plus Salt.
Methods. T™e butter was made from. sterile crean
inoculated and handled according to the proceedure outlined in
previous experimentg. The butter in eszch case was divided indo foar
lots and worked with vorying percentuges of szlt. The amount of
~galt in each lot of ‘:utt.er is indiczted in Teble JXLVIII. Attention
‘should be called to the fact thal cornsiderzble difficuliy was en-
comntered in churnizs the crean insculated with Culture 10. It took
over an hour while ordirarily the churning pericd was ten or fifteen
mingtes. AU the other extrenme, it reguired only Iwo minutes to churn
the creams containing Cultures 2 and &. In these ithree samples the
water content was exceedingly high and the butter 1little more than a
paste. The per cent of water in the wvarious samples was as follows:
Cultare % Water
1. . . . . « Renge 16.8 to 1%.4
2. ¢ ¢ e o« ™ 46.2 V0 5C.8

Se ¢ o e o s "™ 35,0 to 36.8

et —a e MW A F Ot O m o
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TABLE xvVIiLl

EFFECT OF SALT UPOR GROWTH CF ¥OLDS I BUI'TER MADE FRGM

INOCULA TED STERILE C =AM

Per Cent BExtent of growth at 20-25°C., high homidity, after
Cnlture
Fo. of Salt ] week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks

l O. - - - - - -
1.5 - - - - - -
2.7 - - - - - -
4.2 - - - - - -
2 0. +¥-Y +¥-Y +1=G ++ ++ 4
1.4 ++Y-G ++I=-GC +++ - +++ -+
2.2 ++T=G +H+I-GC -+ ++ Rass 4
4.0 +T=G ++I-G ++ ++ ++ ++
3 0. +B +B + + + +
1.5 ++B ++B +++ +++ 4 +++
2.3 ++B ++B ++ ++ ++ ++
4.5 +3 ++B ++ ++ +~+ ++
L, 0. ++G +++G - e 4+ i+
1.6 +G +G 2 ++ ++ ++
2.7 +G ++G ++ ++ ++ +r
Sed +G +G + + + +
5 0. +W ++¥ ++ +r ++ +
lo 1 - - - - - -
2.3 - - - - - -
50 5 - - - - - -
6 0. - - - - - -
1.4 - - - - - -
l . 6 - - - - - -

3.0 - - - - - -

A eamms v e
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TABLE XLVIII (Concluded)

EFFECT OF SALT UPOXN GROWTH COF MOLDS IN BUTTER MADE FROM

INOCULATED STERILE CREAM

Per Cent ZExtent of growth at 0-250C., high humidity, after

Cultuare . .
No. of Salt 1 week 2 weeks. 3 weeks 4 weeks 5 weeks 6 weeks
7 o. - -— - - -
009 - - - - -
201 - - - - -
3.1 - - - - -
8 0. +¥ +¥ + + +
0.7 - - - - -
2.3 +¥=G +G + + +
3.1 - +G + + »
9 0. +G ++G ++ ++ ++
1.3 +G ++G ++ ++ ++
2.2 +G +G ++ ++ ++
3.0 +G + + + +
10 00 - - - - -
1.3 - - - - -
201 - - - - -
4.0 - - - - -
Checks O0=4.5 - - - - -

+33T a0
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{Continued)
Calture % water

4e ¢« o« « « o Range 18.4 to 20.0

Be ¢ e e 0o " 15.0 to 15.4
Be o ¢ a0 s " 21.0 to 21.8
Te e o s o0 " 21.6 to 23.4
Be ¢ 6 c s o " 15.0 to 19.5
- 15.2 to 20.2
10 « ¢ e o o " 47.4 to 5l1.2

The perceatage of salt-in-brine ander trese conmiivions is as follows:

Calture % Salt in Brine

le e eee. O 7.2 12.8 18.4
2 e e e O 2.9 4.5 7.3
8 vve ... O 3.9 5.9 11.4
e v v ee. O 7.4 12.4 15.2
Be v v v.. O 9.3 12.7 15.3
Be o v o s . O 6.0 6.9 12.5
7o e v ee. O 4.0 8.2 12.1
Be o v s v O 4.5 11.3 13.3
9 v v s .. O 6.2 10.3 12.9
100 o eo.. O 2.5 4.2 7.8

The batbter samples were stored for six weeks 2t a temperature of
20 o %° C. Each plate contained one cubic centimeter of added

water which was replenished at intervals to maintain s high humidity.
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Results. The results 6f $his experinent are
arrangeC in Table ZLVIII. It will be seen that Culinres 1, 6, 7,
and 10 feiled to give e.ny visible evidence of gpowth altho alter-~
ations in the aroms of the butter were cuite marked. Culture 5
showed some development of serial m;{celium in the unsalted but was
not able to grow in tne salted butter. The other cultures gave
irregular results which are not easy to explaein tut Cultures 2, 3,
4, 8, and 9 showed & tendency %o grow at all sali concentrstiions
zsed; the trend being toward less growth in the most highly salted
sample, Plate IV illustrates the character of the growth of Cult-

are 4 on batters conteininc varions amounts of sslit. The unsalted

sample would searcely be recognized as butter.

et et = et es e o mamae
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DISCUSSICH Or RESULIS

Tne data obtaired in the experimenits reported in tae pre-
ceding pages heave given clues to some of the more important fectors
infleencing the growt: of molds in butter. For convenience, these

factoeres will be discussed in the order ir which they were studied.

