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In the work herelin reported, en sttempt was made to
determine the csuses of a number of the more seriocus defects
of blue cheese. The defects Investigated are:

a. Soft edge defect of blue chesse

b, Gas formation In blue cheese

¢. Lack of mold growbh in blue cheese
d. Fruitiness in blue cheese

e. Black discolorstion of blue cheese

f. GOray discoloeration of blue chease.



HETHODS

Hanufseture of Blue Chesse

All milk used for the manufacture of blue cheese was
homogenlzed at 929F, and a pressure of 2,200 pounds per
square inch. Two per cent of a cheese culture was added tﬁ
the milk and the milk ripened to an scldity of 0.19 to 0,20
per cent, Rennet was added at the rate of 3 ocunces per
1,000 pounds of milk; it was diluted to 20 times its volume
wlith water before sddition to the milk. The milk wss set at
889, A setting pericd of 1 hour was used, after which the
curd was cut wilth one~hslf Inch knives., The curd was
allowed to sebt for 1 hour with occaslonal stirring and then
dipped into swiss chesse cloths, where it drained. After
draining for seversl minutes the mold powder was added end
the curd hooped. The cheese were turned for the first time
15 to 20 minutes after hooping. They were turned again
four or filve times at incressing intervals during several
hours and then drained over night. The cheese were dry
salted at the rate of 6 pounds of salt (NaCl) per 100 pounds
of green cheese., After salting the cheese wers punched and

placed iIn the curing room.



8
Fanufacture of Cheddar Chesse

The milk used to mske cheddar chesse was ad Justed
to 86°F, in & vat. Two per cent of cheese culture was added
and the milk allowed %o ripen to an aﬁiéity of 0,18 per cent,
caloulsted as lsctlc acid. Cheese color was added at the
rate of 1 ounce per 1,000 pounds of milk and rennet extract
at the rete of 3 ounces per 1,000 pounds of milk, The
rennet was diluted to 20 times its volume with water before
being added to the milk. The milk was set for 25 mimites
end then cut with three-sixteenth inch knives. The curd was
cooked st 102°F, until the scidity In the whey resched 0,16
per cent and the desired firmness of the curd wes obtained,
After dipping, the curd was cheddared until about 0.5 per
cent acidity in the whey was resched. Upon completion of
the milling, the curd was forked for about 15 mimutes and
then 2 per cent salt was added. As soon as the salt had
completely dlssolved, the curd was pleced in 5 pound hoops
end pressed over night. The chessewere dried in a 50°F,
refrigerator for 2 days and then paraffined. They were then
placed in & 50°P, curing room to ripen.

Wedle Used

Tomato Julce agar was made as follows: For each liter,

400 ml. of tomato Julce {obtained by filtering csnned
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tomatoes) was neutrslized te a pH of 7,0, Ten gm, of Baecto
peptone, 10 gm, of Bacto peptonized milk and 15 gm, of agar
were dissolved in 600 ml. of water by boiling, after uﬁiah
the preparation wes made up to the original welght end added
to %ha tomato Julce. ?&a‘m&ﬁinm.ﬁaa sutoclaved st 15 pounds
pressure for 20 minutes, filtered and then distributed in
tubes or bottles and egain sutoclaved,

Preparstion of ecidified %au‘ké_;miaa ggar
Tomato Julce agar was adjusted to a pH of 5.5 by

adding a sterile 10 per cent solution of tarteric acid
juaﬁ‘bﬁfara/pan»ing into plates.

Preparation of Czapek's agary

Czapek's ager was made by éiaaéiviug the following
ingredients iIn 500 ml, of dlstilled water:

Sodium nitrate 2.0 gm.
%nﬁamga&aaaium phosphate 1.0 gm.
Potassium chloride 045 gﬁg
Hagnesium sulfate OB pgus
Ferrous sulfate - 0.01 gn.
Suerose 30,0 gm.
Agar shreds 20,0 gm.

After making up to 1 liter, the medium was eutoclaved for 20
minutes st 15 pounds pressure. It was then flltered, dis~
tributed in tubes or bottles end again sutoclaved.



Beef infusion sgsr wes prepsred by the method outlined
in the Commlttee Report on "The Hicroblelogleasl Analysis of
Batter® (7).

Flating Cheese

Freparation of sodiwnm eitrate solution

4 2 per cent solutlon of sedlum cltrete wes prepered
by dissolving & 2 gm, of aodlum eitrate in 100 ml, of dig-
tilled water, It was pipetted into test tubss in 9 ml,
guantities, stoppersd snd sterllized in the autoclave.

The btubes were stored in a refrigerstor unill used,

Prepsration of fat emlsion

The fat ermlsion was made by adding 0.5 gm. of agar
and 3 mi. of cotton seed oll to 99 ml. of water In a screw
eap bottle. The meterial was sterilized in an autoclave
end allowsd to cool. As the agar aﬁafﬁaé to so0lldify, the
bottle was sheken te emulsify the fat. The smulsion was

stored in a refrigerator until used.

Preperation eof plotes

One gm. of cheese was welghed on a sterlle plece of
paper and trenafemed to & mortar, To thls wss added 9 ml.

of 8 sterile agueous sodium ¢lirste solution, The cheese
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was ground until a homogeneous suspension resulted, One
ml, of the exmlsified cheese was used In making subsequent
di1lutions, The dilutions employed in the plates ﬁmaa
1+10,000, 1-100,000, wxwumwouaamu wiwauamauamaq and 1=
100,000,000, Beef infuslon agar wes used to meke the total,
proteolytie end lipolytic bacterial counts; for the proe
teolytic counts, 1 ml, of sterlle skim milk was added to ead
plate before the ﬁ@mw wes poured and for the lipolytic counts,
1 ml. of the fat emulslon was added,

Czapek's snd acidified tomato jJulce agars were used
in plating for molds, awwww tomato Julce and acidifled tomato

$ulce agars were used for the detection of ysasts.

Determinsetion of pH

Two gm. of cheese was placed in s mortar end ground
to & thick paste. Ten ml, of bolled and cooled distllled
water was sdded, snd the mixture ground to s homogeneous
suspension, HNeasuremenis were made with a potentiometer,

using & quinhydrone electrode end ssturated celomel cell,

Determination of molsturs and salt {¥all) in cheesse

The methods adopted were those recommended by the
Subcormittee Report on "Determination of Fat, Molsture,

and Salt in Herd Cheese® (8).
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EXPERTHENTAL

Soft Bdge Defect of Blue Cheesne

A defect in which a portion of the edge of a chegse
beeomes soft iz occaslionally noted In blue cheese. The
high humidity st which blue cheese mst be ripened may
favor the development of undssirable condltions other than
those encountered in asll ripsned cheeses, The séfz edge
defect 1s of practleal importance becsuss the defective

edge must be removed belfore the cheeas ls marketed.

Generel Observations

The defect in a soft edge cheese is confined to the
edges and lmmediaste vicinity. It ususlly penetrates to a
depth of 0,28 to 1 inch and may extend completely eround
the cheese, I the cheese ls not handled or disturbed, it
appeers normel In shape and color end hes the usual slime
formation on the surface. When the firmmess of the cheese
is tested by pressing with the thumb or fore finger, the
top, sldes and bottom of the cheese srs firm whils the
edges are soft. There 1s no gradusl softening as the
defective edge is spproached but rather a sharp dividing
line between the flirm cheese and the goft edge. The
surface of these soft edges 1s very easlly slipped off
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exposing sof't cheese beneath., The soft cheese has the

celor and cangiateney of o well rlpened camembert. At
first, the soft yarﬁiaﬂ does not seem to have eny off flavor
or odor, but after a period of about 1 month 1t assumes a
1imbg;gar-1ika cheracter, This 1g confined to the solt
materlal end appears bto have 1little Influence on the flavor
of the normal portion,

Detalled observebions on this defeet were limited to
one plsnt. The first signs of soft edge were noted on
ehaﬁsa which hed been ripened from 4 to € weoks, In sowme
of the recks of ripening cheese the defect had only developed
on one or two end cheese, Wlih othera the defect had ‘
developed on the edges of one slde of each of the cheese.

In some Instances the defect extended completely around

each cheese, and when thls occurred 1t was often found that
the defect was mmch more pronounced on one side of the cheese
than on the other; in some cases there was evidence of the
defect on chaese in the adjacent rack. The defect was not
present In all the cheese of a single day's make but fre~
quently occurred in some of them and not In others. It was
much more prevalent during the 8pring snd Sumrer than during
the Fall and Winter,

Investigatlon showed that aheaaa in the curing room
neer the refrigeretion plpes end the Inmidifler had the
groatest tendency to develop soft edges. Thla would indi.
cete that high bhumidity hed something to do with the defect.



