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INTRODUCTION

The blue cheese industry in the United Bi-tes 1ls now
one of conslderable importence. The lnvestigational work
which forned the beels for the lndustry was asterted Just
prior to 1914 vhen Thom, Matheson, and Currie (38) reported
8 mathod for the manufscture of blue cheese from cow's milk,
8ince that time the industry has grown stesdily and has been
alded 1ln 1te growth by the development of improved methods for
the manufacture snd curing of blue cheese., Blue cheese nmsnu-
facture in the United States has been encoursged by the high
prices of imported Roquefort cheese and the impossibllity of
1mportations during the war years.

During the past four years the Dominion of Cznada end
at least glx sts-tes of the Unlted S¢rtes have paaeedilaws
requiring that all cheese sold within their boundaries nust
be made from pasteurized milk, must be exposed to temperas=
tures equivalent to pasteurization, or must be held for a
period ranging from 80 to 120 dsys, depending upon the par-
ticular law, These laws were passed in an effort to prevent
the recurrence of the cheese-borne epldemics that have been
reprorted in recent years. A summsry of the epildemics up to
1946 and the state laws enaccted in an sttempt to prevent
further outbreaks has been presented by Fabian (10), Of



21 cheese-horne epldemics reported in the Unlted States from
1936 tio 1944, only one was traced to domestic Roquefort-type
cheese,

The normal. curing period for good blue cheose at present
g longer than 60 days. However, during perlods when demand
far exceeds gupply, sone blue cheese has bheen sold after a
curing perlod of only 14 days., With the present method of
manufacture of blue cheese from howmogenlsed raw milk, the
curing process is so accelerated that,K the cheess normally
la narketed before it 1g 120 dzys old.

In addition to the public health aspect, the pasteuriza-
tlon of milk for blue cheese 1s desirable for the control of
certain microblal defects such ag gasiness and unclean flavors.
These defects are eapscially prevalent during the sunnmer
months, and some chesse planté are forced to qult meking
blue cheege during thesge months for that rasson,

The main difference between rawv nmllk blue chesse and
pasteurized milk blue cheese from the astandpolint of the
normal ripening proceés is the absence of active milk lipase
in the latter, The lipase 1ls ilnactiveted by pasteurlzation,
In the raw milk cheese the lipase hydrolyres the butter fat
to glycerol and fatty scids, The lower molecular welght
fatty acids and the compounds formed from them by the action
of the mold are responsible for the characteristioc peppery

flavor of good blue cheese,



After preliminary studles of factors which influence
flavor development in blue cheese, the studlee reported were
made to help the industry in the Jdevelopment qf methods for
making good blue cheese from psateurized milk, An cttempt
wag made to find mlerobial sourées of lipese whlch could be
subatituted for the normal milk lilpase in making blue cheese

from pasteurlzed milk..



REVIEW QF LITERATURE

The mznufscture »f bLlve-velned cheese has been 2 wellw
established industry in Burope for many years, Marre (31)
in 1906 rublished 2 popular text book on the history snd
methods of manufacture of French Roguefort cheesgse, The first
work done in the Unlted States with blue-velned cheese wasg
published by Thom, Matheson, ond Currie (#8) in 1914, They
reported s procedure for the manufacture of blue cheese from
cows' milk and concluded that such cheese could approximate
but could not duplicate the flavor snd texture of imported
Roquefort cheese., After continued investlgetion, Mstheson
(62), in 1921, published 2 deteslled orocedure for the manue
fseture of blue cheese from raw cows' milk,

Hsll sand Phillips (17) in 19226 reported a method for
the manufscture of Roquefort~tyre cheese from goate' milk,
Thle cheese was reported to have duplic-ted more nearly the
imported cheess than did thst made from cows' mllk., In 1935,
Gosg, Nielsen, and Mortensen (16) introduced thelr method
for the monufacture of Iows Blue Cheeaa, - This method
involves ripening high quality milk to an acldity of 0,19 to
0.20 percent, after the addlition of 1.5 to 2.0 percent lactie
culture, setting the milk at 84°F, with rannet at the rate
of 90 c.c, per 1000 pounds, curdling for 1,75 to 2.0 hours,
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and cutting the curd with 0,5 inch curd knives, The curd ls
left undiaturbed for 15 minutes sand then ig atirred gently
every few minuteas for thirty minutes. Fifty minutes after
cutting, the temperesture is ralsed 2 to 3°F, by raeturning
a pail of whey, previously removed snd heated to 170 to
180°F, with ateam. About 15 minutes later, or when the whey
acldlty has reached 0.18 to 0.19 nerecent, some of the whey
18 drsined off snd one~hslf of the curd ie transferred fto
the drain rack. After dreining for 15 tn 20 minutes, the
curd is hooped; mpld powdgr 1s added to ench ls=yer 2s fthe
curd is placed in the hoop. LULster workers have modifled
thie procedure somewhat,

Lene and Hammer (27) An 1938, introduced the method for
the menufecture of blue cheese from homogenized raw milk,
Since that time, homogenizatlion of rzw milk for blue cheese
has been accephed wldely by the industry in the United States,
Ry thls procedure, the curing veriod hnas heen reduced con-
glderably and the flavor snd color of the cheese have been
improved, | .

‘In 1938, Irvine (22) reported that the addition of 0.5
to 1.0 g of lipase enzyme preperation per 100 pounds of
rew milk accelerated fat hydrolysis but »lwnys gave a bitter
flavor Ain blue cheese. The flavor waa not imoroved by the
addition of the lipase. The lipsase used wag Ldentifled as

steapsin An another psper (34).



Investigations carried on at the University of Minnesota
on the use of the commercisl enzyme steapsin to improve the
flavor of blue cheese were renorted in 1839 by Coulter and
Combs (5), These investigsations showed that ste~psin would
give about the sesme amount of flavor in § months curing that
had been obtailned previously by curing for 12 montha, How=
ever, & slightly bitter flavor which was objsctionsble %o
the connoisseur of blue cheese was assoclated with the cheese
containing steapsin,

The manufacture of blue cheese from pasteurized milk
was mentioned by Goss, Nielsen, and Mortensen (16) in 1935,
They indicoted that cheese made from pasteurized milk 4id
not develop as much surface growth of bacterla and molds,
d1d not have as much flavor, and dild not become as sweetl
during curing as did the raw milk cheese,

In 1938, Lene and Hammer (28) reported the manufacture
of séme experimental pasteurized milk blue cheese, In each
of three lots of cheese, one was made from unhomogenized
raw milk, one from homogenlized raw milk, and one from homo-
genized pasteurized milk, The total volatile acidlities and
fat aclditles of the cheese made from homogeﬂized raw milk
generally were higher than those of the cheese from homo-
genlzed paateurized milk, and thnse of the cheese from homo-
genlzed pasteurized milk generally were higher than those

of the cheese from unhomogenlzed raw milk, The flavor and



color of the homogenized raw milk cheese were superior to
thoge of the other two types of cheese,

Coulter and Combs (5) reported the manufacture of
sevaral lots of blue pheese from pasteurlized milk to which
2 gramg of steapsin per 100 pounds of milk had been added.
These lots of cheese were not incculated with mold and were
not plerced. They had the rank flmvor of butyric acid to
the excluslion of 31l other flavors up to 16 months of
curlng time. The volatile acid values were very high on
all these lots of cheese.

Studies of various kinds on the lipolytic activity of
microorgesnisms have been made by a number of Ainvestigators.
Only o few of the papers most directly applicable will be
reviewed, Hussong (20), in the study of an organism which
was isoleted from two samples of rancid butter, linked the
rancidity to the 2bility of the organlsm to hydrolyze fat,
The organism was found to exlst in three colony types, each

of which hnd been described and nsmed by two other workers.

The organism was named Pseudomonas fragl, Varlant colony

types, which were unsble to split fat, could be secured
from narent cultures having marked fat-splitting ability.
The S-type colonies from 4 cultures all were able to split
fat, The O~ and R~ type colonies varied in thelr ability
to hydrolyze fat, 8alt in butter largely prevented the

development of this organism,



Colline (4) isol-ted and identified & number of
lipolytic bacterisa snd gstudied their action on some aimple
tri-glycerides snd some natural fatas, The organisms

studied were Paseudomonas acidilconcodquens, the normal type

and 4 varleties of Pseudomonas fluorescens, Achromobécter-

linolyticum, Bacterium viscosum, and Achromobacter conii.

A. Jlvolyticum was observed %o hydrolyze small quantities

of tri-butyrin dlspersed in nile-~blue sulfate agar plates.
The odor of butyric amcid was observed and the hydrolysis
vas proven by the disappearsnce of the fat globules and
the detection of volatile fatty acids with moistened litmus
paper, All other organisms studled were inhiblted by the

concentratlons of tri-butyrin that were used. A.lipolytloum

produced rancldity in butterfsat, corn oll, and tri-butyrin
and tallowiness in olive oill and tri-olein.