Food Supplye 48 pointed oul elsewhere, micro¥rganisms

'»-h

must have sufficient and satisfactory nutrients if they zre to devel-

op andé carry ox the metabolic processes of a growing ceil. Thile
certain types of organisms are atle %0 subsist on compounds which
are precticsally pare inorganic substances, the majority of the
‘familier forms require a diversity of foodstuffs. 1t is generally
agreed thos fungl seek especisll; compounds ccentaining carbon,
cxygen, hydrogzen sand nitrogén, parcicolsrly in the form of crgeanic
sunsiznces. In neture, most of the materials cerryinz these four
elenentc also contain others such: 2z phosphorus, sulphur and a
great veriedy of mineral elemenis, either intismelely as & zart of
suck compouads, or a5 impurities. The femiliar suPsiaences, common-
17 classeg as fats, proveins, carvohydrates and zineral solts and

the materiais reinied o thiea furnish e great variely ¢f cssemtial

elements for the purposes of microdiolozical activity. 3Butter is




a substance consisting principally of & mixture cf £ats which carry
a rich supply of carbon, oxygen, and hydrogean. Held within this
m8g of fet are droplets of material consisting of such saostances
ac the proteins, casein and albamin, the carbohydrate, lactose, a
variety of mineral salts ani by~-prodacts of the decomposition of
any of these compounds, all in association with a relatively large
ano:unt of wmter.

It seened desiradle that a study should be made of the
reletive value of the verious constituents of butter as foods for
molds, specifiecsally for those culiures which were selected as repre-
sentative of the species commonly fourd iz tutter. Inasazck as
fat is the principal coastituent of butter, it was made the subject
of tze first trisls. It is cuite generally agreed that fat is uot
the nost desirable feod for microfrganisas. This does not zmean
however that all forms fail to utilize the warious glycerides.
While it is not easy to obtain fat in an absolutely pure state,
it is possible to purify it with reasonadble suecces: without altering
it character appreciadbly. As reported in previous pagses, the
species of molds studied did not make significant growth on purified
butterfat unless some wate were present. This is cuite reasonable
since a certain asmount of water is necessary for any biological

process involving the metabolism of living protoplasm. ¥%hen growth




was obtained on the bulterfst o which water had beean added, there
was 2 possibility thet it was due to oiher substauces present ss
inpurities in the fat. At any rate, development wes not extensive
ander frese conditions end elthe geraninstion of conidia occurred in
some cases, ire amount of myceliwm fommed wae seldom great. iiicro-
scopic studies sicwed thet in some instances, initial development
occurred but was soom checked ard followed by a disintegration of
t:e hyphae, The slight development on purified fats might well be
attributed to a supply of nunirients within the inocalum, and present
in such minnte quantities thet growth was soon impossible. The
trinls with butieriat odiained frox various sonrces and trested in
different ways, did not show any particular advantage of one type
of butterfat over =snother. XNone of them were to be considered as
very satisfactory direct sonrces of food for the early development
of the molds being studied, even when water was present to improve
the opportunities for growth. These results are in line with
previous investigptions snd in accordance with ihe obserwvation that
butter oils seldonm ere affected with mold growth.

Lecithin, vhich comtairs nitrogen and phosphorus in addit-
ion to carbon, hydrogen and oxygen, is known to exist in bulter.
Vhen this substerce, obtained fromdried butternilk and in a highly

purified condition, was emulsified in water and inoculated with the
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experimentzl caltwres, growth was observed in every case. In this
rrepsration some of the caltures developed only in the depth of the
licuid, but the gpecies vhich heve been observed to produce the most
extensive growith on tutier developed reesonably well upon the sur-
face. Ther s solid substrate was affordec the cultures, the growth
was much more merked. -