Other evidence to support this wsas the [act that if the
position of the cheese in the curing room was changed,

certain locatlions seemed to affﬁeﬁ & pertlsl recovery.

Experimental

Since the general observations lndlcated thet
excesalve humldlby in certain locstions is cl§a&ly related
to the development of the soft edged'defect in blue cheese,
attempts were made to reproduce the defect under experiw

mental conditions.

Triel 1. -
| Two small, 2,5 pound cheese, which were normal except
for size, were placed in the curing room, one neer the
bumidifier and the other es far as possible from eny asource
of free molsture. After 1 month of ripening the nhaa#a
near the humidifier had developed a more luxurlsnt slime
formation than the control chesse. 'The top, bottom, sldes
and edges of both cheese wers normelly firm. After 6 weeks
ripening the cheese nsar the humidifier had developed soft
edges, whereas the control had not, and after 2 months
ripening the former cheese had developed en sdvanced stage
of soft edge. The edges of the chesse had broken aﬁay in
spots revealing smooth, araamy'mazariai having a limburger-

like odor« In comparison the control cheese wes firma and
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appeared to be r&pening normaelly. The cheese near the
humidifier wes moved to a position near the control and
alla%&é to ripen another month. This resulted in a general
firming of the outside of the chesse. At this time both
chesse were cut and observed. The mold growth was good in
both cheese. Nelther cheese had developed more than a
suggestion of & rogquafort flavor. The body of the soft
edge cheese wes not as firm as the contrel, probasbly
indieating e higher molsture content. A distinet divislion
was noted between the soft edge snd the normal cheese. The

sof't edge had penetrated to a depth of about 0,75 of an inch,.

Trial 2. ,

After salting snd punching three normal sisze cheese, a
pert of each cheese was coversd with dry ebsorbent cotten,
The cheese wore then placed in different parts of the curing
room to ripen, The positions chosen for the chgaaa'repra*
sented the aversge ripening conditlons in the curing room.
The cheese were sxamined at 2 week intervals, The exposed
partianyef each cheess developed a normel slime formation,
wharéaa‘thg covered portion was slow in developing slime and
the amount wes less thsn sverasge. The absorbent cotton
remained dry for ebout & month, after which a gradual
maia%ening took plagﬁ.' By the time the cheese had ripened
for 2 mwntha, those portions of the cheese covered with
absorbent cotton haed developed aért edge, With all three
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cheose the soft edges had a tendeney to penetrste deeper
than usuel, The defect was not confined entirely to the
edges of the cheese but had a tendency to spresd back from
the edge and follow ﬁhﬁ outline of the absorbent cotion,

The econslisteney of the soft edge material wes charscteristic
of the defect, butvit had not developed an off odor. When
finelly cut the normel portions of the cheese showed good

mold growth snd {lavor development.

Trisl 3. |

During the making of two normel size cheese, a 2 inch
cube from s peeled potato was placed In the curd used for
one of them in such = pﬁaiﬁiaﬁ that it was nesr the center
of the resulting cheese. After salting snd punching, the
cheese containing the potato {thﬁ exporimental cheese ) was
partly covered with pliofilm while the other cheese (the
control cheese) was not, In the curing room the cheese
were placed near a humidifler to ripen., After a ripening
period of 6 weeks, the unprotected portion of the expsri-
mental cheese and the control cheese had developed soft
edge. The pliofilm was not removed from the experimentsl
cheese but the cheese underneath appesred normel and was
firm to the touch. After a ripening period of 2.5 months
the unprotected portion of the experimental cheese end the
control showed the soft edge defect in an advanced stage.
The defect had spread bsck from the edgs, snd the soft
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meterial had s limberger-like odor. The cheese under the
pliofilm still appeared normal to the sight and touch.
When cut, both cheese hed a normal mold growth and a good
flavor. The soft edge defect had penetrated sbout 1 inech,
A sherp dividing line was noted between the normal cheeze
and the defective cheese, The half of the experimental
cheese left unprotected appeared wwﬁ_mwaa a8 the control
cheese while the protected halfl was normasl in all respects.
When the cheese contalning the potato was cut, there
was a cavity in 1t about the size of the orlginal plece of
potato. In this cavity e shrunken, brown, dry, mass wes
all that remained of the plece of potato, Evidently the
chesse Wﬁa dehydrated i1t. The results show how readily

the cheese takes up molsture,

mmﬁ.,uxﬁur 4.

After salting and punching three normal cheese, they
were pleced in & cooler to dry. Three days lster the cheese
were removed from the cocler and wwww,a% each was paraffined.
The cheese were then placed nesr the humidifier in ths
curing room to ripen, At intervels the cheese were turned
in the rack sc that all parts of the cheese would be
subjected to the same general conditlons, espscially
exposure to free molsture. mﬁwaﬁ‘wwwwwwmm for 2 months
the unparaffined portion of esch cheese had dsveloped soft
edge whlle the peraffined portion was firm to the touch,
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Two weeks later the cheese were cut, The unprotected helf

of sach cheese showed & pametratiaﬁ of the soft a&gs defect
of 0.25 to 0,75 inch. The mold growth was normel aend the
cheese had developed a good flavor, The cut surface of the
protected portlion of each cheese showed that there had
heen ne softening under the paraffin., ¥When the paraffin
was removed, the surfaces of the chesse appeared to be

Just the same =8 they were the dey they were paraffined.
The mold growth in the portected parts of the three chease
varled, In two of the cheese the texture was falrly close
and showed little mold growth; the flavor in thils ares was
lacking., In the third cheese, however, the texture was
more open and no difference in mold growth and flsvor could
be detected betwsen the pasraffined end the unparaffined

portions of the cheese,

Trisl 5, |
A normel cheese was used to study the effect of certain

hygroscople msterials with reference to their abllity to
produce the soft edged defect. After salting and punching,
the cheese wes placed on a board In the center of the curing
room. Two aluminum rings, 0.5 Ineh deep and 2 inches in
dlameter, were used to keep the hygroscopic mebterlsls in
definite areas. One ring was filled with calcium chloride
end the other with sodiwm chloride., As these salts took

up molsture and in turn were tsken up by the cheese,
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due to bacteria, the cheess should show the presence of
significant numbers of proteolytic types. awa beckarial
counts Indlcate that in no cese were significant rumbers
of proteolytiec or lipolytie bacterls detected in the soft
material., \ . |

Figures 1. and 2. lllustrate the soft edge defect
in the cheese snalyszed; figurs 2, shows particularly the
depth to which the softening may penetrate.

Discussion

The development of soft edge in blue cheese appears
to be the result of an accumulation of meisturs on the
cheese, The wemwamw place for softening to occur would
be the edge, since here two surfeces are separated by a
relatively small amount of cheese and the ratlo of
deposited molsture to cheese 1s high., Nolsture deposited
on other parts of the cheese would not have the same
significsnce. The Increase in molsture results Ina
decrease In salt content, and this in turn may permit
grenter activity of orgenisms or of thelir enzymes,.

In a curing room & humidifier may be responsible for
moisture being deposited directly on the cheese near 1it,
the smount depending on the manner of operstion and other
factors. Ordinarily, a humidifier is essential in a
curing room but 41f 1t 1s properly locsted and shlelded



Figure 1. Cheese Showing Soft Fdge Defect

Flgure 2. Cheese Showing Deep ?&n&tratiaﬁAéf
Sof't Bdge Defect
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Hiatorical

The gassy defect in cheese hes been studied by
various Iinvestigetors but, in genersl, they have confined
thelr observations to cheese of the cheddar type. Hoore and
Ward (21) reported that a gessy condition in cheese curd,
which was accompanied by an off odor, was due to an

Escherichia-hercbacter orgenlsm. Mershell (18) noted that

the eolon orgenisms produced gas holes in cheese alone but
riot when aége@é\sﬁartar wae added. In New Zealand,
Whitehead (28) found that when colon types were added to
milk, the Qasulting cheess developed unclean flavers but
no gas holes. Lelteh (17) reported that the production

of gas in éhﬁdéar cheese @ﬁrﬁ ﬁ&$ mostly dus to the colon
group but somstimes was due to Bsclllus welehil or certain

yeusta o

Experimental

Although the general observatlions indlcete that ges
pra&aetian in blne cheese doss not have the same signifi.
gence that 1t does in cheddar cheese, several trials were
carrled out, to determine the Ilmportance of gss production
by the Escherichia~Aerobacter bacteria in blue cheese,

cheddar cheese being used as a control,
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Trial 1.