Long (29) lsolated and studled several species of
llpolytic organisms from various dsiry products, A larpe
number of cultures of P, fragl were lgolated and atudied.
The varistions in cultures noted by Hussong (20) were con-
firmed, The majority of freshly isolated cultures were of
the S-type, were actively llpolytic, and were the least
inclined to vary 1if carried through repid transfers in
litmus milk, Variations in cultures were induced by long
holding of the cultures at low temperatures (5 - 10°C,)

- between transferas. The O-type colonies generally did not



hydrolyrne fot and the Retype colonies varied in thelr action
on fsat,

Twenty-one cultures 1solated and charascterized by Long
(29) were found to e the seme &s the organism described by

Evang as Baclllus abortues var., lipolyticus and later as

Bacterium lipolyticus. The name Alcallpgenes lipolyticus was

propoged for thls organism. All of the cultures hydrolyzed
cottonseed oll in agar pletes. TNleven cultures were ine
oculated into sterile crecam, and the cream wes churned. All
eleven gomples of unsalted butter were rancld after 6 days
at 21°C, fhe organism was found to utilize sodlium acetate,
sodium butyrate, and asodlum oleate as sourcos of carbon,
Bleven cultures of a yesst that was both proteolytic
and lipolytic were lasolnted from samples of normal and
abnormal dairy products (29). The culturss were identified

ag Mycotoruls lipolyticsa, which had been charscterized by

Harrison (19) 4in 1928, All of the cultures hydrolyzed fat
actively on plates, caused putrid defects in cream, and
caused rsncld or cheesy defects in butter, The orgenlsm is
charocterized by 1ts abillity to bring about rapld and complete
digestion of milk and 1ts ablility to grow vigorously on most
ordinary laboratory media,

Long (29) has shown that the ability of an organism to
hydrolyze trl-propionin and tri-butyrin 1s not an indlcation

of the abllity of that same orgsnism to hydrolyze natural
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fats, such 28 butterfat or cottonseed oil,
Fouts (11, 12), in studying the effect of the growth
of orgenismg on the acldlty of the fat in cream and butter,

found thet Penicillium roquefortl, Oospora lactis, ii. lipo-

lytica, A. lipolytiocum, A, lipolyticus, and P, fluorescens

but not P. fragi, caused increrses Iin the ncld numbers of
the fat when inooculated into sterilized oream, 0. lsctlis
and ell the specles of bacteris atudied were innhibited

somewhat by the growth of butter culture orgsnisms in the

cream, but M, lipolytlca showed incressed growth 1In the

presence of butter culture orpanisms, Lipolysis was
extensive with a1l organisme, even in high acld cresm,

M. lipolyticz caused lipolysls in eream with sn acldity of

2,08 percent. Fouts (13) found that M. lipolyties could

utlilize sodlum butyrate, calclum butyrate, oceleium caprosate
or caleium caprylate as the sole source of carbon. A4,

lipolyticug could utillze all of these but celcilum ceproate

and A. lipolyticum could utillze only celcium caprylste and

that to but a2 small degree.

The production of lipolytle enzymee by molds and the
effects of these enzymes have been recognized for some time.
As eerly ae 1910, Dox (9) reported that Laxa had noted
that butter inoculated with Penicillium pglaucum developed

consldersble acildlty. In 1914 Currie (8) concluded thet

during the ripening of Roquefort cheese, conslderable fat
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1e hydrolyzed by the water-soluble lipase produced by P.

roguefertl., The characteristic peppery flavor and burning

effect of the cheese on the tongue and palate were conelder-
ed due to the caprole, caprylic, and capric aclds and thelr

readily hydrolyrzeble salts thet hod zcocumulsted. He noted

that I. roquefortl will grow in Czapek's medium when sucrose
is replaced by pure butterfat, tri~butyrin, ethyl butyrate,
glyocerin, butyric acld, or ammonlum butyrate as the source
of ogsrbon, Thueg the mold not only has the power to hydrolyze
fats but also is able to utllize thelr components. D. roque-
fortl wes grown on 100 ¢,c. of Czapek's solution in which
sugar was repleced by 3,0 g. of fresh filtered milk fat,

The acld number of the fat showed that more than half of

1t hed been hydrolyzed after 850 dsys incubation at 23°C.,

but only very small smounts of soluble and volztile aclds
had asccumulsted, indlceting that they had been utilized by
the mold. In cheese, it 1s belleved thet the enzyme dif-.
fuses beyond the feeding zone of the mold and hence free
fatty aclds accumulate,

Hemmer and Brysnt (18) succeeded in leolating s come
pound which they belleved was one of the flsvor constituents
of blue cheese, The material was first 1solated from 600
ml, of mllk to which hsd been added 0,3 ml, of n-caprylic
acld and some mold epores, This medium had the odor of

blue cheese but showed no mold growth after several days
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at room tempersture, The materlal was isolated from it by
steam distillatlion, ether extraction from the distillate,
and evaporatlon of the ether, The material was ldentifled
ag methyl-n-amyl ketone.

Stokoe (36) and Dovies (8) explain the formation of
methyl ketones by molds as being the second step in an
abnormal oxlidatlon of fatty aclds. The first step in the
oxidation of fatty aclds by molds isg the oxidetion of the
betia csrbon atom to form a beta keto acid, The second step
in a normal oxidation 1s the spllitting of the molecule to
form acetic scid and another mcid with two less carbon atoms
than in the original scid, The second step in the abnormel
oxidntion is the removal of carbon dioxide from the beta
keto acld to form a methyl ketone. This abnormal oxidstion
1s apparent when the mold is growing under poor nutritional
conditions or when fatty aclds bulld up to o point at wvhich
they impalr the respiration of the mold,

Kirsh (24) reported that the water-soluble lipase of
Penlcillium oxalicum 1e highly non-gpecific, as 1t brings

about almost the same amount of hydrolysia of esters, tri-
glycerides of low molecular welght, and a variety of
emulasified oila, The maximum‘actlvity of this lipase is
at pH 6.0 at 37 to 40°0,

Naylor, Smith, and Collins (33) obtained maximum

esterase production by P. roquefortl on Czapek's medium in
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which the sodium nltrate was replaced by 0.10 N Ammonium
chlorlde, 0.50 c.c. of ethyl butyrate was added per 1000
C.,C,, and the reactlion was adjusted to pH 4,5.

Thibodeau end Macy (37) have reported an extensive

study of the enzyme activity of P. roqueforti. They found

that this mold does not grow readily in a medlum with an
oxldation-reduction potential of over 400 millivoltes. The
additlon of 0.1 percent agar to Czapek's solution reduced

the oxidatlon-reduction potential below 400 miliivolts, The
addition of peptone or milk further reduces it. These authoras
found that the presence of sugar in a médium tended fto reduce

the production of lipase by P. roqueforti. ' Maximum lipase

wasg produced in Czapek's medium wlthout sugar, but with 3,0
g peptone, and ;.0 g. butterfsat per liter. The optimum
activity of this lipasé¢ is over the pH range from 5.3 to
7.6, when the gubstrate is a 3,0 percent butter oil emulelon.
in the presence of an acetate buffer, The production of
livaase varies widely from strain to strain, and seems to

be at a maximum as soon as the cultures have attailned the
etage of full sporulation. Sodium chlorlide in concentra~
tions existing in blue cheese does not retard the action of

elther the lipase or the protease of the mold,
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METHODS

Manufacture of Blue Cheese

The method employed for the maqufacture of blue cheese
was that of Goss, Nislsen, and Mortensen (18), as modified
by Lane and Hammer (28) with some modifications for use with
pasteurized milk, The milk uaed in lots 6 through 71 was
normal mixed herd milk that was not standardlzed., That used
in lots 72 through 147 was mixed herd milk that wag standard-
lzed at 3.5 percent butterfat before homogenization, The
milk that was prsteurized was heated at 143 to 147° F, for
30 minutes, cooled to about 130° F, homogenized at 1700
pounds pressure, and then cooled to 40 to 45° P, The milk
was placed in experimental cheese vats, heated to 89 to 90°
F. and 1,0 percent lactic culture wag added,

Four vats were used, and in every trial but one, four
lots of cheese were made at one time. The manufacturing
gchedules for each of the four vats were staggered by 15
minute intervals, The milk was ripened for 30 minutes, which
gave an acidity inerease of 0,010 to 0,015 percent, and then
wag set with rennet. In lots 4 to 51, rennet was used at
rate of 90 ml. per 1000 poundsa of mllk end in 8ll other lots
it wag used at the rate of 130 ml, per 1000 pounds, The curd
was cut with 0,5 inch curd knivea, 70 minutes after the ad-
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ditlon of the rennet. The acldity of the whey genersally was
0.11 to 0.14 percent sust after cutting. The curd was a2llow-
ed to stand for about 30 minutes and then wasg stirred every
20 to 30 minutes untill firm enough to hoop. Heat was applied
to the jJacket of the vat at the stirring times, whenever
neceasary to keep the temperature at 90° F, inslde the vat,
The curd usually was firm enough to hoop in 2.0 or 2.5 hours
from the time it was cut, and the whey ecldity usually had
Increased 0,04 to 0,06 percent,

When the curd wsag resdy to hoop, the wvhey wes drained
from the vat, a mixture of 1.0 percent gslt and 0,01 percent
mold powder, hased upon the weilght of cheese expected, wss
mixed into the curd, vhich then was placed in the hoops. The
cheese was turned within 5 minutes and then about every 30
minutes for 2 to 3 hours. The following morning it vas re-
moved from the hoops and welghed, and the salting was started.
Dry aalt was rubbed on the outslde of the cheese sach day for
about 5 days until 5 percent salt had been used. On the
seventh day, the cheese in lots 4 to 119 were dlpped in
paraffin and plerced through the paraffin about &0 times
with a 0,095 inch dleameter wire needle. The chsese in lots
120 to 147 were not dipped in paraffin before being pilerced.
The cheese was cured at 48 to 62° F, in a humidity of 90 to
95 percent saturation,

In lots 80 to 71 and 108 to 147, calolum chloride was
added to the milk before setting, at the rate of 0,015 percent.
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Port of the menufacturing date, snd the fat, molsture, and
total chlorides contents of the various lots of cheese are pre-

gented in Appendix A.

Analysea of Blue Cheese

Portions of the cheese were removed from the curing room
for analyses at regulsr intervals. Fat, molsture, and total
chlorldes determinations were made when the cheese was 4 weeks
old, lots 5 to 20 were scored at 4 to 5 weeks and 17 to 18
wéeks, lots 21 to 28 were scored at 4 weeks and wers dilscarded,
lots 29 to 71 were scored st 4 and 12 weeks, and lots 72 to 147
were écored at 4, 8, and 12 weeks, The total volatile acldities
were determined on all lots of cheese at approximately these
same times, The fat aclditles were determined on lots 5§ to 55
at the times they were scored, and on lots 58 to 60 at 4 weeks
only.