Everyone femilier wita the bubtter induetry appreciates that
zo0lding most often occurs scfter bubtter nacs been stored for a period
of tiue. Durinz this time the fetis asy be bhydrolyzed so that glycer-
0l snd the constituent acide are released. In this connection,
it was desirzble to consider the vzlue of glycerol and some of the
orgenic acids commonly present in the mized glycerides known as fat.
"It was found that glycercl did not serve as a particalariy favorable
gsoarce of food for the cul tures used, at least in the concentration
employedi. The subsurface development in almost every instance was
mech better than that vpon the surface ¢f the medium, whether the
glycerol was in a2 liguid or solid medium. <¥he only water-soluble
fatty acid studied, was butyric. In the 1 per cent aguneous solution
of this common hydrolytic product of butterfat, growth was not
observed in any instonce. Apparently it was toxic for the culiares
studied. The growth in the ansatarated oleic acid was much better
tan thet obtained on the saturated palmitic e&cid which irn fturn

appeared to be more nearly suited to the demands of the molds
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studied than the other typical saturated fatty acid, stearic. Since

the oleic acid predominates in dutterfat tnere may be occesions

where it is called upon to furnish the food supsly of molds.
In & gerersl wey, batterfat, lecithin, and related sab~
stances, woere mot mmrticularly satisfactory sources of food for the
early development of the conidia of the mpld cnltares used. XNormal

growth was not obtaired in any of these substances, eve. where suf-

ficient cusntities of water werc present. It is conceivable, however,

that these compounds may be atiligzed readily by molds which have
been able to make their early development of myceliua upon subsirata
furnishing more suitable food supplies, and after the enzymes nec-
egsary to split the fats into resdily agsimilable coampoands have
"been formed. HMany of the typical flavors snd odors produced in

tub ter, cheeme, etc., such as those characteristic of Roquefort
cheese, are associated with fat hycrolysis by molds. It is oaly
recessary tc call atbtention to the fact thet such a flavor and aroma
waes noticeable in some of the fat, weier a2nd agr combirations,
before there were any visiblie signs of myeelium. Of coarse, this
hydrolysis of the fat nay have been the resnlt of enzymes cerried
by the inoculum tut it is pessible that the germinated nyphae
producei emzymes vhen they were ealled npor %o supply nourishment

with fet 2s the only avesilable soarce of fvod. TFat and its reisted




coopounds must be considered as potential somrces of foori for mold
growth.

Nitrogen is one of the most impor tant of the elements for
the metebolism of the 1living cell. Many nitre;gen;bearmg c ompounds
are suitsdble for this purpose but such substances as natural proteins,
their split prodacts, such as peptone, sxino acids, ete., and re-
lated compounds are generzlly considered % be the most satisfuc~
tory sources of nitrogen for microlrganisms. Organisms which can
obtain their nitrogen directly from the e tmosphere, as elementary

nitrogen, are known bat the species under investigation have not

beer slown to be capeble sf fixinz nitrogen in this manner. ZAather,

they most ase other sources of supply. The portion of dbutter

.which furnishes nidrogen comgpounds in cmsiderable amounts is

known as the curd. This is really a misncaer as the casein, albumin,
and similar nitrogenous complexes nonmlly found in milk are carried
over into the butter in much the seme form as they exist in milk,

or more cori‘ectly, in buattermilk. 'this buttermilk is held in batter
principally in the form of tiny, individual droplets, with a fzil
quota of the water which makes up the balk of buttermilk. As a
starting point in the investigation of the value of nitrogemous

snbstances as a sonrce of food for molds, solutions of peplone

were used. The germination and hyphal development of the cultares
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gpon this sabstrate were both rapid and luxurisnt and grovth was
as extensive as one might hope to see. In contrast with the ten-
dency toward subsurface development in the fatty substances, the
growth on peptone was predominately on the surface., The faet that
the culfures made more noticeable surface development upon lecithin
preparations than upon fats, or fatty acids, may be due to the
pregence of a nitrogen-bearing radical in the lecithin molecale.

In order to obtain an idea of the usefulness of the actual
curd porfi un of oatter for the growth of molds, the fat was removed
froo a sample of typicel btutier so that the card end water portion
became available. This substance consisted of a mixture of casein,
-albumin, lactose, mineml salts etc. with about 85 per cent of water.
The growih of the test cul tures upon this subsirate was prompt and
luxﬁriant. When this malerial was dialysed to remove some of the
soluble constituents such as lactose, mineral salts, and other diffus-
able compounds, the residue wes f@d to serve adequately &s s
soarce of food for the molds being sitadigd. While growth was not
cuite &8s rapid as upon the original aixture it decame egual 1y ex~
tensive In a short time. This demonsirated that the important
constituents were not diffused thru a collodion membrene and indi-

cated that the principal smrces of subsistence were the colloidal

compounds of nitrogen.




is a further test of the Anon—fatt;,' portions of vutter,
which were to te considered as largely nitrogenous, I{roz the theor-
eticol standpoint at liast, the sera obtained from the successive
washings and separations sf cre=n werc employed as substrata for the
caltures. It was fouad that the first weshings were cuite satis-
factory sources of nutrients but each successive washing left less
and less amzterial for the needs of a growing cell. This may be
considered tc indicate that a rich source of food is incorporated
in butter in the form of the solids-nct-fat in cre.a.:n and that the
purification of fat by successive washings and separations may
remove so mach of the food for furgi that growth in the finished

prodact consisting largely of fat would be materially retarded.