U A quentity of feir guality raw mllk was obbalned
and divided into two equal portions of about 100 pounds
each. The gilk for blue cheese was homogeniged, cooled
to 609F, and placed in a refrigerstor. The milk for cheddar
cheese was divided into two equal portlons of approximstaly
B0 pounds ssach, and each lot was placed in & compartment of
a five section sxperlimental cheese vat. Two per cent
cheess starter was edded to each portion. Oné portion was
used as a control snd to ﬁhe‘@thsr was added 10 ml, of a

milk culture of Asrgbecter serogenes* which had recently

been lsolated from gassy cheddar cheese. The cheese was
menufactured in the usual marmer. When it had resched
the cheddering stege, the homogenized milk wes teken from
the cooler and the marufscture of the blue cheese was
begun. This procsdurs wes necessary becsuse of the dif-
ferent temperatures employed in the menufacture of the two
different types of cheese and becsuse sll five compartments
of the vat wers heated by the same Jacket. The milk for
the blue cheese was divided Into two eguasl portions of
approximately 50 pounds esach and esch lot placed in one
of the unused compartments of the cheese vat. Two per

ecent cheese storter was added to each lot of milk., One

¥ The culbture was identiiled on the basis of the characters
%éﬁhsd in Bergey's Nagnual of Determinative Becteriology



*poma} Jucd odes Jutmedia Jo yauowm T Jo pue 9yl
48 OpBE SUOIFPAJESQO O] *3N0 SJdeM FOSESYD eulq oyj pue
Jeppeyd eys yzoq sujuowm g Jo popasd Bujuedid B JI83JV
, *pejou
Suteq seroy s88 20 BJI0ABLJ JJO ou ‘pood casm esseyd yoq JO
eanqxeq pus YImoaB prOW Oyg 1843 DOJBOIDUl YDEe WOLJ UABID
g8ntd (eseass pus *remaou sum yoes Jo eocusgsedde spisyno
OUI °*9ND 30U 60 NG OSTY SW[§ STUS 38 DOUTWLSXS SIM
QE60YD ONTq Syl °*UBeTO puw pPrIE odem ‘Jsasmoy ‘Jope puw
JOABTY oyl *seroy 88 Jo ea13eelfne sBupuedo Jo sequmu
Trews ® puyg 37 ‘3asd jeom  euyy J0F PITOS %A @0EJINS MO
o3 oyIyus pus *oousavedde epIeINO TBWIONR B PBY ONEVUD J8D
~poye TOIIUCD oyl *esesyc Lssu¥ Jo eayyseffns pus uweTouUn
SI0M JODO DUB JOABTJ OUl *®eTOy $5% TIPWE JOo sJequmu ofasy
pemoys e9BJane 3no eyz puw peSrng Araufire LJea ssva 988D
Jeppeyo tejueuwtsedxe eoyy Furuedld Jo YIUOW T J63JY
uodid o3
deToov @seeyd [wjuewiaedxe *J,00 ® ul peowtd pus ‘peuryysand
“peTap odes eseeuc omj oyy *spunod g LrTegsurxoudds Jo
JB0T ® ojuyp pessead sus guowqssdEOD YOES WOJJ PIND OSOOYD
asppoyo eyr *uedis o9 wood Burano eyz ug @ma%am pus peyound
‘DO TES RJ02 ©8OOUD OMg O] *9868UC O[S THUIOU 8uUO
epow juemgJsdwod YOVe WOIJ DIND S8LOYD enyq oY *Jeuunew
TBNEN Y] U] POJNIOBJINUNE SBM SE0OYD SYL *O£00UD JIBpPPOUD
Y] Y3 TA pesn BOUSAOASS *§ JO oanjInd ey3 Jo *Tuw O peppe

BEA JOU30 eyl 03 pus Toajuod v g gdey sea juswgasdmod

&3



30

Trisl 2.

A good quality raw milk waéwabtaimﬁé end trial 1
repeated, with the exception that to each experimental lot
of milk 20 ml. of a milk eulture of A, gerogenes was asdded
insteed of 10 ml., The cheese were allowed to ripen 2
months before belng cut and observed, The experimental
cheddar cheese waz normael in shape but the cut surface
showed large numbers of gas holes and the cheese had an
unclean flavor, The control chedder cheese was Qlaze
textured, free from any openings suggestive of ges and
had a mild, clean flavor. The experimental blue cheese
showed o few small gas holes but the rumber and size were
such thet they would bes noted only on careful examination;
for the most part ﬁhﬁ~hﬁlﬁ5 ware in the outer portion of
the cheese, As ls usual, the center of the cheese was
more open than the outer portion. The mold growth in
the cheese was normal snd some of the characteristic flavor
hed developed: an unclean flavor was not detected. The
control blue cheese wes free of ges holes, The mold growth
was normal and the cheese had b@gﬁn to develop & desirable
flavors

Figures 3 end 4 show the cut surfaces of the experi-

mental and control cheddar chesse.

Triasl 3‘.
¥ilk similer to thet used in trisl 2 was pasteurized
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Pigure 3, Uaasy Cheddsr Cheese Nade From Rew Milk
Inoculated With Aerobacter derogenes

Figure 4., Control Cheddar Cheese Kade Without
Inoeuleting Raw Milk With Aerobscter serogenes
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at 142%F, for 30 minutes, and trial 2 was repeated. The
cheasa were allowed to ripen for 2 monthz end were then
.ﬁut end observed. The expsrimental cheddar cheese was not
deflnltely ﬁulged; however, it was f1lled wlth many small
gas holes end had an uneclean, 8lightly bitter flavor, with
no typieal chedder cheese flavor, The control cheddar
cheese was close textured snd free of gas holes but was
alightly bitter end lacked cheddar cheese flavor, Both
blue cheese appeared normal end showed no gss holes; with
each there was a more compact snd brittle body then 1is
normelly found in rew milk cheese, and although thers was
good mold growth the cheese lacked flavor.

The cut surfeces of the experimental and control
cheddar chesse are shown in Plgures 5 and 6. From Flgures
7 and B 1t 18 evident that the ﬁat surfaces of the experi-

mental snd control blus cheese were vssentislly the same,.

Trisl 4.

Regular pasteurlized market milk was‘nsed to repeat
trisl 3. The results were essentlially the sam¢e sas those
obtained in trial 3.

Disoussion

The meh greater productlon of gas holes by A. aerogenes

in cheddsr cheese than in blue cheesse presumsbly was dus to
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Figure B, (asgy Chedder Cheese Made From Pasﬁauriaaﬂ
Milk Inceulated With Aerobacter aerogen

Figurﬁ 6. Control Chedder Cheese Made Without
Iﬁecnlaﬁing Pasteurized Nilk With Aerobacter gerogenss
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Figure 7. Blue Cheess Made From Pasteurized ¥ilk
Inceulanted With Aerobscter gprogenes, No Gas Evident

Figure 8. Blus Chesss Made From Pasteurized Milk
Yot Inoeulated With Asrcbacter gerogenes, NHo Gas
Fvident — |
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seversl factors. Perhaps the moxt Iimportsnt was the
difference in texturs between the two types of cheese,
In chedder cheese the btexture is close and reterds the

: escapes of gas, while in blue cheese the texture 1s open
and ges should escape readlly.

In wilk used for blue cheese, homogenlization results
in an early production of fetty eclds which have an
Inhibitory effect on varlous bacterias, While the cheese
c¢ulture organisms apparently develop rapidly in the milk,
they are present in relatively lerge numbers snd less
effect would be expected on them than on speciss present
in much smeller numbers,

The temperatures 3$p1ay@ﬁ in meking blue cheese are
not as high, especielly during the cooking process, as
those used in cheddar cheese. The higher temperatures
in cheddar cheese would tend to favor the development of
A, serogenes.

Presumably, the results obtalned with 4. merogenes
sre sssentlally the seme as those thai would be obtained

wlth other specles of the Kscherichis~Asrobscler group.