. Total nitrogen values, nitrogen fractions soluble and ine
soluble in phosphotungatioc zcid and in trichloroacetic acid
were determined on lots & to 71 at 4 weeks, and on lots 5 to 63
at 12 weeks., Amino nitrogen determinations were made on lots

5 to 28 and 56 to 7)1 at 4 weeks and on lots 5 to 20 and 29 to
63 at 12 weeks,

Fa

The fat content of the cheeses wse determined by the method
of the Assocliation of Offiocial Agricultural Chemists (1)
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modlfied to meke it sultable for use with the MoJonnler tester,
The modifications includs the use of & ml. of water instead of
€ ml,, the use of glass beads instead of sasnd to prevent
bumpling, transfer to =z MojJonnler fat extramction flagk inatead
of & Rohrig tube, and the use of 10 ml., of alcohol with the 285
ml, of ethyl ether and 256 ml., of pelroleum ether. The ether-
fat mixturs was poured into s welghed Nojonnier fat dish after
belng centrifuged 30 turns in 30 seconds., The second extraction
vas made with 25 ml., of ethyl ether and 25 ml, of petroleum
ether and was poured into the seme dish, Arfter the ether was
eveporated, Lthe dish and fat were dried 5 minutes at 100° C,
under 20 inches vacuum, ¢ooled in the MoJonnler dessicator 7

minutes, and weighed,.

Moisture

The molsture content of the cheesse wss determined by
.covering the bottom of a MojJonnier molsture dish with ovene
dried send, welghing in b g. of finely divided cheese, and
drying in an atmospheric oven at 100° ¢, for 24 hours, The
molsture determinations on part of the cheese were made by
drying a 10 g, sample of cheese in & Brabender Biml-sutomatic
Molature Tester st 142° ¢, until the welghts st 10 minute inter-

valg became constant, There was good agreement between thege

two methods,
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Total chlorides

The total chlorides content of the cheese was determlned
by the method of the Association of 0fficlal Agricultural
Chemists (1) with one modificetion, In the case of blue cheese,
50 ml., of O,1 N silver nltrate must be used instead of 25 ml..

Total volatile acidity

The total volatile acldlty of the cheese waa determined
by the method of Lane end Hammer (28).

Fat acldlty

The fat acidities were measured by the method of Breazeale
. and Bird (2). The fat for the fat acldity determinatlons was
obtained and purified by the method of Lane and Hammer (28),

Protein degradatlon

In making analyses to determine the amount of proteln
degradation, the cheese first had to be emulsified and made
into a uniform suspension. The method used for making the
gugpenglon wag & modification of that used by Knudsen and
S8drensen {25), In the first part of the work, the cheese
guspension was made by emulsifying 25 g, of cheese in 200 ml.
of boiling 2,0 percent sodium cltrate solutlon by agltation
in an Egkimo Whiz-mlx model 516 J B, for & minutes at high
speed, The mixture was kept slkaline to brom thymol blue by
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adding alkall when necegsary. This solutlion weg traneferred
quantlitatively to a 250 ml, volumetric flask, cooled %o 20° ¢.,
and made to volume with distilled wster. Filve milliliters
(eaquivalent to'o.s g. of cheese) of this suspension wers uged
in each precibltation. Some ALfficulty was encountered with
churning of the fat due to the ocooling of the suepension in
the Whiz-mix, To prevent thls difficulty in lster gtudles;

25 ge of cheese were emulsified in 400 ml, of 2,0 percent
godlum cltrate solution and then made up to B0O ml, This
amount of material held the heat well enough to prevent the
dlfficulty with churning of the fat. Ten milliliters (equlva-
lent to 0.6 g. of cheese) of this solutlon then were used in
each precipitation., Preliminary studles on this method of
preparing the suspension, using complately dlaperasible peptone
added to milk, indicated the eltrate dld not influence the

nitrogen partition,

Total nitrogen

The total nitrogen was determined in an amount of the
above cheese susnenglon equivalent to 0.5 g. of cheese by the
KjeldahleGunning-Arnold method of the Associatlon of Ofrficlial
Agricultural Chemista (1), Copper sulfate was used as the
calbalyst, and the mixed methyl red-methylene blue indicator
of Johnson and Green (23) was used in the titration.
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Nitroeen fractione soluble and insoluble in phosphotunpgstic

acia

L

The nitrogen fractions soluble and insoluble in phospho-
tungstic acld were determined by the method of Lsne and Hemmer
(26), wvith slight modificstion, An smount of the above checse
sugpension equivalent to 0.6 g, of cheese was treated with 5O
mle water, 16 ml, 25 percent aqueous sulfuric scid, and 5 ml.
20 percent aqueous phosphotungstlc acid for 16 to 18 hours at
room temperature. The solutlion then was filtered through a
Whatman no. 12, 12,56 em, fluted fillter paper, the precipitate
wag washed three times with a solution of the same concentra-
tion as that used in the precipitation, and the total nitrogen
wag determined in the filtrate and in the precipitate,

Nitromen fractione'soluble and insoluble in trichlorocacetio

acla

The niltrogen fractions soluble and insoluble in tri-
chloroacetic acld were determined by a modificatlon of the
method of Lene and Hammer (26), An amount of the cheese

~susgpension equlvalent to 0.5 g of cheese was treated with
45 ml, water, and 5 ml, 20 percent aqueous trichlormacetic
acld for 16 to 18 hours at room tempersture, The solution
was flltered through the same type of paper, the precipitate
wag weshed in the ssme way, and the total nitrogen was

determined in the filtrate and in the precipltate in the



21

same way as for the phosphotungstlc acld separation,

Amino nltrogen

The amino nltrogen values wore determined by placing an
amount of the cheese suspension equlvalent to 1.0 g. of cheese
in =2 25 ml. volumetric flask, adding seven drops of glacizl
acetlic acld to precipiltate the casmein, making to volume, file
tering, and running a Van Slyke amino nitrogen determination
{41) on the filtrate, The values were expressed as milligrams

of amino nitrogen per gram of cheese,

Tests of Moldas

Lipolytic activity

The llpolytic sctivity of P. roguefortl cultures was

studied by the nile-blue sulfate technique developed by
Turner (39, 40), Hussong (20), and Long and Hammer (30).
Czapek's solution (7) with 3,0 percent suorose and 1,5 percent
agar added (hereafter referred to as Ozapek's agar) was used

in studies of both the lipolytiec and the proteolytic activity
of the mold,

XYroteolytic activity

The proteolytic activity was detcrmined by the use of
10 percent of sterile milk in the medium as suggestcd by
Freudenrsich (16) and reported by Frazier and Rupp (14),



Cheese Scoring

In Jjudging the cheese, three scores were placed upon each
lot, namely!: Mold score, flaver gcore, snd defect score,
Each gcore had a range of 0 to 10, in which 10 wag the most
perfect score and 0 was the lowest possible score. Thls should
be remembered when coneidering the defect scores, because the
higher the defect score, the less serious was the defect., In
determining the mold score, the amount of mold as well as the
dlstritution of the mold in the cheese was considered. The
flavor gcore 1s an evaluation of all the positive flavor.
characteriatics in which the cheese resembled a good raw milk
blue cheese or Roquefort cheese., The defect score 1ls an

evaluation of all the defect flavors which were detected in

the oheease,

Propagation of Stock Cultures

The stock cultures of bacteria and mycotorula were
carried by inoculstion in tubes of litmues milk, incubatlion at
30° Gé untll growth was apparent and storage in a refrigerator
at 1 to 3° C, until used as inoculating msoterisl. The cultures
wars trvangferred at lesast once each month,

The stock cultures of the molds were carried as streaks
on Uzapek's ager slants. The cultures were incubsted at 21°

C, until the slants were covered with mold and then were stored
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at 1 to 3° C, The cultures were transferred at lesst once
every two months,
The mold powder which was uesed in most of the cheese was

prepared by the method of Huseong and Hammer (21),
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EXPERIMENTAL

Addition of Fgtty Aclds to Milk

The contribution of the lower molecular welght fatty
aclds to the flavor of blue cheese has been stressed by
many investigators, In order to learn more about the part
which these fatty acids contridbute to the flavor of the
cheese, two serles of trials were made in which verying
amounts of some of the lower molecular welght fatty acids
were added to the lots of milk which were made into cheese,
In the first series, each of three lots of cheese was made
from 100 pounds of milk, This series consisted of a control
lot with no fatty acid added, one lot with 2,0 g, of caprylic
acld added, and one lot with 10.0 g. of caprylic acid added,
The second series conslated of a control lot; a second lot
with 0.4 g. caproic, 0.2 g, caprylic, and 0.4 g. capric
acld added; a third lot with the above amounts of acids
plus 0,8 g lauric acid asdded; and a fourth lot with the
amounts of acids added to the second lot plus 0.6 g,
butyric and 0,8 g. lauric acld added, Each lot in the
geocond series was made from 115 pounds of mllk, In all
casesa, the fatty aclds were added to 100 g. of melted butter-

fat, whioch then was homogenized into one quart of milk and
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added to the cheese milk before setting with rennet, The
same amount of butterfat alone homogenized into milk was
added to the control lots, The results are pregsented in
Table 1,

The cheegse with added fatty a2clds showed definlte
improvement in flavor score over the control cheese; however,
none vwas typleal of good blue cheese, lacking the smoothness
and roundness of flavor deslired, ' The flavor scores of the
cheese with added fatty acidae, with the exception of lot 31,
remained constant or increased from the fourth to the
twelfth week of curing., The fat acidities and total
volatlle acldlties Aincreoagsed considerably from the fourth
to the twelfth week,

The mold scores at 4 weeks are lowest in the cheese
with the largest amounts of added fatty aclds and at 12
weeks are highest with the exception of lot 31, which
indicates that the fatty acids may be toxic to the mold
until the mold is established and has started to utilize
the aclds An tts growth, In the case of lot 31, there was
so much added caprylic acid that it may have been toxiec
during the entire 12 weeka, The flavor of the caprylic

acld was pronounced in the cheese at 12 weeks,

Use of Bacterizal snd Yeast Cultures

The production of lipase by various microorganisms



Tab.