Prelinminary studies now underway woald lead the writer to believe

that this is actually the case.
Inasmuch as lactose is a constitnent of butter, an.invest-

igation to determine its suitability as a food for the experimental
caltores was undertaken. In an aqueous solution of lactose, growth
was very meagre, especially on the sarface. Some mbsurface mycelial
developnent was noted, ewpecially in the bottom of the liguid.

%hen the lactose was held in a washed agar medium, the growth was
somewhat better, especially in the depth of the agar. A penetration
of the substrate occurred with 211 caltures. The species of Hormo—

dendrum and Alternaria grew luxuriantly below the aurface and




carried a deep green and almost black color in their aycel iz while
very scanty growth gppeared or the sarface.
Lactic acid waich is so caznonly formed by the fermentation

of lactose did not prove to be a satisfactory food source and in

general, growth of the molds studied was poor at the cmcentration

ased.

The diffusate obtaired by the dialysis of the curd of bat-

ter served as a moch more satisfactory substrate for the culiures

thor pare lactose solutions. This may be attribuled to the pres-
ence of soluble nitrogen compounds and mineral salts in addition
lactose. At any rate with the diffusate the zrowth was limited
aloocst entirely to the surface of the licuid which is saggestive
| of the results obtained with nitrogenous substences. Ievelopment
was most active within a few days and continued incubatian did
not lead to any significent increase in the visible mycelium. This
wuld tend to indicate ar early exhaasiion of essential fpod ele~
ments. The belief that nitrogen compounds were the principal
souarces of nourishaent was sabstantiat.d in part by an observation
upon the pi of the substrate in dfferent cultures. The inis
pHE of the diffusate was pH 6.4. After three weeks the hydrogen

ion concentration of the meédium seeded with Culiures 6 and 7, which

developed ithe least, was pE 6.2 in each case. In the other cultures,

e aaten e ¢ e
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the reaction was altered to points from pH 7.0 to 7.6 which was
sugzestive of alkaline ty-products of protein hydrolysis.

At any rate, it is cerftain that lactose dic not serve as
satisfactory material for encoaraging the growth of the test cul-
tuares. The more abundani growth in the depth of the medius was in
accordance with a similar phenomenon in lhe case of subsirztia con-
taining glycerol, fatty ecids and fats, all of which are compounds

lacking nitrogen. The fact, thal sudbsurface growth wa. also notice~
able in the non-nutritive weshed agur mediuzm, which served as a
check, aight be taken to indicate tha‘ where the food supply was
not especially favorable the tendency wns toward deeper penetration
- of the substrate. This does not appear %o ;:>e an entirely satis-
fzctory explanation for this phenomenon, however. The species of
Soramodendrunm and Alternaria _showed 2 tendency tc spread into the
depth of butter, much as they did on the above-mentioned media, and
prodoced similar dark-colored mycelium even when s adequate and
desirable food sapply was available. Some reason other than the
lack of -sii‘ba.’ble food mus$t Ve sought to explain this situation.
ifost everyone will concede than mineral elements of var-
ious sorts are essential for the growth of microfrganisms. For-
tanately, ninnte traces are ordinarily sufficient to meet the needs

of the living cell. Usually, in a nataral product like milk, they

g g e ranan
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exist in combination with other constitauents or as impurities,

even after attenpted purifications. One would nof expect molds

to grow in sunch e highl;r alkaline preparation as a solation of milk
ash. The results presented dezonstrate this. However, a concen~

tration such as a 0.75 per cent solution was not sufficieat to

destroy ithe conidia as evidenced by the f=zct that they were capable
of norml growth vwhern soaurces of nitrogen, carbon, etc. were supplied.

It is cnite surprising that growth occurred in such an ash solation

even ween it was neutralized since theoretically no nitrogen or
carbon were present. ‘These elements might have been supplied from
some other source when molds were able to grow in a neatralized
"ash solution.