Conclusion

‘Gos formation 1a of relstively 1little importence in
blue cheese, presumably becsuse of the open texbture, which

permits the gss to escspe, snd the unfavorable conditlons
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in the cheese for the growth of the common gas forming
orgenisms. Trisle with a culture of A. serogenes freshly
isolsted from gassy cheddar cheeses showed that inoculations
{of the milk) which resulted in very gassy cheddar cheess
caused no gas holes or only insignifliecant numbers in blue

choese,
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Leck of lold Growth In Blue Cheese

A lack of mold growth occaslonally iz noted in blue
cheess, In certain cases 1t preobebly 1s censed by too
short a ripening periaé, This undaubta&iy epplies to some
of the forseign cheese, especirlly when there is elther s
shipping desdline or a sharp increase in demend, With
further ripening such cheese commonly develops a normal
mold growth and flavor. In other ceses the cheese lacks
mold growth even sfter extended ripening., Often this
defect is not discovered until after the cheess has been
cut, at which time the csuse iz difficult to determine.
Qccasionally, however, the defect 1s dlsecovered at such
g time that definite informstion on 1t can be obtained,

Gﬁﬁeralkeba@rvatinna

An ap@artﬁnity to study an outbreak Invelving =
lack of mold growth in blue cheese ocourred when a commerw
¢ial cheese plant experienced the defect, The outbresk
occurred suddenly. A high quality cheess was produced up
to and including the lot mamufactured December 24, 1938,
Cheese memufactured on and after December 25, 1938, dld
not develop normsl mold growth or flavor. From the dally
plant records 1% was noted that the chessemaker had
obtained from a laboratory a freeh supply of mold powder
on December 24, 1838, This mold powder waes used to mske
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lighter in color then normel. It wes plated on Czapek's
agar and the plates incubated st 21°C, Hold colonies
developsd rapidly on this medium and had s wide margin of
sterile mycelium, The spores were blue green in color

and spresd from the center to the outslde of the colony
with egs., While the colonles of the mold were not typlesl
of Penicilllum rogueforti, they were near enocugh to be

accepted as one of the specles of Pentcl

llium used in
meking the bine wvelned cheeses., When the questionable
mold powder was plated on scidified tomsto Julce agar
under the same conditions, a very different type of
colony developed. The colonles were more compact, slower
growing, white in color and falled to produce a blus green
color even after weeks of growth; they did not resemble
colonles of the penicillie commonly used in blua vained
cheeses., Flasks of whole wheat bread were inoculated with
the questionable mold powder and incubgted st 10°C., The
raaulﬁiag mold growth was blue green in color and sppeared

to be identical with that of normal P. rogueforti,

Trisl l.
An sttempt was made to reproduce the defect in

experimental cheese by lnoculating with the orilginal
questionable mold powder, A quaniity of blue cheese curd,
sufficlent to make three cheese of about 2.5 pounds each,

was prepared. Thls wes divided into three portions. To
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one lot waes sdded normal mold powder, to the second lot a
mixture of guestionable and normal mold powder and to the
‘third lot only the questionable mold powder, The curd was
then hsndled in the usuel msnner, After selting and
’yunching the cheese, the surfece of the cheese contalning
only the guestionable powder wes trested with calelium
propionate and the cheese wrapped in parchment paper fo
1limit mold contaminetion from the outside, The three
cheess were then placed in the regular curlng room. After
& ripening perlod of 2 months the cheese were cut and
observed. The cheese econtaining the mixed powder showed
aress of normal mold growth snd other aress in which no
mold growth could be detected, The cheese containing the
questionable powder d4id not show eny mold growth. The
conirol cheese had a normal mold growth. When the cheese
had ripened for 3 months, they were cul and observed a
second time, The cheess contalining the mixed powder did
not show any marked lmprovement In mold growth, although
there was some increase, Flavor development wes lacking.
o mold growth or flavor was noted in the cheese containing
the quéatiaﬁabla powder. The control cheese hed about the
ssme mold growth es when first exsmined but was definitely
laeking in flavor.

Trial 2. , ,
Trial 2 was a repetition of trisl 1 with the
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exception thet the awm@mw were of normal size end the one
made with the questlonable wwamau was not treasted with
caleium propionate or wrapped in perchment. The cheese
were ripensd 2 months end then cut and observed. The
chesse contalining the mixed powder showed a fair btut rather
irregular growth of normal mold but had not developed any
appreciable flavor. The cheese containing the questionable
powder showed an occesionel smell srea of normal mold
growth, These areas were near the surfece of the cheese
and sppeared to have ww@m due to sn invasion of the cheese
through the punch holes. The control cheese showed a good
mold growth end had developed some flavor,

When the cheese had been ripsned for 3 months, they
were agaln cut and observed, The cheese contalning the
mixed powder hed improved somewhet in mold growth and had
- developed = falr flaevor. The cheess contsining the ques~
nwaﬁ%wwﬁ powder sppearsed about the same as st 2 months;
however, in the smell sress of normsl mold growth cews
flavor development had taken place, The control cheese
hed sboubt the ssme mold growth ss at 2 months end had

deaveloped a fine flavor.

Triel 3.

Seversal ssmples of the originel commercial cheese
showing a lack of mold growth and several ssmples of

experimental cheese showing the defect were plated in
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the ususl manner on Czapek'!s and aseidified tomato julce
agars. Characteristlc colonles of the gquestionable mold
were noted on plates poured with esch cheese. Some of
the colonies were picked end purified Ly repeated platings.
Powlder A was prepsred with s culture obialined from
the commerclal cheese by inoculeting whole wheat bread in
the usual manner. Fowder B was mede with a culture isolated
from sxperimental cheese that lacked mold growth,
Sufficlent blue chesse curd was prepared bto meke
three normal size cheese., The curd was divided into three
portionzs. To ths first lot normsl powder wes added, to the
second lot powder A was added and to the third lot powder
B was added., The cheese were handled In the usual manner
gnd after salting end punching were placed in the regular
curing room. After a ripening peried of 2 months the
chesse wers cubt snd observed. The two cheese made with
powder A or powder Ejﬁhﬂﬁﬂﬁ very little mold growth and
hed no flavor. The control cheese had s normal mold growth
end had developed considerable flavor, After 3 months the
cheese were agaln c¢ut and observed. The cheese made with
powder A end powder B were stlll lacking in mold growth
and flavor., The control cheese appoarad about the same

as when previously examined.

Jdentification of mold in defectiv

A nmumber of mold cultures that had been l1solated from
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the originel defective mold powder or from cheese made with
it, as well es cultures from the experimental cheess that
lacked mold growth, were studled in more or less detall,
Identification studles were carried out with cultures grown
“on Czapek's agar. MNleroscopleal observations and measure-
‘ments suggested that the organlsm wes Penlcilllum echinsbum,
ascording to the classiffeati~n of Gilman and Abbott (11).
Cultursl charscteristics sugcesved that the organism wae

2. roqueforti sccording to Biourge (3). The cultural
characteristics were accepted rsther thsn the microscopleal
observations and the mold is conslidered to be an atypleal PE.

rogueforti.

Disecussion

S&varél species of the gemas Penielllium have been
nged successfully in th&‘ri§§aing of blue cheess but other
specles are not sstlsfactory. Although the orgsnism
present 1n thé defective mold powder was ragarﬂad'ﬁa an
atypical strain of P. rogueforti, it dld not develop well
in blue cheess. The culture used i@ prepsre the powder
had been carried on an artificlsal medlum for an extended
period, anﬁ this may have resulted in a veriation; hnwaver;
there remsins the ga&aikiligy of the contamination of the
culture with an orgeniasm which outgrew the original type.

Becsuse of the very close relationshlp bebtween
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cortaln specles of the genus Penlellllum, 1t would be
difficult to detect contamination or varlation of a eule
ture uged to prepare mold powder. In case thers was
contamination, or varlation the first indleatlion might
be the fallure %o produce normel meld growth in cheese,
The guestlonable mold powder wss sent to two
conmercial cheese plants, One plant hed difficulty in
zetting & normael mold growth with it whils the other d4dld
not. The plant heving 4ifficulty recelived and used several
pounds of the powder while the other plant recelved only
1 pound, At the plant having no difficulty, the cheese
normaelly had an umusually extensive mold growth, although
the rate of inoculstlion of powder was the same sa in
plents making cheese with lesg abundent mold growth. This
Indicates thet the chesse mede in the éne plant was either
roceiving & naturel Iinoeulation of mold while belng merm-
-factured and ripened or that conditions were exceptionally
favorables for mold gﬁewﬁﬁ in the cheese. The experimental
resultes support the former nasumpti@né cheese Inoenlated
with guestlonable mold powder, treated with calcium Pro=
plonate and wrspped In p&rehmaﬁt-paﬁer falled to show any
growth of normal mold, wheress cheesze not trested wlth
calcium proplonate or wrepped in psrehment showed some

areas of norwal mold growth., It eppesrs thet under certain
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conditions encugh natural Inoculation occurs to produce
fair mold growth snd flevor In cheease,

In order to avold slow mold development in the cheese,
the mold powder mmst be carefully sontrolled, It is
adviseble to establlish the effectliveness of & new lot of
mold powder by using it In one or two runs of chesge before
1t is employed In more exbensive operations, There maey be
an sdventage iIn oeccasionally lsolating a fresh culture of
P+ rogusforti from s good blue cheese and using 1t in the
praparaztlion of powder,

Conelusion

The lack of mold growth in the outbresk studled
spparently was csused by the use of a mold powder in which
an atypleal strein of P. roqueforti predominated. The
veriastion in the mold may heve been caused by the long
continued cultivation on sn artificiel medium of the cul-

ture used tc prepare the powdler.
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A sweet, frult llke f{lavor develops in chesse of
various types. If the flavor does not develop in a
chegse until after it 1s well ripened, it commonly 1s
not conspicuous end 1s not severly criticized, Ocaslonally,
the flavor is noted in young cheese and then 1t 1s am
indication that the cheese is not ripening properly.
Fruitiness occurs rathmr frequently in domestle blue
cheese, When slight, the defect 1s not objectionable

to most people.