Effect of the Addltion of Low Molecular Weight Fatty Aclds on the Socore

:  Grems of Aold Added to 100 : Mold Soore : Defsct Soore
Lot: Butter Fet *

No. :Butyric:Ceprolo:Geprylic:Ceprio: Lauric: h wks,:112 wks..h WKS.: 12 WES

29 : - 1 - 3 - $ = ¢ = ¢ 6.0 : L5 : 3.0: 6.5
30 - : - : 2.0 s - 3 - 1 5.0: 5.5 : 7.0: 7.0
31 : - : - .3 10.0 - 1 - 2 L0 : 35 ¢ 5.0 : 4O
52 - : - : - - - : 65 ¢ 5.0 : 5.0 : 2.5
53 ¢ = 1 O : 02 i Oz = 5.0 6.0 : 40 : 345
54 ¢ = t Ouh 3 0.2 O 5 08 : he5 t 745 & 5.5 : 545
55 1 046 : Ouh ¢ 0.2 & Oz 0.8 : 45 : 7.0

o
(2] L2
- .
.9

’e

8.0 : 1{-05

* The 100 g. of melted butter fat was homogenized into one guart of i
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able 1

re, Total Volatile Acldity end Fet Aclidity of Pasteurized Milk Blue Cheess

re : Flavor Score

b4
.

iTotel volatile: Fet Acldity
Acidit

rks.zg_wka.:lz wka.

TWES IS wE L WEs TIZ wEe s

: Defect Commsnts

L.VO : 8.00

5 : 3.0 : :.18.h0 : L.26: 20.00 :Flat, yeasty, nutty.

Q0 : 6.0 : 6.0 : 745 1 15.50 ¢ L.18: 8.45 :Flet, nutty

0 : 6.0 : 4.5 :15.,30 : 18.90 : 5.25: 1l4.72 :Musty, ceprylic. socld.

5 ¢ L5 3 3.5 3 7.00 : 13.90 : 2.65: 37.30 :Nutty, unnatural.

5 2 3.5 ¢ 5,0 : 7.32 : 12,70 ¢ 4.00: 2G.18 :381. nutty, unnetural.

5 : Le5 : 7.0 : 6.40 3 20,60 : 3.17: 29.98 :5l. nutty, unnatural.

5 : 6.0 : 6.0 : 6,00 : 14,20 : 2.7h: 18.27 :Sl. nutty, unnatural, uncle
ailk, and added to the oheese milk.
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has been investlignated by seversl workers, as pointed out
previously., Bo far =23 c¢2n be determined from the lliterature,
no one hes investigated the possibllity of substituting the
lipage produced by theee mioroorgenisrs for the normal milk
lipage in the manufacture of blue cheese from pasteurized
milk, To daetermine whether this wse possible, 2 zzries of
experiments was set up using four lipolytic organiama:

M. 1lizolytica, A, lipolyticus, A. lipolyticum, and B, fragl,

With each orgenism four lota of cheess were madet A control
lot with 655 g. of sterllized cream containing 18 percent
fat; one lot with 5556 g. of culture grown for 48 hours at
3090, in sterilized cream containing 18 percent fat and
then sterilized by sutoclaving; onc lot with 666 g. of the
culture grown for 24 hours at 30°C. in eresm containing 18
percent fat; and one lot with 5866 g, of the culture grown
for 48 hours at 30°C, in croam containing 18 percent fat,
The 555 g, of ereem conteining 18 percent fet added to each
100 pound lot of milk wee compareble in fat content to the
100 g, of fat added in the preceding experiment, The cream
was gterilized at 16 pounde pressure for 28 minutes and
cooled to rcom tempersture before inoculation., The results

are presented ln Table 2,

In the experliments with the M. lipolytics culture

the flavor and defect gonres were erratic at 4 weekg and

were low at 12 weeks; however, there was a tendency for



Effect of the Addlition of Various Cultures of Four Lipolytic Orgenis

*
»

Lot: Culture Used  :__ 30°C, Culture _: Mold Score

Defect Comments are for cheese 12 weeks old.

: Defect Sc
No. ¢ age-hrs.:Treatment 34 wks.:12 wks,:4 wks.:12
R - : - P - P 2.5 1 1.5 2 L5 1
33 :M.lipolytica(846) : 48  :Sterilized: 5,0 2.0 : 7.0 1
E1 :g.lfpolytioa(8h6) 4 24 : - t 2.0 : 265 : L5 4
- 35 :M.1ipolytica(846) : 4B - P heb 3.5 : 3.0 5
hhy e - : - : - 2 545 1 540 : 7.0 L
hg :A.lipolytiousggsgg: L8 :Sterilized: 5,0 : 7.0 : 6,0 3
L6 :A.lipolyticus(852): 2l : - P70 ¢ 5.5 1 7.0 :
47 :A.1ipolyticus(852): 48 : - 17,5 : 7.5 : 7.0 2
36 3 - : - 1 = 13,0 : 3.5 : 4O y
37 ;A.ligolz%ioum(l2) : L8 :Sterilized: 2,5 : 5,0 : 3,0 &
38 :A.lipolyticum(12) : 24 - P 5,0 ¢ 6,0 : 6.5 g
39 :A.Iipolyticum(12) : 48 - 2 8,0 : L5 : 8.0 5
LO : - : - : - 25,0 : 6.0 : 6.0 ¢
4L1 : P. fragi (9) . L8 :Sterilized: 5,5 : 7.0 : 5.0 4
L2 : P, fragl 29) s 24 - ! 3.5 : 5.0 : 8.5 p
L3 : P. fragl (9) t. 48 - 3.0 . : 6.0 : 9.0 5
*
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ble 2

in 555 g. of 18 Percent Cream to Pasteurized Milk

: iTotal volatile:

L Flavor Score : Acldity : Fat Acidity : Defect Comments*
lo sl WKS,.:1l2 WKS.:4 WksS.:1l2 wks.th wks.:12 WksS.:

t le5 ¢ 2.0 ¢ 7480 ¢ 7,60 : 9,05 : 2.68 :8our, yeasty, musty

t 540 ¢ 20 : 5,00 : 12,00 : Le03 : 7.58 :Musty, yeasty.(invasion)
t LeO ¢ LeO : 7.00 1 13.50 2 7.45 : 8.68 :Musty, sl. sour, yeasty

: 3¢5 3.0 1140 : 26,00 :18.00 : 23.40 :Excesalve fatty acids

: 4O 545 : 5,80 : 15,00 : 4.58 : 8.85 :Musty, yeasty

: 5.0, 6.0 : 6,00 : 15.30.: 2.59 : 18,63 :Unnaeturel, musty, yeasty
: 5.5 6.5 : 6.30 : 16.80 : 2.40 : 26,30 :Unnatural, musty, yeasty
: 6,0 7.0 : 5,60 : 16,30 ¢ 2,52 : 10.12 :Unnatural, sour, musty, yet
: 3.0 500 ¢ 7.00 : 13.36 : 5.74 : 9.23 :Yassty, sl. unclean,green
: 3.0 7.0 : 8,00 : 15,60 : 6,12 : 26438 :81. musty, sl. unclean

: 5.0 7¢5 & 7.70 : 15,00 : 5.26 : 10.33 :S1l, musty, sl. unclean

v Leb 6.0 3 7.00 : 20.60 : 5.88 : 16.58 :Very musty, sl. unclean

v 245 560 ¢t 6490 3 15,00 : l.40 ¢ 8.18 :Sour, musty

! 360 1 LeO : 6,70 : 15.30 : 4e82 : 17.48 :Musty, cheddar

t heb5 0 LeO ¢ 7.00 : 16.80 : 5,14 : 11.98 :Musty, unclean

: 6.0 5.5 & 6470 ¢ 16430 : 4e50 : 14.22 :Musty, unclean
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these scores to be hlgher 1n the cheese with the added
Mycotorula culture. The mold scores followed much the
same pattern. The fat aclditles and total volatile
aciditlies définitély were lncreased by the addition of the
Myecotorula, although the addition of 555 g. of the active
L8 hour culture resulted in too much fat hydrolysis, as
indlcated by the defect comments. Although the sterilized
48 hour culture inoreased the total volatlile acldlity and
fat acldity values over those of the control cheese at 12
weeks, 1t dld not lmprove the flavor to any extent.

With A. lipolyticus the 4 week values showed a slight

improvement 1in mold, defect, and flavor score over those of
the control. The total volatlile acidities were erratic and
the fat acidities showed a slight decrease. The scores at 12
weeks showed a decrease 1n the defect score whlch counter-
balanced all ofhthe lncrease in flavor score. The total
volatile acidltles showed no marked increase and the fat
acidities were erratic. All cheese in thls serles were
criticized for belng yeasty and musty, and those with the
lipolytic bacteria added were unnatural in flavor.

The cheese made with A. llpolyticum showed much the

same trends as those made with A. lipolyticus, and were

oriticlzed for belng musty and unclean in flavor. Those

made with P. fragl gave no lndication of definite improve-

ment by any of the analyses made, and were oritlcized for
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being musty and unclean in flavor,

These experiments indicated that at least the Myco-
torula culture and possibly aome of the other cultures hed
posaslbllities for use in blue cheese, The kind of culture
and amount used might not have been right to give the
desired result, Accordingly e series of experiments was
set up in which different amounts of 2 culture of each
organism grown for 48 hours at 30°C, in sterile homogenlzed
millk were added to each of three lots of milk for cheese,
The amounts of culture used and the results obtalned are
pregented in Table 3,

The results are very simlilar to those presented in

Table 2, showing thet M. lipolytica was the only organism

of the four tested which increased the total volatille
ecldity snd which greatly Aimproved the flavor of the cheeses
Of the different amounts of culture used, 1.0 percent gave
the highest total volatile acidity and the highest flavor
séore. This study indicated that homogenized milk could
be uged for the culture as effectively as the 18 percent
fat cream gnd would be much more economlecal, The fat acldity
determinations were discontinued both becruse of the greast
idlfficulty of pressing enough fat frecm the cheese at the end
of 4 weeks for analysise 2nd because the values apparently
vere 1ot as closely related to the flavor as were the total
volatile aoidltiea,

The two precedlng trlals indioated that M. lipolytica
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Table 3

Effeot of the Addltion of Varying Amounts of Homogenized Milk Cultw

Lot Culture Used | .Culture. Mold Score ; Defect Score ; Flavo:

No.: : % L WKSe:12 WKB.:l WKS,:12 WKS.:l WKS, .
56 : - 3 - : 8.0 : Le5 : 3.0 3.5' : 3.5
57 :Melivolvtica(846) ¢ 0.1 : 6.0 : 7.0 : 8.0 Le5 : 6.0
58 M. 1ipolytica(846) : 0e¢3 : 840 : 5.0 : 8.0 6.5 : 7.0
59 :M.Iipolytica{846) : 1.0 : 6.5 : 6.5 : 7.5 7.5 : 6.5
60 - ° 3.0 605 1 2.0 600 : 2.0
21‘ g.lipolztious(gSZ) 0.1 : 5.0 7.3 : B.g g.g : %.9
2 :A.lipolyticus(852) 0.3 : 3.0 Le : 3. . : 3.5
63 _K_—fll p)'o"'z"i""lxc cus(852): 1.0 : 3.0 Le5 : L4eO 6.0 : 4.0
6l - | - 1 7.0 6.5 : 3.0 3.5 : 4O
65 :A.lipolyticum(lz) 0.1 : 8.0 Te5 = 7.9 50 " : 5.5
66 :Ee—Llipo"_LT—lﬂ cum(12) : 0¢3 : L5 7.5 : 5.0 6.0 : 3.0
67 :A.lipolyticum(12) 1.0 :.6.0 6.5 t Leb LeO : 3.0
68 » - . had H 300 700 : 205 3.5 H 3.0
69 : P. fragi (9) : 0.1 : 5.5 5.0 : L0 5.0 : 3.5
70 : P. fregl (9) : 0.3 : 3.5 Le5 : 5.5 L.5 : 5.0
71 ¢+ F. fragl (9) : 1.0 : L5 6.5 : 5.0 LeO : 4.5

* Defect Comments are for cheese 12 weeks old.
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Table 3
Homogenized Milk Culture of Four Lipolytic Orgenisms to Pasteurized Milk
: ' ~ :Total voliatile:

: Defeot Score : Flavor Score :  Acidity : Defect Comments*
‘o3l WKBe:l2 WKB.:l WKS.:L? WKS,:l, WEKBe:12 WKS«: :

: 3.0 3.5' 35 h;d 6.20 : 19;50 :Sour, unclean

t B0 ¢ Leb5 : 6.0 : 6.0 -12 70 : 30.20 :Unclean

: 8.0 6.5 : 7.0 : 7.0 : 8.60 : 35,50 :S1, unclean

: 7.5 7¢5 : 6.5 : 8.0 :17.60 : ,0.90 :S1l. unclean {(invasion)
12,0 ¢ 6.0 2.0 : Le5 i 8,00 : 24.00 :Sour, salty, lacking
3.0 : 6.0 : 3.0 : 5.0 : 7. hO : 19.00 :Lacking

P 3¢5t 6.0 i 3.5 LeO : 7.00 : 18,00 :Sour, lacking

: 4e0 : 6.0 : 4.0 Le0 6.80 : 18.20 :Sour, lacking

: 3.0 3¢5 : LaO Le5 : 5450 : 7.80 :Unnatural

: 7.0 50 : 5.5 5¢0 : 6,00 : 8,00 :Unnatural

: 5.0 6.0 : 3.0 565 ¢ 5.40 ¢ 8,00 :Unnatural

¢ heb LeO : 3.0 6eU : 5.50 : 6,00 :Unnaturel, yeasty

: 2.5 : 3.5 : 3.0 3.5 : 6 60 ¢ 8,50 :Unnatural, sour, yeasty
t Le® ¢ 5.0 : 3.5 ¢ 5.0 ¢ 7.10 : 7.70 :Unnatural, sour, yeasty
545 1 Le5 15,0 : heD : 5.90 : 6.60 :Unnatural, sour

: 5.0 : LeO & L5 5.0 6,00 8.50 :Unnatural, sour

>ld.
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wea the only orgenlem of the group studied that improved the
flavor of ¢heesge; therefore, attentlon wan concentrated upon
this one orgenism. The question arose as to whether all
stralng of thls orgsnlem lgolated from varlous sources
vould have the same effect in ocheecse, A group of eleven
gtrains wes collected; some had been isolated from cream
and butter by Chinn (3), some were isolated from various
dalry products in clags work and somwe were from the stock
collection in the Dalry Industry Department at Iowa State
College, A lot of cheese was made with sach astrain by pre=
paring s 48 hour 30°C, culture of the organiem in aterile
homogenized milk and adding thls to the cheese milk at the
rate of 0,3 percent before the mllk was set with rennet,
Second and third trials were made with some of the strains
which gave the best resultes in the first trials, All triale
are reported in Table 4. Various trials with 2 single
strain vere not grouped iIn the table because in sach cage
the three lote of chesese should be compuared with the control
lot of cheese for that group., In the first trial every
Mycolorula strain, with one exceptlion, gave cheese which was
as good ag or better than the control cheese from the stand-
prolint of flavor and defeot acore at 8 and 12 weeka, Also
every straln, with two exceptions, gave cheese which had a
higher total volstile acidity at 8 and 12 wesks than d4id

the control cheese, The five astrains which increased the
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Table 4
¥lavor ¢

s Defeoct Soore :
tl, WKkS.:8 wks.:12 wks.:4 wks.:8 wks.:12 wks.:L wks,:8 wks.

Mold Socore

: 365
: 5.0
t 440

57
124:Control:

No.
76:Control:

47

100
80:Control.:

38

839

840

843

846

g88:Control: 7.0

. 89: M.L.

848

848
1ll2:Control:

839

843

848

116:Control: 4.0
846
100

81:
8h£Control:

78:
79:
82:
83:
85:
86:
87:
90:
9l:

Effect of the Additlion of Varlous Strains of Mzgogo;ula 1ipolytica tc¢
77:

Lot:Strain ;

Noe:
113:
1l :
115:
117:
118:
119: M.L.

D000

] 2 L 2

e~

O N
¢« ® o o

[SART o W R o

M. L.
84,3
848

125:
126:
127

* Defect Comments are for cheese 12 weeks old.
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; Defect Comments*

e e e e e e e ]

Table 4
& 1lpolytics to Pasteurized Milk
: » tTotal vVolatile
_: Flavor Score : Acldity
ool Wk8e:8 wks.:12 wks,:4 wks.:8 wks.:12 wks.
LeO : 3.0 ¢ 3.5 : 7.40 : 11.90:
t 5.5 5.5 ¢ 5,5 1 6,50 : 15,20:
: 500 . 5.5 5.0 : 5.60-: 17000:
t 6.0 7.5 Le5 : 9,00 : 12.60:
t 4e0 2 365t 3¢5 f 7430 : 1450
H 5.0 H 600 H 5.5 H 8060 : 18,00
t Te5 ¢ 745 o 8.0 :19.30 :
: 5.0 : 5.5 6.0 : 8,30 : 20.10:
H l‘.oo : &0 H 14..0 : 6.80 : 19000:
5 7.0 7.5 = 8.0 20.50 : 30,00:
t 3¢5 3¢5 t 545t 8.50 ¢ 1he50:
. Ll-os H 5.0 HE 70'0 . 9060 H 23-60:
S o5 t 4eO i he5 : 8.00 : 12.70:
t 5.5 : 5,5 : 8.0 :13.90 : 29,60:
7.0 6.0 : 7.0 13.90
: 6,0 : 605 H 7.5 14050 H
H 405 H 505 H 500 H 7.25 H 11090:
$ 5.0 : Leb ¢ 7.0 : 8.00 : 14.70:
t L4eO 2 3¢5 ¢ LeO ¢ 7.90 : 15.10:
t 5.5 1 6.0 : 5,5 7.70 ¢ 14.60:
: h.O 4O H 500 : 7000 H
t 6.0 2 bLe5 t Te5 16,70 : 28.40:
$ 4e0 & 345 ¢ Leb5 1 9.20 : 12,50:
M 600 H 600 8.0 '13014-0 . 25000:
2 3.0 : 4u0 3 keO :10.00 : 1h.40:
. 505 H 7-0 H 6-5 13050 : 21‘-.1{-0:
: 4eb5 : L0 : 5,0 :10.30 : 16.14:
t 4e5 7.0 : 7.0 10.80 : 19.50:

22,00
35.00
24.50
25.70

27.00
27.20
51.40
33.20

35.00
50.40
36.80

L'7.00 ¢

21.30
£3.70
39.80
L5.00

13. 30

18.00 :

14440
16.00

13,00
33.00
14.70
23.40

20.80
L0.70
19.60
26.60

sNut ty, musty
:Nutty ‘
:S1l. nutty
:Sour, nutty

:Unclean, cowy, sour

:Unclean

+Sl. excesslve volatile aclds
:Sl. unclean

:Nutty, burned, unnatural

;Musty

:Nutty, lacks pepper

:Sl. excessive sharpness
:Bxcessive sharpness, soapy
:1Excessive sharpness, sl. soapy

:Unclean, sl. bitter

;Yeasty, unnatural, sl. sour
:Sl. sour, sl. unclean

:Sour
:Sl. sour, sharp
:Unclean, sour, unnstural

:3our, cheddary, unnatural
:Cheddary, soapy
tCheddary, sl. bitter
:Cheddary, unnatursl
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flavor geore and the total volatile acldlty of the cheese
most 8t 12 weeks in the firat trial were exactly the same
althouph the order wseg slightly different, Those strains
were 839,843, M.L,, 848 sond 846, Hecond and third trials
wore made wlth some of these organisms, and are reported

in the lower pert of the table, Strain M.L, increased the
flavor score, defect score, and total volatile acidity
conglderably in all thfee trials at 12 wecks, Strains 839
ond 846 gave the same results in two trials, Straln 848
increased the flavor score and total volatile acidity in
three of four trials, snd 1mbrOVed the defect score at 12
weeks in all four trials, 8train 843 increased the flavor
gcore and total volatile zcidlty in one of three trials and
improved the defect score in two of three trials, Some of
the cheese made with these strains were criticlzed for being
excegsively sharp or soapy, lndicating that the fat hydrolysls
wag too great. Probably this condition could be corrected
by the use of a smaller nmount of culture in the ocheese,

In previous studles there was some indication tgat the
molsture content of the cheese might have sn effect upon the
flavor development and fat breakdown in the cheese, An
attenpt was made to produce a high molsture and a low
molature cheese for the testing of flve different strains of

M. lipolytica. Rach straln used was 1lnoculated into

sterilized homogenlzed milk, incubated for 48 hours at SQOC.,
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snd used a2t the rrte of 0.3 percent in the milk for cheese,
In esach tri=1 the first lot of cheese was Adlpped 2.0 hours
after cutting in an attempt to nake 1t 2 hipgh molsture cheose
and the gecond lot waas dipped 2.5 fo .75 hours after cutting
to moke 1% 2 low molsture cheese, The whey =cldaity ﬂf Alp-
ping waeg 0,080 to 0,085 percent hizher for the lots of cheesge
held 2.5 S0 2,786 houre after cutting then for those held 2,0
hours aftnr cutting, The control of the amount of moisture
in the chesse wna not sucnesaful, 23 the molsture contents
of the cheenre in triales 1, 3, 2nd 6 are reversed. The

. molature content of the cheege possibly wag a function of

the nctivity of the laetic culture after the cheasse wsa
dipped rathar than of the manufacturing prccedure.' Thig
entire grouwp of cheesse was not paraffined and these cheese
develoned & red slime which was not typical of the other
lotes The soores and total volatile zcldlties for these
cheese are presented in Table B.