Growith of the cultares in mixtures of butterfat, lecithin
and water was not conspicuous. The surface tension msy be a factor
in this since both of tae former substances depress the surfece
tension, the comdization perbaps more thzn either alone. The pres-
ence of particles of milk ash on butterfai, in an environment well
saprlied with water, appeared o encourage the development of cettain
species but could rot be considered as giving a good growth. Then
the solutions of ash were mixed more intimately with the fat, the
growth was much beticr which probably means that the zineral salts

added a stimnlus for the = ttack upon fat.




the results with & combination of peptone and lactose in
licuid or solid media indicated how important a nitrogenous compoand
reslly is for the development of fungi. <while the proportion of
growvth upon the swwface of the medium was much greater than upon
simple lactose substrata, there was more of a tendency for subsur-
face mycelium %o occur then was the case in pure peptone solations.
whig mey mean thet there 1s something fundamentsl gbout the zode of
developmert of molds upon nitmgenous.and non-nitrogenous mediz.
‘e disturbance in the noraal surface development of molds in the
preserce of such substances as hcﬁse, glycerol, fatiy acids and
fet is striking.

Al together, butter provides a wide wariety of foodstuffs,
" quite sufficient to sustain the growith of molds. I‘heli@ortant
consideration is not the amount or quality of e food, bowever,
bat its aveilability. -rhe physicel siructure of btutter must be
taken into account, since the most desirable nutrients are dispersed
in minate droplets thruout the mass of fat. If the molds happen
to be si;;uated where this food is accessible, and if other factors

are favorable, growth should take place freely.

Moistare. The effect which moisture has upon the growth
of molds im cuite clear. One sppreciates that all living proto-

plasm has a relatively high moisture content and that the normal
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nutrition ¢f the cell takes place £fron a food supply dispersed in
an agaeous dispersion medium. It has Deen demonstrated tha t moist-
ure-free fat ig not a good sabstrate froa growth. Bubter regnlarly
carries a reasgnable amount of moisture evea upon & bazsis o5i per-
centage total composition. Vhen it is borne in mind that tubter is
more than 8C per cent fai, and thet the water, constitating from
12 to 16 per cent of the total weight, is largely in ascsociation
with the nitrogenous coopounds as well ss the lactose, mineral szlts
and varlons traces of other compounds in the form of buttermilk
droplets, it azy be appreciated that there should be a plenvifaol
supply of moisture for the growth of molds. It has elreesdy been

pointed out that by actual enslysis the curd portion of bubter was

about 85 per cent water. Therefore, il msy be assumed with reason-

abie assurance of correctnesz that the moisture conditions in
normal tter are perfectly satisfizctory.

The humidity of the atmospnere, however, is not such a
ccnstant factor, especially in reletion to the outer surface of
butter. Sometines butier is stored in a dry, well-ventilated
refrizeretor or again in a8 daxp place waere the sir is stagnant and
evaporation slight so that the moisture on the surface of the buttef

is retained. The results of the experiments reported in preceding

pages indicate that humidity may pley a considerable part in the
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development of molds on butier. There is a significant fact which
stands out in this comection however. it appeared that sterile
butter which was inoculeted apon the surface with mold spores
failei to shovw any mold zrowta vhen kept i1 2 storage room et a
low humidiiy but when the sinosphere was safuraiec wiik aoisture
extensive growth took place. Orn the other hand, butters made from
creaz ir which molds hed been growiss for several days developed
2014y Qrea:: even ander conditions of low humidity. apparently there
is 2 fundamentel difference involved. In the case of the first lot
of butter the conidia foand it difficalt or impossitle fo germinate
becanse of the lack of moisture brought about by evaporetior on the
surface, while in those butters vhere the molds were growing active-
| ly, the process was checked cnly temporsrily during churr;ing &end
continned afterwarde because of thne abundani supzly of moisture
obieined thru the myceliuz froam the reservoirs :of water in the
droplets of tutterxilk. This feature may be of scme practical
significance. If the infection of tlie cream takes place before
churning and the molds are able to estyblish a mycelial development
before the butter is made, growth may cmitinae and the surface of
the butter marred in appearance, even thc the product be siorel
in an atmosphere low in moistxire and condocive to rapid evaporation.

On the other hand, if coantamination takes place after the dbubier
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is made, and the finishec product kept at low humidifies, =old
growts asy not s pear. TUndoubtedly, a dry, well-ventilated storage

room may be an importent factor in the prevention of the molding

of butier.

Tempersture. The tenperature at wrich wld growth occors
varies decidedly with the individual species of molds and the nature

of the substrate. The results of the expexriments reported in prev-

ious pages demonstrate clearly that Aspergillus niger and Aspergillus

flavns were checked when the temperature of incubation was btelow
10° C. This would indicate that these two species need not de