Gensral Observabions

In general, blue cheese with a frulty flavor have
a2 normal appearance., The defect cen be detected by
smelling or tasting the freshly cut surface of the
éhgeseg‘ When the defect is slight, the frulty flevor
seems to blend with the normsl flavor of the chesse,
but when it is pronounced the frulty flavor ls conspleunous,
In young cheess the defect is ususlly assocliated with =
soft body, wherees In old cheese the defect is present
in cheese with either a firm or a soft bedy. The pressnce
of & yellow green mold has been noted in some fruity
cheese, but such e mold has also bsen noted in cheese

which were not frulty.
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Historieal

A frulty flever ls known to ocecur In varlous cheessses
and is quite common in cheddar cheese, Herding, Rogers,
and Smith (14) studied a "sweet" flavor defect in cheddar
cheese snd concluded that it wes csused by yeasts. A&n
outbreak of this defect 1in Cenedlen cheddar cheese was
studied by Hood (15), who attributed it ko the high yeast

content of the chessas,

Experimental

Because of the apparent releationshlp between a soft
body and high molsture content In cheese snd the development
of & frulty flavor, eight frulty cheese and elght normal
cheese were analyzed for moisture and also for salt. Each
cheese rapraﬁ@nﬁa & different lot end all were obtalned from
one plant. The date are presented in Table 2.

From the results 1t 1s evident thsat the molsture
contents of the frulty cheese were dsfinitely higher than
these of the normal cheese; the lowest molsture content of
the fruity cheese was higher then the highest molsture
content of the normal cheese. The average moisture contents
of the normel cheess and the fruity cheese were 40.07 per
cent and 48.25 per cent, respectively. Both the normal

and frulty cheesse showed wide verlations Iin galt eontent,
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Table Le

MOISTURE AND SODIUE CHLORIDE CONTENTS OF NORMAL
ARD FRUITY BLUE CHEESE

Normal cheese | ,::y Fruity cheese
Ghaaaai?ar eant: Per cent i: Ghﬁasaifar aenﬁi?er sent.
numbar:mniatura: Hall :: ﬁamharfmﬁisturai KaCl

1 : 41.66 1 4196 e 1 248,76 ¢ 4.36
2 1 42.03 4,30 T 2 : 47.23 ¢ 4.5 |
5 1 34,71 1 4.38 5 3 3 48,74 : 5.52
4 ¢ 35.62 ¢ 5.32 - 2 4 1 45,32 1 4.83
5 139,31 1 3,90 3z 5 146.52 t 4,08
6 2 D39.44 1 4.46 33 6 1 46,96 : 4.15
7 ot 44.72 ¢t 4.58 :x 7 14536 1 4.60
8 ¢ 43,08 ¢ 3.95 1t 8 ¢ 50.17 ¢ 4.78

;ﬁ.v « ¥ éﬂﬁﬁ? : 4: aés 4 Ay » 1 éﬁ *25 i 4 iﬁﬁ
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bui such veriations are rether regularly noted in blue
cheese from various sources., The average salt contents of
the normel cheese and the fraity cheese differed very
1ittle, the values being 4.48 per cent and 4,60 per cent,
reaspectively.

An attempt was made to duplicate the fruity flavor
dofoct by meking a cheeme with a high moisture content.
Bufficlient cheese curd was prepered bto make three normal
size cheese, Curd for two chsese wes dipped before it had
firmed in an effort te incrsase the molsture content. It
was Inoculsted with normsl powder and handled in the usual
menner. The remaining curd was sllowed to firm normally
and then dipped and inoculsted with normal powder. After
salting and punching the cheese were pleced In the curing
room,

When ax&m@n&é aftoer 3 months the two experimesntal
cheese hed firm, compaet bodies, and 1t was evident thsat
the attempt to make cheese with a high molsture content
was unsuccessful, The body was so {irm thal mold developw-
ment was not sstlsfactory except In a few scattered areszs.
The cheese hed a msbty flavor, as is common when mold
development in a blue ehaaaé is slow and not abundant.

The control cheese had good mold growth and flavor.,

Since occaslonal samples Qf fruity cheese show the

presence of a8 yallmw‘gréan mold, sttempts were made to

izsolate this microorgenism go that its relstionship to
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the defeect could be studled. Semples of fruity cheese
were plated on tomato julee, scidifled tomato jJulce, beef
infusion and Czapek's agars. The plates were poured in
duplicate and one set incubsted st 109C, and the other at
21°C, The pletes were examined after 1 week and P. rogue-
forti was found on sll plates, Hlcroorganisms other than
P. roguefortl occaslionally were noted, sspeclally colonies
of a yeast and of & yellow gresn wmold. These were picked
to agsr slante end litmus milk., The yeast did not ferment
lactose and was not considered further, The yellow green
nold produced a frulty, yeaat like fermentatlion in litmus
milk which suggested that 1t might cause a frulty flavor
in cheese, A mold powder was prepared with it for use in

experimental cheese.

Irial 1. ,

A guentlity of blue chesss curd suffliclent to mske
three 2.5 pound cheese wes divided into three lots. To
ons lot was aﬁﬁsﬁ normel mold powder. A mixture of normal
and yellow mold powder was added to the second let., To
the third lot was sdded only yellow green mold powder.,
After sslting end punching the chesse were placed in the
curing room with other cheese made the same day. The
three cheese were on the end of the rack next to the
homidifier and the edges softensd somewhat. The chesse
neerest the humidifier was the ebntral,ahﬁsﬁa and it



62

developed more of a soft edge than the others. After
ripening for £ monthe the cheese were cut snd observed,
The cheese mede with the mixed powder hed & good normal
mold growth and the yellow green mold could not be detec~
ted; it lacked flavor. The cheese made with the yellow
green mold powder had some normal mold growth but 1t
showed very 1ittle flavor; the yellow green mold could
not be detescted. The control cheese had good mold growth
but lacked flavor. |

After a ripening periéﬁ of 5 monthas the cheese were
agaln cut end observed. Each cheese had s normal mold
growth and the presence of the yellow green mold could
not be detected. Doth the experimentel cheese snd also
the control chesse had developsd a fruity flavor. This
wag more proncunced in the control cheese than in elther
of the experimental cheese to which the yellow green mold
powder had been added. &11 three cheese had soft bodies,
the body of the control cheese probably being the softest.
The results sugpest a reletlonship between & soft body in

blue cheese and & frulty flavor.

Trisl 2.

Sufficient curd was prepsred to make three normal
size cheese and the mold powders used In trlel 1 were
again tested. After ripening for 2 months the cheese were

cut and observed. The cheese ma&a with the mixed powder
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showed & fair mold growth but no yellow green mold; no
biue chesse flaver could be detected, The cheeso mede with
only the yellow graén mold powder hed a few small asress of
normal mold but no growth of the yellow green mold; the
cheese had not develeped s deslirable {lavor, The control
cheese hed & normal mold growth snd e flavor characteristic
of unripened blue cheese,

After D months ripening the cheese were smgsin cut
and observed. The bodles of the cheese were firmer than
the corresponding smell cheese. The normal mold growth
had incressed somewhat in the two experimental cheese,
but the yellow green mold wss not detected, The mold growth
in the control cheess was essentlally the same as at 2
months. EZach cheese had developed some blue cheese flavor.
1t was most pronounced in the control cheese snd leasst -
pronounced in the cheese made with the yellow powder. A

frulty flavor wms not detected in any of the cheese.

Additional sttempts %o lsolste en orgenism ceusing frultiness.

Several edditlonal semples of frulty bluse cheese were
obtained. The chesese were aspproximately 2.5 months of age,
hed & good mold growth and hsd developed enough blue cheese
flavor to be salable, The bodles of the chesse were softer
than normal, snd esch cheese had & difinits frulty flavor.
The semples were plated on Czapek's tomabto juice, acildified
tomato Julecs snd beef infusion agsrs. The plates were
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incubated at 10%, 210 and 37°C, They were examined each
day for seversl days and very few mlcroorganisms other
than P. rogueforti were observed. Colonles of the yellow
green mold previously lsolated from frulty cheese were

net detected.