No correlstion %a shown between the flavor acores and
moisture contents of these cheese, The small increnses in
the total volatile aciditiess Prom the eighth to the twelfth
woek In several of theses lots of oheese indioante that in
sone instancen the normal ripening stonped at 8 weeks. Thig
may be a renson for the lack of correlation between the 12
waak flaver acores oand the total volatile 20lditles, Some

of the cheese in thig groun as well as in others hed a high
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Effect of the Moieture Content of Blue Cheese, Made With Lifferent Streil)

-

Lot 8t
‘* N

No.

839

rain;M

nisture: Mold EBcare : nefect Boore

.
&

: 47.60

WEE.: 8 WKB, 140 WEBa.: & 7EB.: & WKB,. 3 12 WES.,

s® g0 oo

128 D 605 i 5.0 3 koD : heb 1 3.0 i 6.5
130 ¢ 839 3 48.70 3 To5 i 7.5 3 Leb : 6.5 : 4O 3 6.5
129 H 8-':&3 . 1@9'.10 H 700 £.0 H l+-0 H 6-5 t’+o5 H f:)os :
13 ¢ 843 & 4695 ¢ 7.0 : 7.5 L5 6.5 5.5 : b.5 :
132 1 BLOE 1 46.85 1 3.5 1 5.0 ¢ LS5 3 3.0 : 4.0 ¢ 3.5
3% & 846 ¢ 49.05 : 5.5 ¢ 4.0 : 7.0 ¢ 5.0 : 5.5 : 3.0 :
133 H 81&8 H h8.25 H 600 H 5-0 . 505 . 4.0 : 10-05 H l&ts
.135 : Bbﬁ . h6.50 H 14-05 ) 1{-00 H L.O H 305 H 5.0 . 5-0 )
136 % BL37: 47420 : L4eG : 2.0 : b4eb5 2 2.5 1 3.5 i 3.0
138 & BL3 : 46.85 1 5.0 : 5.5 t 5.0 : 6.5 : 3.0 : 5.0
137 s Wele l’)ohs H 6.5 H z}ob H h.O H 3-5 H 11-05 : l‘.:’
139 ¢ MJ.Le @ 46.9% ¢ 4.0 ¢ 4.0 : 5,5 :+ 7.0 : 5,0 : 7.0 :
¥  The ourd for the tirst chease of esach poir wes beld in the whey far
*%

Uafect comments sre for cheese 12 weseks qld.
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3 5 .

iz of ¥Myecotorula lipolytice added, Upon Flsvor end Total Volatlle Acldity
Flavor 3core :Total Volatile Aoidigz_; Defect Comments**

B, 8 WK iz whS.: 4 wkE .t B WKB,:12 wKk8.¢

3¢5 ¢ 3.5 1 4.0 9.80 : 22.00 : 25,10 :81. sour

6.0 4LeO * 5.5 9.50 : 19.70 : 21.10 :81. sour

5.5 ¢ 5.0 : 5,0 : 10,00 : 23.60 : 20.70 :51l. sour

5.9 1 5.5 : 5,5 : 12,10 : 24.70 : 23.60 ;81. souyr

3.0 ¢ 35 : 4.0 : 11.00 : 22,00 : 31.40 :8our, sl. yessty

7.0. . 6.0 H lpos . 13. 50 s 20.00 36.00 :Sonr’ ‘yeasty

5.0 ¢ 5.0 : 5,5 : 11,00 : 19.70 : 22.60 :Sour, s8l. yeasty

LW,O ¢ 5.5 : 5.0 : 12,80 : 20.00 :hzh.ho :Sour, sl. yesaty

3.0 : 3.5 : 3.5 : 9.30 : 9.70.: 17.00 :Unolsen, ammoniecal

5.0 ¢ 5,0 : 6.0 : 11.00 : 10.50 : 17,50 :91. unolean

3.5 1 L5 2 L4eS : 12.60 : 1350 : 24.90 :Undlean, amponiscal

7.0 3 8.5 : 7.5 ¢+ 16.80 : 22.40 : 30.50 :

! hours, while thet for the second was held 2.5 - 2.75 hours.
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flavor score and a relatively low total volatile acidity,
indicating the oresence of flavor conastituvents other than
volatile aclde, The flavor scorea at 8 weeks wlithout excep-
tlon, and at 12 weeks with one exception, were hlgher on the
cheese made from cuzd held longer in the vhey after cutting,
degplite the comperatively unfavorable showing of the nddltion

of Mo lipoiytica cultures znd the lack of flaver development

in certain of the cheese. after the eipghth week, The
amnonlacal flavor defect encountered in two instznces was
appazrent only in the cheesze mede from curd held In the whey
the shorter time after cutting, These trlals indiccted some
beneficlal effects of holdlng the curd in the whey 10ﬁger_
before dipping ond allowing moye acld to develop; hovever,
not enougn trials were mede to estsblish definitely the
value of such & procedure in the manufacture of blue cheese
from pasteurized milk, Nore study upon this point would

seem desirsble,

Use of Mold Culturesn

Lane and Hammer (28) made blue cheese from unhomogenized

raw milk and used eight differant aetreains of mold, six of

which were Penicillium roquefort; straine, in an attempt to
determine dilfferences in flavor, fat acldlty, snd total
volatile acidity due to the mold strain, Some strainas
congletently gave cheese wlth high fat aclditiea, total
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volatile acldities, and good flavor, while others gave cheese
with low values and poor flavor. There was a general cor-
relation between flavor, and the fat acldity and total
volatile acidity of the cheese, Thibodeau and Macy (37) have

found that enzyme production by P. roqueforti may vary widely

from strain to strain, These findings were the basis for a

study of mold strains sultable for use in pasteurized milk

blue cheese,

Elghteen strailns of Peniclillium were assembled from

various sources as follows:

Strain No. Bource of strain

1l French Roquefort.

2 Treasure Cave culturae. ,
3 R2 isolated by M, B. Michaelian from blue cheese,
4 R4 1solated by M. B. Michaellan from blue cheese,
5 Egisolated by C. E. Parmelee from blue cheese

6 QZgolated by C. E. Parmelee from blue cheese

7 1golated by C, E. Parmelee from blue cheese

945,

8 833-P., roqueforti group =~ Lane's No, 9,

o French roquefort from Dr., Babel,
10 923=-No. 150 P. gorgonzola - Blsurge.

1l 830-P. roquefortl group - Lane's No. 6,

12 832~P. roquefortl group - Lane's No. 8.

13 836a-P, roqueforti III from Danlsh Roquefort.
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14 836a~-P. roguefortli II from caves of Blue
atAuvergne,

15 926~ No, 156 P, roaueforti - Thom.

16 824~ No. 150 P. porgonzola - Bisurge.

17 Minnesota atrein of P. rooguefortil,

18 Mold from Lenglols Llue cheese 1sgolated 1-15-46,

Proteolytic asctivity of mold strains

In an attempt to pilck certain of these mold strains
which mlght be the most sultsble for use in pasteurized milk
cheese, a study of the proteolytic and lipolytic activity of
all the strains was made, Proteolytic activity was studied
by use of a single inoculation with each strain in the
center of each of three petrl dishes previously poured with
Czapek's apar to which 10 percent of sterile skim milk hed
been added, The three sets of plates were incubated at 13,
21, and 30°C., and the dlameters of the colony and of the
elear zone around the colony were measured at varlous
intervala., The data are recorded in Teble 6, Only atrain
11 had a clear zone around it at 13°C, in 15 and 20 days;
three strains had clear zones at 21°C, 1n}5 days and seven
had clear zones at 21°C, in 7 dsys; all but four strains
had clear zones at 30°C, in 5 days, and all but five had
olear zones at 30°C, in 7 days. The width of the clear

zone around colonies of different strainé incubated for
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Table 6
Proteolysis by Different Mold Strains as Measured by the Agar Plate Me
: Temperature and Time
: 13°9C. : 21°C.
Moid : 15 days : 20 days s, 5 days : .
Strain:Dismeter:Diameter :Diameter:Diameter :Diemeter:Diameter :Dia
No. of : of . s of : of : of : of :
: Colony, :Clear Zone: Colony :Clear Zone: Colony :Glear Zone: Co
(mm)  (mm) (a0 (2m) (mm) (ma) {
1 : - : 06 - : 24 - :
P 30 : - : 57 : - : 28 - :
3 25 : - : 65 : - 25 : - t
L 38 : - : 62 - : 25 : - :
5 L0 : - : 73 - : 29 - :
6 36 : - 65 - 2L, s - :
7 35 : - 68 . - 23 23 :
8 33 - 62 - 2 - :
9 52 : - H 51 - 29 30 H
10 : 58 : - : 70 - 2% - :
11 L3 : INA 65 67 22 26 :
12 L5 : - : 49 - 31 : - :
13 30 : - : 51 - 18 .- :
14 40 : - 67 - 29 2 - :
15 30 : - 60 : - 30 : - :
16 : 38 : - : 70 - 31 - :
17 52 : - 66 : - 1Yy - :
18 LO : - : 62 - 25 - :
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Table 6