. considered as responsible for the discoloration of tatter as long
as the product is kept at low temperatures. The growth of Zhizopus
nigricans was inhibited at a temperature of 0° C. Species of Deni-
cillium, Alternaris and Hormodendrum werec not as sensitive to low
temperatures. This is significant since thege species have been
shoen to be amng the most common causes of molding in dbutzer,

even when it is kept st low sitorage temperatures. The emouri of
salt present in the butbter als affected the growth of the warious
species at differeat temperatures. ‘The amount of sall present had
a nore noticeavle effect on the growth of the molds at low than at

high temperntures. Time is a very inportant factor in the growil

e e+ e it et e A e < ann



~182-

at lower temperatures. As might be expected, scecles which are able
to grow at low temperatures mey reguire a considerable periocd before
they can produce ncticeable growth. It is interesting to note

also that the species which are least inhibited by salt are the
ones which grow at the lower temperatures. Since the amount of
salt in the butter has a marked effect upon the freezing point of

the water droplets containing the food materials, with a high salt

content the nutrients may remsin in 2 liqnid substrate &t temperatures

mach below the ordinary freezing point of water. Consecuently,
thogse species able to grow at lovw temperatures and at hish salt
concentrationz may bring about the molding of butter in storage if

safficient tine is aliowed for their growth. The temperatures used

' in these studies were not especially low so it would be desireble

to continme the investisations et much lower temperatares with

speciec known to be common causes of molding in dutter.

Atmosphere. The effect of atmospheric conditions, aside
from humidity, apon the growth of molds is worthy of consideration.
The resulis of the experiments reported herein indicate that a
sufficient sappl; of oxygen is essential for the development of the
ordinary mplds. %hen the amomnt of avallable oxygen was reduced by

a partial evacuation of the air within s sealed coatainer in which




infected batter was stored, the growth was retarded Ttut, in time,
development pegan. It is possible thet oxygen was released from
the food constitunents after the atmospheric oxygen was consumed
and eventually permitted satisfactory growth of most of the species
studied. TYhere the oxygen was removed so that anserobic caditions
existed no growin of molds occurred. Butter is seldom stored under
conditions where oxygen is completely excluded. In some instences
it is placed in containers upon which a partial wecmum is drawn.
Consequently, ander t;rdina.r;,' commeraial conditions, the mipply cf
oxygen may be considered as reasonably satisfectory. 1in the sealed
containers, mold growih may appear as it does in certain instances
. in cenned condensed milk., ‘This cmglition was studied in the exper-~
iment where butter waes kept in a pertial vacamm. 1t is not econom-
iaa.llx fe;sible however, to h=ndle butter under conditions where all
oxygen 13 removed. ¥t may of course be possihle to replace the
oxygen ty some inert gas but experiments along this line are necess-
ary to demonstrate the practicability of such a plan. ‘rthe partial
removal of carbon dioxide from the simosphere in which butter was
stored did not lead to a retardation of mold development in the
ezperméxm sumples. How essential carbon dioxide is for mold
growth has not been determined but further situdies should be made

to ascertain this point. without doudi, atmospheric conditions are




factors waich influence mcld development Tal wo whot extent, is
ot yet evident. The fact that certain ssecies were able to grow
so extensively in tue cepti of aedia contleining carvohydrates, fatty

acids, glycerol etc. raises a cuestion as to these relationships,

salt. The amount of selt which butter contains is un-
gaestionably an important facior influencing the growth of molds
in this product. The resulis presented in the foregoing peges
demonstrate thet the effect of salt apor growth depends especielly
apon the individual species of molds, the amount of moisture
present and the temperature. In accordance with pany previcus

investigations, Oogpora lactis was checked by a slight concentratiomm

of sodiuz chloride in the substrate. Tne disappearance of this
fungus in sal ted bduller msy Bc explained on such a basis. The
species of ¥ucor and Rhizopus studied were only slightly more

resistant to szlt and comsecuently, one wonld not expect them to

be important in the m0Iding of salted btutter. 4spergillos niger

and Aispergillas flawus were found to e quite resistant t aiza

salt concentrations but when bubtter was kept at temperatures below
10° C. growth was iapeded. For this reason, their importance as
causes of moclding in butter siored at the usual commercizl temper-

atures is slight. 'The remainder of the molds stadied, namely Alt~




ernaria, Hormodendram end Penicillium were found to e capsble of
growing in quite high salt concentrations and st the lower temper-
atures. Inasmcch as these species produce the most marked changes
in the appearance, flavor and aromz of butter when they are able

to develop, they are of major importance. The species of Altermaria
and Sormodendrum studied produced dark green almost black, smndgy
areas on butier on which they grew. Their mycelia spread consid-
erable distances {rom the point of infection, voth alon; the surface
and 10 comsidersble depths in the bntter. The species of Penicillium
which were used did not mar the appearaace of the butter partic-
ularly, altho in some cases sui;ﬁciez_l_t green fruiting bodies were
fomed to give 2 slight, dusty diccoloration of the surfaces. the
effect of the cultures of Penicillium was largely apon the flavor
and arome. Buatters in which these species were growinz, otecaae
distinctly cheesy in flavor and odor, and in these crharacters sug-

-~ gested Roquefort cheese. In any consideration of the effect which
salt my have agpon the growih of mold in dutter, the concentmiion
of the smlt in each of tke droplets of water within the butter

most be $aken into acconnt. ZEven though a gravimeiric amalysis of
batter muy indicate a high salt content, it is important %o lmow

how m:.ch water there is preseni to carry thnis salt. Some of the

experiments reported in the preceding pages illustirate this point.