Mscussion

In the blue gh&asa studied, frultiness most often
oceurred Iin ﬁhe@sa having & high molsture content, as
shown by genersl cbservations on the body of the cheese
and also by snalysas,

The failure to lsclate an orgeanism capasble of pro-
ducing frultiness In cheese suggests that the defect may
be caused by a2 verilstion Iin the growth products of the
normal blue cheese organisms, as s result of the change
in environment. There remsinsthe possibllity of the
isolation methods falling to yleld the csusative organism;
most of the cheese exemined were obtalned after the

ripening wes complete.

Conclusion

A fruity flavor in blue chesse seemed to be assocla-
ted with cheese having s relatively high,maiatur&'aeutent«
Ko organism capable of reproducing the defect could be
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iseleted from the defective cheese, and a yellow green

mold present in some of the defective samples did not

cense frultiness in cheese, although 1t produced a fruity,
yeast-~llke odor in milk. A relatively high molsture content
in chesse may so influence the sctivity of the avrmal blue
cheese organisme thet the growth products deviate somewhat
from the usual type.
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Black Discoloration of Blue Cheese

Blue cheese is characterized not only by its flavar
but also by the blue velins through it., The velns are due

to the growth of P. rogqueforti and are expected In a normal

cheese, DMoids other than P. roqueforti occasionally invade
blue cheese, If the coler produced by them is rather |
similar to that of the normel blue portions, it is over-
looked, but if it 1s not similar, its presence is immedlately
‘noticed and it is deslignated as a aalar‘&efa¢§4 Gné of the
most aatiaagbl& of these color defects is & black discolor-

ation.

General Observetlions

Samples of blue cheese having a black discoloration
were recelived from a eammﬁraial cheese plant, The ¢hoese
showed litile evidence of normal slime formetion, but
were dry at the surface end had cracked in several plsces,
The surfaces of the cheese were darker in coclor than
normal, snd the cracks were filled with 2 black meld
growth,. OCut surfseces of the chesse showed thst there had
been an invasion of the chsese through the punch holes.
They also showsed & penetrakion of the black dizcoloration
into parts of the cheese beyond the areas of black mold
growth, There wers many aress of normal mold growth and
the flavor of the cheese was falr , although it tended to
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be somewhat masty, especlally in the discolored areas.

Historical

Hieroorganisms are known to cause various color
defectz In chesses. Inveatigations have indleated
that bacteria are responsible for most of these, Leltech
(17) studied the ceuse of mottling eand bleaching in ched-
dar cheese and concluded that bagtééié;w@ra responsible
and that colon forms accelerated éizealeration. Gruber
{(13) isclated an arg&ﬁism.aaag;uglamall red or rust
colored spots in Horth Germsn ﬁgéé and cream cheese,
He named 1t Bacillus casel fuscl. Thdni sné Allomam
{26) attributed red spots in emmenthal cheese to g
propionie acld organism, Bacillus scidi proploniei var.
ruber, Burri and Staub {(4) described an organism
responsible for red discoloration in emmenthal cheese
end named it Bascterium subrufum. According to Davis
and Mettick (10) Connell obtalined the caussitive organism
from cheddar cheese and named 1t Baelllus rudensis. Davis
and Mattick (10) isolsted the ceusative orgenism from
ahaﬁ&ﬁf'ehaeﬁa end concluded that 1t wes releted to the
common lactic acld orgenisms. Syocker (24) found a
mold of importance in producing color defects in cheese.
He noted that blaeck apots end dark discoloratlons on the

rind of soft cheese were due to Monille nigra. Discolor-
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stion In Yew Zesnland cheese was studlied beecterlologlcally
by Morgen (22); he noted that the muddy discolorations all
occurred nesr eracks or openings in the cheese and con-

cluded that they were csused by the growth of molds,

Experimental

Small portlons of the defectlve cheese wers plated,
using Czapek's, tometo Julce ond soldifled tomato Julce
agaras, The plates were divided Into three lots and
incubsted at 10°, 219 and 379C, the incubatlion time being
arbitrarily set at 1 wesk. An exeminetion of the plates
incubated at 379C, showed very few molds and none sug-
gestive of causling a black discoloration in cheese, Many
of the plates incubated at 10° or 219C. showed the presence
of very dark mold colonles in addition to colonies of
P. rogqueforti. Of the three medis, Czapek's agsr appesared
to be the most favorable for growth of the derk mold.
Several colonies of the dark mold were plcked to Czapek's
agar slants and spotted on Czapek's agar plates for further
study. Pleting of the original cheess on Czapek's agar was
repeated seversl times and in all cases plates incubated at
10% or 21%C. developed a significant mumber of very dark
mold colonles. ‘

Several samples of normal blue cheese were plated

on Czapek's sgar and the plates ineubeted at 10° and 21°C,
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After 1 wesk the plates showed an occcaslional contamineting
mold colony, but none were dark colored or in any wey
resembled the mold obtalned from the éefaeﬁive cheese,

A prsliminary examinetion iﬁdieate@ that all colonies
of the dark mold were simllar and wers ?ra@ahly the same
gspeciss, The faeht thet it was found In significant numbers
in the defective cheese but could not be isclated from
normal cheese led to the sssumption thet it was the mold
responsible for the bleck discoloration., Hold powder wss
made with the derk mold, following the ususl procedure,
and several trials were carrled out In an abtempt to dupli-

eate the defect.

Suffiecient blus cheess curd to mske three 2.5 pound

cheese wes divided into three equal portions. To one lot
normal P. roqueforti powder was sdded, in the second lot
a mixture of P. roguefortl snd the dark mold powder was
used end to the third lot the dark mold powder was added.
The lots of curd were then hendled in the usual manmer,
and after salting and punching, the cheese were placed in
the curing room. After 3 months the cheese were cut and

~ observed, The outside of the cheese contalning the dark
mold was dark brown to black in eai@r. The oubside
appearance of the control cheese and the cheese mede with

the mixed powders was normal. The out surface of the
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cheese eontalning the derk mold showsd black mold growth
in the punch holes, glving It a black stresked eppearance.
The cheese near the surface and next to the punch holes
was discolored. A slight msty flavor hed developed.

The cut surfece of the cheese made with the mixed powders
showed & veriation in the color of mold growth. Certain
ereas were blue, othors dark %o black and some appesred

to be & mixture of the two. The black areas in the cheese
were very small and the cheese had not become discolored
outside the black areas., The cut surface of the control
cheese showed only blue mold end was consldered normal in
color. Flavor development was not noted in eithser mixed

ﬁalﬁ cheese or the control.

Triel 2. |

Trial 1 wes repeated with thﬂrﬁx&aytian that the
cheese were normal in size. After ripening perliod of 3
months the cheese were cut and observed. The outside
sppearance of the dark mold cheese differed from that of
the corresponding small cheese. At first glance the
surfece of this cheese appesred gquite normal, but when
the surfece slime and mold hsd been removed a large number
of punch holes were very noticeable. They sppesred as
regularly spaced black pits in the surface of the cheese.
The cheess in the lmmediste viecinity of these punch holes
had begun to turn dark. The outside appesrance of the
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control cheese and of the cheese contalning the mixed molds
was garmal and differed very little from that of the smaller
cheese of trisl 1. The cub surfece of the dark mold cheese
showed black siresks following the punch holes, snd the
eﬁeaaa surrounding these stvéaka was derk. The dark mold
hed not spresd through the cheese and wes confined to the
punch holes and openings leadling from them, The flavor of
the cheese waz musty and did not in any way resemble blue
cheese, The cut surface of the cheese containing the mixed
mold powders showed normasl blue areas, black areas and

- sreas in which the mold sppeared dark gray. The latter
were probably ceused by the two molds growing in close
proximity. The flaver of the cheese suggested a combine
ation of blue cheesze and mmsesty flsvors, The cut aurfa#a

of the control cheese was normel and the cheess had
developed a fine flavor. | |

Irisl 5.

This was a repetition of trisl 2, UObservations

efter 3 months confirmed those of triasl 2.

Identification of dark mold.