the Ager Plate Method at Three Temperatures

iperature and Time of lncubation of Plates —
21°Ce : 30°C,

b days : 7 days : 5 days : 7 days
ter:Diameter :Diameter:Dlemeter :Dlameter:Diameter :Diameter:iiameter
: of H of : of - s of : of : of : of

ny :Glear Zone: Colony :Clear Zone: Colony :Clear Zone: Colony :Clear Zone

) (mm) ({mm) (maw) (mm) (mm) ( mm) (mm)
: - : 33 T - 37 : 13 : 18 : 20 : 26

: - : W5 : - : 23 : 25 : 40 : 42

: - : 35 : - : 1, 18 : 21 i . k8

: - : 37 : - : 14 : 15 : 21 : ran

: - : Bl 3 - : 14 : 18 : 23 : 27

: - : 31 35 : 15 : 20 : 23 : 21

: 23 : 33 37 : 17 : _2 : 23 : 32

: - 32 : 35 : 16 : 21 : 2L : 29

: 30 35 : a7 : 22 : - 27 : -

: - : 0h : - 9 - : 25 : -

: 26 33 : 38 : 21 : 29 : 30 : L1

: - L2 H - H 22 : 29 : 30 : L2

2 - 27 28 s 14 : 20 : 17 : 27

2 - i3 : - : 19 : 19 : 33 -

2 - 37 : - : 20 : - : 32 : -

- L7 - : 22 : - : 29 : -

- 31 : - : 20 : 27 : 26 : 38

- L7 : - : 9 : 19 : 14 : 26
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the same length of time at the same tempersture varied greatly,
as dld the size of colony. In general, the colonies grown at
higher temperaturcs were nnt so large ac those grown at

lower temperatures, out were more dense,

Lipolytic activity of mold stralng

The lipolytic activity of the strains of mold was
studied by a procedure simlilar to that described for
proteolysis except that C.5 ml, of a 3.0 percent butterfat
emulsion in 0.5 percent agar was added to each plate before
it was poured with Czapek?s sgar to which nile-blus sulfate
had been added in & concentrstion of 1 to 15,000, No. milk
wag used in the ager, The three sets of plates were incu-
bated at the seme temperatures and for the same lengths of
time ag An the study of proteolysis. The degree of
1ipolysis was indicated by plus and minus signs, and the
data are presented An Table 7. The mold cultures were
lipolytic over a wide temperature range, although the great-
est amount of lipolysis was at 21°C, for 7 days. Lerge
variation was shown in the lipolytic activity of the various
straing of mold by this method,

The work of Thibodeau snd Macy (37) sznowed that lipase
production by P. roguefortl is incrasged gfeatly Af the

sugar in Czapek's agar 1s replaced by peptohe, The lipasge
production by these 18 stralns was maasured by a procedure

ldentical to that desoribed in the preceding paragraph
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Table 7
Lipolysis by Different Mold Streins as Messured by the Agar Plate Met

: N Temperature and Time
: 13°C, : 21°C.
Mold : 15 days : 20 days : 5 days :
Strein:Diaemeter: Degree :Dlameter: Degree :Dlameter: Degree :Dlame
No. : of : of - : of : of : of : of : of
: Colon Lipolysis: Colony :Lipolysis: Colony :Lipolysis: Colc

(mm) (aua) , (mm) (1

1l 30 - : 35 - : 27 ~ : 3

2 21 - : 26 - SR ¥ A + : i

3 29 - : 34 ¢ ++ : 23 +4 : §

4 30 - : 33 : ++ : 21 - : 2

5 38 + : L6 - : 27 + : 3

6 : 3 - : 35 + : 28 - : 3

7 33 ¢ - : L3 - 23 ¢+ : 3

g8 30 -~ : 3 + : 23 + : 2

9 : 3 et H 38 *+ H 27 - : 3

10 : 33 + : 38 + t 24 - s 2
11 38 - : L2 .. - 27 - + : 3
12 28 + : 33 + : 26 ++ 3 2
13 27 - : 32 ¢ - : 22 - : 3
14 45 + : 5L ¢ ¥+ : 31 e by
15 27 - : 31 - 19 : - : 2
16 : 38 - : L3 ++ : 23 + : 2
17 31 ¢ + : 36 + 20 S+ : 2
18 L1 ¢ + : h 2+ : 29 0+ : 3
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Table 7
» _Agar Plate Method at Three Temperatures

‘ature and Time of lIncubation of blLates

21°C, : 30°C.

1y8 : 7 _days : 5 days :__ 7 days
. Degree :Diameter; Degree :Diemeter: Degree :Dlameter: Degree
: of : of : of : of : ct : of s of
Lipolysis: Colony :Lipol sis: Colony :Lipolysis: Colony :Lipolysis

, (mm) (mm) (mm)
. : 37 3+ & : 12 : - : 17 ¢ =
.+ 6 @ o+t : 12 - : 16 : -
. : 3L ¢ et : 14 + : 18 o+
- : 29 i - d B : 18 : +
ot : Y : 2 s - : L o o+

~ 36 : - : R R : 20 ¢+
* : 30 o+ : 11 - : 5 o+
, : 29 4 : 12 @ - : 17 ¢« +
, - : 38 4 19 - : 22 ¢+
: - : 29 - : 5 ¢ o+ : 20 : -
.+ 33 ¢ 4+ g8 : =~ 13 : -
e+ : 29 v e+ 16 : + : RO s+t
I : 3 - : 13 o+ : 17 ++
: +4+ s L, +++ : 21 ++ : 28 +t
: - : 29 = + : 12 + : 19 +
e : 26 + : L : - : 16 -
.t : 26 1 ++ : 7 - : 12 @ -
: + : 35 9 ++ : 8 - H 12 -
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except that the sugar in the medlum was replaced by 0,3
percent peptone, The lipolysis by zll strains, at all
temperatures, for all the lengths of time used was very
atrong and would heve been indloated by three plus signs,
It wag so strong by 2ll strains thaet no differentiation

between strains could be made,

Test of mold strains in cheese

With the sid of the data of Tables 6 and 7, eight
mold mtrsins were seleoted to glve as many combinations of
protaolytlc and lipolytic activity as possible, Mold powder
was presared with esach of these straine by the method of
Hussong and Hammer (21), A lot of homogenized raw milk
cheese was made with each mold atrain by the method of Leane
and Hammper (28), and a lot of‘homoganized pasteurized milk
cheese was made with eaoh mold strain by the method described
under WMethods®, The scores, total veolatile aclditiles and
defect comments for these cheese are given in Tablele.

The flavor scores, total volntile acidities, and fat
acidlties of the cheese made from pastenrized milk are
aulte consiastently lower than those of the cheese made from
ravw milk. All average velues ars lower sa shown at the
bottom of the table. Stralns 17, 7, 6 and 3 gave the best
reaults in raw milk cheese, and straine 13, 6, 7, and 17 gave
the beat results in pasteurized milk cheese. Three of the

four straine ooccur in both lists, although in reverse order.
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Table 8

Comparison of Score, Total Volatlle Acidlty, and Fat Acidity of Blue C.
TTsing Wiaht Strains of Penleilll
: :Nold : :Total Volatile

Lot :Treatment:Strain: Mold Score ¢ Flavor Score : Acidlity
No. :0f Milk ¢ No. : 4 wkS.:18 wks.: 4 wks,:18 wks.: /) wks,:l), wks.

-~

17 : Raw 3 : 5,0 8.0 : L5 6.0 : 16.00 : 47.20
13 : Past. : 3 3.0 5.0 ¢ 3.0 3.0 : G.00 : 30.40
18 : Raw 6 : 7.0 : 9.0 : 6.0 665 ¢ 15.50 : 51.80
14 ¢ Past., 6 6.0 : 5.0 : 3,0 5.0 ¢ 7.40 : 28.00
19 : Raw : 7 70 5,5 1 5,0 7.0 : 16,70 : 51.00
15 : Past. : 7 | 5.0 6.0 : L.0 Leb ¢ 7430 ¢ 42,50
20 : Raw e 11 : 7.0 9.0 : 2.5 ¢ 5.0 : 13420 : L4430
16 : Paste ¢ 11 . : 4.0 8.0 : 40 ¢ L0 3 6.50.: 36.60

5 :  Raw : 12 665 9.5 : 3.0 3.5 & 14400 : 44400
9 : Past. : 12 7.0 5065  L.b 3.0 : 5.80 : 11.00

6: Raw : 13 : -4e0 : L4eO : 5.0 : 5.0 : 17.00 : 45.00
10 Past. : 13 3.0 : 7.0 : 2,0 : 5.5 : 7.60 : 24.00

7 : Raw ¢ 1lh : LeO : 3.0 LeO 2 Le5 : 16400 : 64.60
1l Pagte ¢ 14 : 5.0 : 8¢0 ¢ LeO : 3:5 ¢+ T7.60 : 34620

8: Rew : 17 : 9.0 9.0 ‘t kb 7.5 1 11.60 : 43.60
12 : Pastg H 17 H 700 6.0 H 1.0 ’+o5 H 5080 : 18.00
AVe Raw H 6019 H 7.12 : 14431 H 5.62 H 15000 H I+80914-
Av.: Past. Le8T7 ¢ 66431 : 3.19 ¢ Lol2 ¢ T7.12 : 28.09

¥ Defeoct Comments are for cheese 18 weeks old.
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Table 8

ldity, and Fat Acldity of Blue Cheese Made from Raw and Pasteurlzed Milk
Tsing Bight Strains of Penlcillia

:Total Volatile : :
. _Flavor Socre @ Acidity ¢ et Acidity : Defeot Comments*
b WKS.:18 wks.: L wks.:ly wks.: 4 wks.:l) wks.:

e o
[ ]
(2]

s 16.00 ¢ 47.20 22,20 : 27430 : Lvidence of two molds
: 9.00 : 30.40 : 2.00 : 11.50 : Nuti{y, undesirable

: 15,50 : ' 51.80 : 21,25 : 22.80 :
t 7.40 ¢ 28,00 1 285 : 14e50 : Nutty

: 16,70 : 51.00 : 23,10 : 36.15 :
¢ 7430 ¢ 42,50 ¢ 2.00 : 8.07 : Nutty

t 13620 : 44430 ¢ 22,10 : 33.25 : Soapy
t 6450 & 36.60 : 2,85 : 9.70 : Soapy

: 14400 ¢ A4.00 : R0.95 : 22,30 : Sweet, unnatural
: 5480 : 11.00 : 11,90 : 8.84 : Nutty

¢ 17.00 : 45.00 : 2345 : 29.65
0 7.60 3 24,00 3 2.75 : 11,72 : Nutty

: 16,00 : 84.60 : 25,60 : 32.97
S 7460 : 3420 : 3,05 : 12,60

: 11.60 :th3.60 : 22,25 1 28.87 3
: 5080 : 18,00 : 2.35 H 9000 H Nutty

2 : 15,00 : 48494 : 22.61 : 29.16 ¢
2 1 77,12 : 28,09 1 3.72 3 10.7h :

o o e e
° o o
.

wWw W I e WO
L ]

[ T
¢ o
.