If the water and sal% percentages are both high, the concentration
of salt in the water mgy =ot be any higher than when the wobter and
salt cantents are both low. 3IZgweellyy, 1f $he wtier conbent is low
end the =1t content moderately high, the brine ma; be cuite highly
concentrated. Then, also, the salt may be vnevenly distribated in
the ninute droplets of moisture within the tulter. Some may repr
sent s strcnzg, and others o veak brize. The nnm‘per of conidis
present in butter, ever under extreme conditions, seldom will be
lerge, and never considecrable in proportion to the nauber of water
droplets. It is perfectly conceivable that en individual conidium
rey be allocated to & droplet of water containing 1ittle or no salt
and an aburdant supoly of food, axnl accordingly bBe able to gerainste

aad develop withoat restraint. It woald oanly take one sach instance

%o lead to serioas conseguences as far as molding is concerned. Thus

the effect which sali may heve upon the growih of mold on but}:er
vill depend entirely upon the relative comxentration of the selt in
the droplets in which the mold spores or mycelium may be located.
The molding of salted butier may have a2 partial explanation in this
coxdition and even though the composition cf the bubter and type of
mold may at first thousht have becn considered as a sufficient

reagson for expecting proteciion against such a contingency.



Species of Molds. It is clearly evident that the species
of molds must be considered es factors in the molding of butter. A
wide wriety of species have been isolated from butter. Among these,
the ien species selected for the studies reported were a1l capable
of growing in butter under favorable camditions. From the stand-

point of visible growth, Cospora lactis was the least noticeadle.

It appeared very seldom on the surfuace of trhe inoculatec butter
but evidently was able to develop in the unsalied butier as shown
Yy the fact that in neerly every instance the odor of the butter
became distirctly cheesy, resezbling most closely the odor of

Cheddar or Brick cheese. Aspergillus flavus prodaced a slight,

vhite felt upon the butter and also fruited extensively to produce

| yellow, or yellowish-~green sporangis above the sirface of the bubter.
It produced a rather indefinite change in the aroma of the butter
which was suggestive of fat hydrolysis and bordered on that pro-

doced in Roguefort cheese. Aspa'gillds niger likewise formed s

white, cottony layer of mycelium from which a large namber of choc-
olate-brown or black sporangia grose. 'rhe odor produced in the
butter was much the same.as that observed in the case of Aispersilians

flavas. 4ilternaria humicola grew extensively in the fom of a

white, surface oycelium vhich eventuslly became dark greem and pene-

trated into the mtter to cause a very dark, green or black smudge.




The odor produced was peculiar, wWith & suggestion of acetic and
butyric acids as well as a slight cheesiness, resembling a rather

poor omality of Cheddar. Hormodendrum cladosporioides grew rapidly

and extensively, producing dark green fruiting bodies promptly

and sending dark green %o black hyphae into the butter and spreading
widely over the surface. The principal change in the odor of the
butter wes the development of a mustiness, with a faint suggestion

of the aroma of an old cotlage cheese. .ucor sylveticus sent up

an extensive aerisl mycelium terminating in numerous creyish or
black sporangia. The odor of ine butier was rather indefinite but
resembled acetic and butyric acids, and also suggesied tallowiness.

Penicillium biforme and Penicillium expansum produnced white,

cashion-like spots wanich in time, became grey-green to dblue-green.

The aroma with both species was decidedly like that of Roquefort
cheese, altho there were some other indefinable odors noticesble.
The observation that the Pemicillium species were capabdle of pro-
ducing the characteristic odor of Roquefort cheese in butterfat and
butter when there were no visible signs of growth deserves mention.

In a sinilar way other molds may dbring about alieraticns in the

flavor or aroma of butier without affecting the appearance. 3Ihizopus

nigricans grew well on the unsalied butter and sppeared as a zass

of aerial mycelium topped with many black sporangia. The butter




was not markedly affected in odor altho a slight acetic acid aroma
appeared in tize. is may be seen, most of the mold species studied
grew quite well in buatter when conditions of humidity, temperature,
atmoschere and salt concentration were favorable, and produced
evident changes in the appearance and cdor of butter.