Various cultures of the derk mold were studled in-
consldersble detail. The orgenism was ldentified, accor-
ding to the classification of Gilman and Abbott (11), es

Hormodendrum olivaceum,
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Discussion

Under natursl condltlons the Invasion of blue cheese
by H. aiivaaaam would be expected to oceur through ecrscks
and punch holss, If the texture of the cheese 1s open,
‘the mold has & better opportunity to spresd through the
| cheene and produce sn extenslve black dlscoloration. Under
experimentel conditions the growth of the mold was confined
to the outside of the cheese and to punch hmlés, This
Indicates thet E. oliveceum requires a good oxygen supply.
From their investigations, Thom and Currie (25) concluded
that the dominance of P. roguefortl In the interior of
roquefort chesse ig dus partly to the reduced oxygen content
which favors the growth of the normal mold over other types,
For this reason H. pllvesceum would not be expected to cause
a8 great deal of spollage in normsl cheese. It 1s concelv-
able, however, that under certain menufecturing conditions,
in which the cheess hed a body particularly susceptible to
eracking, the mold could cause extensive damage,

The musty flaver produced by H. olivaceum 1s of less
importance than the &igg@lﬁ?atimnw In experimental cheesse
made with & mixture aff%,‘alivaﬁa&m and P. roquefortl, the
flavor of the cheese was not typicel but was close enocugh
to normal to satisf{y most consumers. |

If ﬁhﬁ proper procedure is followed In meking blua‘

echeoess, and particularly when homogenized milk is used,
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the cheess will have s body that is not susesptible to
eracking, and if the propsr humidity is meinteined in the
curing room, the cheese wlll not dry snd crack. Sulteble
manufecturing methods should éa'muah toward controlling
the defect.

Conclusion

4 black dlscolorstion and & masty flavor in commerclal
blue chsese were attributed to the growth of H. olivacoum

in the chaese.



Grey Discoloration of Blue Chesse

‘Discolorations of cheese mey be dlvided into two
typea, those involving color only and those involving
flavor snd color. Diseolorstions sccomponlied by a flavor
defect are the wmore serious, and the gray discoloration
of blue cheese belongs to this eless, The defect is
paerticularly serlious hecause when once started 1t apr&aés

througzh the entire chesse,

Genersal 9haerva%iemﬁ

Gray discoloration of blue chesse commonly 1s noted
on the surface of the cheese aelter the slime has been
ramﬂvaﬁ'hy scraping or washing. The discolored portions
ere dark gray in color end vary from a few small ereas
on some cheese to complete dliscolorstion on others. When
defectlive cheese are eut they usuelly show 2 normel wmold
growth, The cut aurface of different chesse show
varistions in the emount of discoloration. The defect
sppears to have originated on the surface and then to
heve spresd through the cheese. DBecsuse of thils the
discolored portions evident on cutting the cheese vary

from small eraess to complete discoloretion., In ell
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cases extensive discoloration is sccompanied by a mousy,
ammoniacal flavor which has & tendeney to become soapy
with sge; the off flavor does not appear until the cheese
are several months old, The defect seems to be confined
to certain lots of cheess and may or may not include all
the cheese in a lot., There appeers to be no tanﬁeﬁey for

the defect to spresd from one cheese to another,

Historical

Color defecte in cheese have been observed and studled
by numerous investigators. ﬁ#&k discolorations, in which
either bacterils or certain amino-acld ﬁara inveolved, have
bean noted in different cheeses,

Golding (12) investigated an outbresk of color defects
in stilton cheese. The cheese first turned yellow but upon
aging turned red and then black. Under practical conditlions
he found that the addition of large smounts of salt (NaCl)
to the curd tended to faver the defect, Oxygen had e
tendency to. inerease the éarkenimg end from this he suggests
that an oxidese might be responsible. This was further
substantisted when heated cheese falled to turn yellow while
chloroform did not atagwﬁha chenge. The addition of a _
solution of tyrosine to the cheese caused 1t te turn dark.
From this Golding concluded that under certain conditions
tyrosine may be a limiting fsctor.
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Cornish and Willlems (8), working on discolored
stilton cheese, isclated many types of microorganisms and
studled two groups. The filrst group, iﬂ&ntifiéﬁ as
Beelllus proteus vulgeris, produced & brown color both
in aaluﬁigng of typtophene and in tryptophane agar, In
tyrosine mediae, howsver, 1t produced only & slight dls-
coloration. The second group, composed of gram negative,
alkall producing bacilli, gave & =light discoloration in
tryptophene medla end turned tyrosine media e dark brown
or black. Further studles were carried out by Venn (27)
and by Mattick end ¥Willlams (19). Venn used the granm
negative, alkall producing bacilll isolated by Cornish
and Willlams end studied the effect of pH color on production
in tyrosine media. He found that ecolor waes produced between
pH 3,73 end pH 9.7, with the Intenslty incressing ss the
center of ths renge was spprosched. Mattick snd Willlems
studied the Baclillus proteus yulpsris isclated by Cornlsh

end Williems, They found that In typtophane solutions a
color ranging from araﬁga to light yellow was produced at
pB values from 8.95 to D.41.

Discoloration in New Zealand cheddar cheese was
investigated blochemlcally by Moir (20) snd bacteriologil-
cally by Morgan (22}, Moir found that the pH of the mmddy
aress wes much higher then thaet of normel aress in the
some cheese, From thls end other studies he concluded
that the muddy discoloration is probably caused by
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oxldative enzymes, including tyrosinese. Horgsn noted that
the middy discoloration cccurred nesr cracks or openings in
the cheese and concluded thet it was csused by the growth
of mold.

The abllity of certein mlcroorgsniams to produce
black plgments hag been studled., Skinner (2&} fourd thet
nesrly one-third of the Actinomyces he lsolsted were capable

of producing & melanin when grown on Comn's complete
medium plus tyrosine. Clark and Smith (5) reported that
Bacillus niger produced a bleck pigment in protein media

which contain metabolically evglilable tyrosine,

A dsrk discolorstion of cheese dus to metals has been
reported by & number of investigators. Hood and White (16)
noted thet 1light brown to yellowlish brown ereas in cheddar
cheese wére due to fregments of the steel wdal which was
used to clean the vat, Leitch (17) found that black
discoloretion in cheddar cheese was due to lead sulfide,
while a grey black discoloration was due to lron sulflide
formed under neutral ér elkaline conditions, Davies (9)
reported traces of tin In darkened aregs of cheddar cheese
but consldered the lesd constituent of the solder to be
responsible for the color defect. Barnicoat (1) added
various metsls to cheese mllk et the rate of from 3 to 7
parts per million. The discolorations noted with copper
and iron were consldsred to be dus to the atmospherlc

oxidetion of & colorless metsl protein complex, while the
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disecoloretion with lead wansg due to its sulfides,

Experimental

Seversl investigators who have studied dlscolorations
in cheeses have concluded thaﬁ.tha color was due to melanins
produced by the actlon of tyrosinase upon tyrosine., Thils
sugpgests that perhasps there sre microorganisms present in
gray discolored bluse chesse which sre capable of producing
mﬁianinﬁ.

Blue cheese showing gray discoloration were obtained
and cultured on a@varalréiffarént media, Samples from the
surface and the Interior of the cheese were plated on
Czapek's, tomato jaiée, scldified tomsto julce mnd beef
infusion agers. The plates were divided into three lots
and incubsted at 10°, 21° and 37°C. After the colonies
were well developed, they showed a variety of colony types
which included bacterie, yeasts and molds. The total |
number of microorgenisms differed with each cheese plated,
There was a varlstion in the flors of the different cheeze,
with P. rogueforti as the only microorgsnism which was
consistently present on all platas.‘ Representative colonies
from each plate were picked Into a medinnm 5mn33nting_ef skim
milk setursted with l-tyrosine. The cultures were divided
into two lots and incubsted st 10° end 21°C. Observations
were made each week on the cultures to see whether any of

them were capable of darkening the medium, An occaslonal
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culture produced a slight discoloration but discolorations
were not consldered significant and the cultures were
discerded after sn Incubstion periocd of 1 month, Additional
samples of gray dlscolored cheese were plated, and similar
results obtained,

The work of Skinner (23) suggests the possibility of
Actinomyeas being involved in the discoloration of blue
cheese, Since blus cheese 1s usually made from raw milk,
several aampias of such milk were obtained and plated on
beef Infusion agasr. The plates were divided and some
ineubsted at 210C, and the others at 37°C. The presence

of Actinomyces was noted on plates from an occasional

sample of mllk. The colonies observed were of two types,
One type profluced & brown discolorstion in the medium and
the other did not. All colonies of Actinomyces were
pleked on beef iInfuslion ager slopee and when a number of
~eultures hed been vcellected they wers atraak&&-g& plates
of beel infusion agﬁr to which had been added 5 ml, of a
skim milk tyrosine medium per plate, Tubes of the skim
milk tyrosine medium were alsoc inocculated with the organisms.
Some of the cultures were incubated at 10°C, and others st
21°C. They were observed from time to time for color
production. The cultures ef §etinamxa$§ which did not
produce s discoloration in the bheef infusion agar falled
to produce a diacoleration in the tyrosine medis, and all

enltures of Actinomyces produclng a discolorstion in beef
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infusion eger produced & much darker discoloration in the
tyrosine media, On plstes the blsck discoloration mxwmnmwm
beyond the limiss of the colony, In the skim milk tyrosins
medium the color renged from a blsck at the surface %o a
dark gray at the bottom, This dark gray discoloratlion was
similar to that found in a defective blue cheese,

S8ince the gray discoloration In cheese appesars to
originete at the surface snd progress Into the cheese, en
ettempt was made to reproduce the defect by inoculating
w»@awa of cheese with the pigment producing Actinomyces.

Portions from the surfaces of several normel cheese were
placed In open mouthed glass containers end incculated
heavlly with the Actinomyges. The contalners were then
held in a cooler, similer to w curing room, to determine
whether the Actlonomyeces would grow and produce & gray
discoloration Iin the cheese. After g period of 2 months
no growth of Actinomyces coull te detected, end as the
cheess showed no signs of discoloration the samples were
dlecarded,

The fallure of the Actinomyces to grow snd produce

a gray dlgcoloration in cheese supgests that condltions

for growth in the cheese were not satisfactory. Since

the organlems grew on agar and In milk with spproximastely
the same pH ss that found on the gsurface of & cheese, it
would seem thst from this mwmxmwowva cheese was s {avorable

medium. The high selt content ol ths cheese, however, might
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be a fector in preventing the growth of Aetinomyeces, Several
plates were prepered using beef infusion agsr plus 5 ml, of
the skim milk tyrosgine medlum to which had been added
varying emounts of selt, The plates contained spproximately
0.00, 0.01, 0.1, 2,0, 3.5 and 7.0 per cent salt. The plates
were streeked with pigment producing Actinomyees, Incubated
at 21°C, snd observed each day, The organisms grew on all
the plsates, and saglt concentrations up to and ineluding 2.0
per cent seemed to aceelerate thelr growth. Higher con-
centretions definitely inhiblited growth. In all csses the
organisms produced a bleck discoloration and this seemed

to vary in direct proportion to the smount of salt. The
color production was grester in esch plate containing salt
then it wes in the control,

The pH was determined on 13 samples of gray discolored
cheese; in each cese the pH was slso determined on a normal
colored portion of the ssme cheese. The data are presented
in table 3,

The results show that & varistion in pE occurred in
both normal and discolored cheesze. The pH range noted in
the normal cheese was from 5.25 to 6.72 and in the dis-
colored cheese from 6,25 to 7.28. The greatest veriation
in pH betwsen normsl end discolored portions of the same
cheese occurred with cheese 11 and smounted to 2,04 pH
unita; the least varistion occurred with cheese 2 and

amounted to only 0,14 of a pH unit, The striking thing



72

Pable 3.

pH DETERKINATIONS OF WORNAL AND GRAY DISCOLORED BLUE CHEESE

z ' 3 §ray

Cheese number : _YNormsl cheess _ :discolored cheese
1 t 5,07 : 6.38
2 3 6.11 ¢ 6.25
3 : 6.15 : 7.12
4 ¢ 6.16 : 7.18
8 ? €.09 ¢ 7.12
6 t 8.72 : 7.02
7 z 6.50 3 7.03
8 : 6.15 : 6.85
9 : 8.32 : 6.83
10 H 6.00 : 6.65
11 : 5.25 s 7.29
12 H 5.56 : 7.22
13 H 5,77 3 7.28
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shown by the dats 1s that in every casse the pH of the
discolored cheese was higher than that of the corresponding
normal cheese and in most cases the difference wes signifi-
cant., |

Golding (12), in investigating an outbresk of color
defect In stilton cheese, found that large amounts of aslt
favored the discoloration. Since stllton cheess is some-
what similar to blue cheese this suggests that perhaps
the salt has something to do wlth the gray discoloration
in blue cheese.

Six samples of defectlive and six zamples of normal
blue cheese wers analyzed for sslt., ZEach cheese repre-
sented a different lot and all were obtalned from the
same plant. Tsble 4 presents the results.

The date show a varletion In the salt content of
both normel and defective cheese. The average salt con-
tent of the normal cheese was 3.92 per cent while that
of the defective cheese wus 5.34 per cent. The signifi-

- eant thing shown by the snalyses iag that in all cases
the salt content in the defectlve #heasg was eanaiﬁaraﬁly
higher than thaet of normsl cheese.

Four cheese of average size were prepaered to debter-
mine whether the gray discoloration could be produced by
& higher salt content. The cheese were salted In the
usual menner and were then placed In a saturated salt

solution for 72 hours, The cheese were punched and placed



Table 4,

SODIUN CHLORIDE CONTENTS OF NOHRMAL AXD GRAY DISCOLORED

BLUE CHEESE
s
Cheese : Per cent RaCl in
number : ‘ , t Grey
; t  Normal cheese  : discolored cheese
1 4 4,30 : 5,085
2 z 3,60 : 4.55
3 : 3.858 : 6.06
4 4 4.08 : 5.99
5 4 , 3.70 S 5,10
& 3,90 : 5.32
Av, : 5.92 3 5.34
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In the curlng room, After 2 rlpening period of 3 months
the cheese were cut and observed. The body of the cheess
was firmer then ususl and the mold growth was limited.
The cheess had & Felr flavor but the salt tended ‘o mask
1t, The cheese wss not discolored In any way and even

appesred whiter than normal.

Dleeusslion

The ripéning‘af blue cheose involves a protein
breakdown, Normally this does not proceed to a point
whers the resulting products affect the flavor of the
cheese in an objectionable way. In cheese showing gray
discoloration a mousy, asmmoniscal odor commonly was
present and the cheese tended to become soapy with age.
The suggeats & relatively large change in resction, which
1s further indlceted by the pH measurements on the cheese.
Presumably, certain lower disintegration products ‘of
proteins whichfars‘bagiﬁ in character are involved in
the resction change.

The variation In the normsl ripening mechanism
which yields cheene showlng gray‘éisgcleratiaﬁ»mgy be
due to extensive growth of P. rogueforti since the orgenism
actively attacks milk protein. Ancther possibllity is that
contanminating orgenisms sre involved although none that

reproduced the defect could be l1solated. Certain Actinomyces
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cultures produced a derkening in tyrosine medla but they

apparently felled to grow Iin checse.

Conclusion

The development of grey dlscoloration in blue cheese
was accompanied by en increase in pH. The variation from
‘the normal ripening mechanism which csused the grey
discoloration presumably involved the formation of baslc
products from protein, HExtensive development of P.
roqueforti or growth of contaminating organisms could
be responsible for an unusual protein decomposition.
Contaminating organi&ms capable of reproducing the defect

eould not be isolated.
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RECAPITULATION OF CONCLUSICHS ON THE VARIOUS DEPECTS

A defsct of blue cheese Iin which & portion of the
edges bscame soft appesred to be caused by excess=ive molsture
in the softened part of the cheese. The defect was readily
reproduced by placing cheese neer & hnmiéifier where Ireeo
molsture could atrikﬁ it.

Gas formation is of relatively 1lilttle importance in
blue cheese, presumably because of the open btexture, which
permits the gems Lo sscape, and the unfavorable condlitions
in the cheese for growth of the common gas forming orgsnisms.
Trials with a culture of Aercbacter nerogenes freshly lsolated
from gassy cheddar cheese showed that incculations (of the
milk) which resulted in very gassy cheddar cheess csused no
gas holes or only insignificant numbers in blue cheese.

A defect of blus cheese 1In which the blue mold falled
to develop in the cheese wes apperently ceused by the use
of 2 mold powder in whieh an atypleal strain of Penicillium

-rogqueforti predominated. The varletion In the mold may have
been caused by the long continued cultivetion on an ertifi-
cilal medium of the culture used to prepsre the powder.

A frulty flaevor in blue chesse seemed to be associsted
with & reletively high molsture content, No organiem
capable of reprodueing the defect could be isolated from

the defectlive cheese, and & yellow green mold present in
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some of the defective samples d1d not csuse fruitiness in
cheese, although it produced & frulty, yesst like odor in
milk. & relatively hizh molsture content in cheese may
sc influence the ectivity of the normsl blue cheese
orgenisms thset the growth products deviate somewhat from
the ususl type.

A black discolorabion and s masty flav&r in come
mereial blue cheese wers attributed to the growth of
Hormodendrum oliveceum in the cheese.

A defect In which a gray discoloration and a mousy,
emmoniscel flavor developed in blue cheese wss sccompanied
by an iuveresse in pH. The verlation from the normsl
ripening mechanlsm which csused the gray éiaﬁa&@ré%iaﬂ
presumably inveolved the formstion of basle p?nﬁuéﬁa from
protein. Extenslve development of Penicillium rogueforti
or grawth‘&f‘eﬁntamiﬂating orgenisms could be responsible
for en unusual protein decomposition, Contamineting
organisms capsble of reproducing the defect could not be
isolated,
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