It is quite evident thet, gquslitatively and quantitatively,
butter containg a setisfactory supply of food for mold growth.
Thether or z0t molds will develop u.poﬁ a given lot of batter will
then depend opon a namber of factors among which must be considered
especially, the extent of the contemination, the species of molds,
the saupuly of oxygen, the temperature, and the concentration of
salt in the agueous portion of the bvutter carrying the major. portion

of the =most useful food constituents. A great deal of work remains

to be done to elucidate some of these points.
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STXKARY

1. Studies were made of sone of the factors inflpencing

the growth of molds in batter.

2. The ten species of molds isolated from butter and
gelected for the Investigations, were as follows: Alternaria

hozicola, Aspergilius flawus, ispergillus niger, Hormodendrum

cladosporioides, ncor sylwaticos, Oospora lactis wr. i., Oospora

lactis ver. B., Penicillium tifcrme, Penicillium expensum, and

Rhizopus nigricens.

3. The influence of the food sapply, molisture, atmosphere,

temperature, ond salt concentration upon the growth of the ien
.species wag studied.

4. Purified utterfat did nct serve as & resdily utiliz-
able food, nnless water wes present. In that cese, growih was only
moderate, however.

5. Llecithin proved to te a reasonsbly satisfactory food
for the molds atudied.

6. The hydrolytic productis of fat which provided fairly
satisfactory nutriment were glycerol, palmitic acid and oleic acid.

Alternaria humicola made slight growsth on medis containing stearic

acid as the only source of food. Ho growth occurred en a one per

cent solution of butyric acid.
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7. Compoounds containing nitrozem, such as peplone, card
from Mmtter and seram fron cream, were found to Le excellent sources
of food. Growith was luxuriant on the sabstrats contazining these

nitrogenous saobstances.

8. Lactoese and lactic acid in one per cent solutions
did not furnish especially good nuiriment.,

9. Solautions of milk ash were n0os readily atilized by
the molds studied unless ithey were aeatralized.

10. Corbinationg of fat, lecithin and wier; fat and
ash; fat, ash ani water; and lactose and peptore, providec for
vetter growth than that obtaired on the individmal sabstances.

11. The m0lds grew most extensively on the surfaces of

.xnedia containing nitrogen-bearinz compounds.

12. The zrowih on subsirata containing fats, fatfy acids,
glycerol, lactose or lactic acid was largely below the surface of
the median.

13. Unsalted butter coataining a mixture of fat, protein,
carbohydrate and ash, supporved active growih.

l4. The humidity of the atmosphere had a marked influence
upon the growthr of the molds oxn botter, especially whean the surface
of the butter was contaminated. A% low humidities growth was

checked. When the molds were actively growing in the cream before
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the batter was made, the humidity did not have such a2 pronounced
effect opon the growih.

15. Temperature exerted = marked irfluence npon the
growtlh of tie species In vorious substrata. Growth was active in

all cases at 20 to 25° C. Aspergillus flavus wes checied at &

temperature of 10° C. or lovwer; ispergillos niger, arnd Rhizojes

nigricans at 9° C. IZneor gylv.ticus grev in they medie and butter-

milk but not ia butter mpt at 0® ¢. Tae otner species were adle
to develop at 0° C. tut the crowth wes not as extensive or as
repid as that at 10° C. end 20° C. Time is a factor influencing
the grovth at low temperstures.

16. The species of molds studied were able to £T0w on
‘butter at 20 %o 25° C. shen under a vacoam of 25 inches.

17. A psrtial removal of carbon dioride from the atmos-
phere did not ;a'evént the growth of the mcldc on dutser.

18. Xone of the molds were able to develop when the
oxygen was exheasted from the atmosphere.

19. Szit exerted =« marked effect apon the growth of

certain species.

20. QOosgpors lectis, lcor sylvaticus and Rhizopuas

nigricsns were most readily effectcd and their growth was inhib-

ited when the concentration of salt exceeded five per cent.
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2l1. Altermaria humicola, ispergillus flavus, Aspergillus

niger, Homodendrum cladosporioides, Penicillinm biforme and Penicilliua

expansum were capable of growing in media containing 15 per ceut of
salt. In some cases, the species of Penicillium showed slight
growth when the smlti percentage was as high as 20 per-cent.

22, T™e extent to which salt inhibited the.growtb of the
molds studied depended unpon the species of molds, snd the tempera-
ture of incabation.

23. All of the species of molds studied were able to
grow on butter when conditions were favorable.
24. The appearance of the butter was marred most exten-

sively by Alternaris hamicola and Hormodendrum cladosporioides.

The flawor and odor of the butter were effected seriously by all of
the other species.

25, Since an ample food and waler supply is provided,
the growth of molds in butter gppears to depend largely upon the
species of mold, the humidity of the atmosphere, the supply of
oxygen, the temperature of storage, time, snd the concentration of

salt. These influences mey act separately or collectively.
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