Lacking
Nutty

[ ]
Oy Wt W\ WU O O\ o0 WO [@ RN, [eXe)

L]
e o

HFw oW 00 OO0 WMo Owvw 00 OO Own

\O i~

wE HEOFE DWW W FD U woey wE

£ £ wE i

L]
L 2N
.o
-

3eks old.
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Strain 6 wns found to be the best single strailn for use in
cheese from both raw snd pasteurized milk, S8train 11 is of
interest because 1t has the ability to hydrolyze fat, as
shown by the high total voletile aclildities in cheese from
both raw and pasteurized milk, but 1t lacke the abllity to
build up fine flavor as shown by the socapy defect in both
types of cheese, 8Strain 14 produced high total volatile
acidity in both types of cheese, but did not produce fine
flavor., Thie strazin wes the most actively lipolytic estrain
as shown in Table 6,

All lots of cheese from pasteurlized milk, with one
exception, were oriticized for having a nutty flavor. This
flavor seems to be somewhat characteristic of blue cheese
made from pasteurlzed milk to which no enzyme preparat;on
hag been added, The data indicaté that it was not possible
to find & mold strain among those tried that was superior

For use in making blue cheose from pasteurlzed milk,

Use of a blue cheese emulsion in nilk for cheese

An attempt was made to improve the flavor of blue
cheese from pasteurized milk by the addition of varlous
amounts of an emulgion of a well cured, fine flavored blue
cheese to the milk in the hope that some of the enzymes
night be cazrrled over, This proved to be very unsuccessful,

apperently because of the transfer of defect producing
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mieroorganlams, presumably -yeasts, “in the cheese emulsion,
All lots of chaeese (21 to 28 inclusive) made by thls method

were vory yeasty nand were dlsonrded a% the end of 4 weeksa,

Use of mold-enzyme preparation in cheese

The work of Thibodeau snd Macy (37) and the tests for
lipolygls made of the mold strains on Czapek's agar in which
the sugar was replaced by peptone indlcated the possibllity
of making an enzyme preparation for addition to the cheese
by growing mold on this type of medlium, These workers found
that Czapek's solution plus 0.1 percent agar plus eithar
skim milk or peptone gave the best mold growth, and that
Czapsek'as solution without sugar, plus 0,3 percent peptone
and 0.3 percent butterfat gave the highast lipase actlvity.
A medium which was a combinatlion of these two was made and
had thla composition!

Sodium nitrate 2. 00 grams

Monopotassium phosphatel,00 grams

Potagaslium chloride « 50 giramsg
Magneslum aulfate « 50 gramé
Ferrous sulfate 01 grams
Peptons 3.00 grams
Butterfat 100,00 grams
Agary 5.00 grams

Water 1000,00 ml,



47

Due to difficulty in sterilizstion, the butterfat was
aterllized geprrately snd added to the semi-solid medium at
the tine of inoculzstion, The medium was Alspensed in bhottles
which were only helf filled so ths butterfat could be
emulsified by shaking,

The nold-enzyme prepsratlon was mades by inoculeting
the gbove medium with mold spores, emulsifying the melted
butterfat into the medium and placing the medlum in previously
sterilized 2800 ml, Fernbach flasks to a depth not to erceed
one inch, The mold was 8llowed to grow for 7 days at room
tenperature, wlth shaking at 2 day intervals to break up the
surface felt., This mold-egnzyme preparation made with 4 ALt~
ferent mold glrsing was zdded to 4 lots of pasteurdized milk
at the rate of 0,55 percent and the mllk was made into chease,
The scores, totol volstile ecidltles, and frt nciditles of
this cheese are glven in Tpble 9,

At 12 waeke 81l four lots of cheese had considerable
peprery flavor but were ton rancld to score, indloating that
oo much of the preparation h:id bLeen added, This 18 substan«
tiated by the erceedingly high total volntlle zcidlties and
fat acidltieas In these cheese the defect scores and flavor
georen 2vre quite closely correlated but thore neemg to be
no relationshin between them and the mold scorecs, Strains
4 and 17 gave the highest {lavor and defect zcores at 4 weeks,

The preceding trinls Aindlcsted some possibilities for
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Table 9

Effect of the Addition of 0455 Percent of Mold-Enzyms Preperation to .

sMold

e se

:Total Voletil

Defect Comments are for the scores at four webks.

Lot:Strain: Mold Soore Defect Score : Flavor Score : Acidity
Noe: Noe 4 wkse:1l2 WkSe:l WkSe:1l2 WkB8.:L WksS,:12 wks.:4 wks.:12 wks
L8 ¢ L ot LeD i 5.0 : T.0 : = ¥k 6,5 - ¥*48,10 :107.0C
K9t 12 1 5.0 : 6.5 i kO = 1 5.5 = :25.20 : 38.90
50 ¢+ 14 ¢ L0 '6.0 L0 - - - % ¢ B - 122.40 ¢ 64.0C
5L ¢ 17 & 6.5 i 4O 505 ¢ = : 6,0 : - :63.00 : 99.6C
*

** Hydrolysis of fat too extensive to permit acenrate scoring et 12
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Table 9

Enzyme Preperation to Pasteurized ifilk

:Totel Volatile:
r Score : Acidity : Pat Acidity
212 wke.:ly WKkSe:tl2 WKSe:L WKkS.:12 WKS.

Defect Comments *

s = 8,10 :107.00 :L5.13 ¢ 98.55 :Excessive fatty eclds

2
»

: - 225,20 1 38.90 :26.90 : 56.48 :Some ketone, sour, unclean
: = 122,40 : 64,400 :20.38 : 50.83 :Yessty, uncleen, lamcking
: - :63.00

se

99.60 :48.76 :112,63 :Some ketone, sxceossive rancidity

wesks.

conrate scoring et 12 weeks.
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the speclal mold culture if the right mold strsin was selected,
and 1f the proper concentration of mold-enzyme preparatlon
were used In the cheese, A number of mold strains were chosen
for various reasons to be used in further trisls with this
method, Strain 4 was chosen because 1t was one of the'beet
in the preceding trlal and becsause it wss the strain being
uged In the commercilal production of mold powder, Strain

12 was the poorest strain in Table 8 and one of the poorest
in Teble 9. Strsin 6 was the best strain for both raw and
pasteurlized milk cheese in Table 8, Strain 13 gave about
equal and average results for both raw and pasteurirzed milk
cheese as indicated 4in Tgble 8B, BSirain Yig was a new straln
1s0lated from an excellent blue cheese obtalned from dMaytag
Dalry PFarms, Newton, Iowa,

Mold-enzyme preparations were made with each of these
straine of mold snd were added to three vate of milk at the
rates of 0,05, 0,10 and 0.25 percent. The scores, total
volatile acldities, and defect comments on these lots of
cheese are presented in Tgble 10,

All lots of cheese, with 2 exceptionag,made with sdded
mold-enzyme preparation had higher flavor and defect scores
at 8 and 12 weeks than the corresponding control cheese
made without added mold-enzyme preparation., In general the
higher concentrations of mold-enzyme preparation resulted

in the hlgher flavor scores at 12 weeks, In one case the
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Table 10
mn of Flve Strains of Mold to Pasteurized Milk
e s e oo~ ot
| : otal Voletlile :
Flavor Score : Acidity : Defect Comments*

}h wks.:8 wks. :12 wks.:4 wks, :8 wks.:1l2 wks,.:

8.60 : 12.80: 28.60 :Sour, musty, cheddary
9,30 16.40: 22.30 :81. nutty
9,80 : 1l4.70: 26.00 :8our, sl. unnatursl

9,50 : 19.00: 36.50 :81. nutty

:10.00 : 11.10: 15.20 :Sour, fermented

: 7.50: 12,00: 15.70 :S1. sour, sl. fermented
2 7.50 18.00. 28.40 :Unclean, sour, rermented
112,00 : 21.40: 32.80 :81. fermented
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6,00 : 10,00: 22.50 :Musty, unnatural
12,10 : 21.50: 42.50 :Unnatural

21.00 : 35,10: 51.05 :Unnatural

28.20 : 61.50: 78.80 :Excessive sharpness

a0 89 ew o
ey ©8 s oo
e e °

lhe402 14450 :Musty, sour, unnatural
14420: 14450 :Unnpstural

12.50: 15,60 :81., unnatural

12,50: 16.40 :Unnatursl
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13,30: 15.40 :Musty, yeasty, sour
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29,00: 29,20 :Unnetural, sl. sour, cheddery
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9,50 17.80 :Yeasty, sour, unclean
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flavor acores at 8 and 12 weeks were reduced because of
excessive fat hydrolysis.

With all the mold strains except 13 a definite increase
occurred in the total volatile aclditles at 8 and 12 weeks
with increase in the concantration of mold-enzyme preparation
useds The 12 week value for total volntile acldity of the
control cheese made with mold strain 4 appears to be out of
line with the 4 and 8 week values and the other 12 week
valueg in that serles, Strains 4, 12 and 6 appeared to
cause the most improvement in the flavor of the cheese, whille
strain 13 appeared to cause the least lmprovement of the
flavor of the cheese, Strain 6 conaslstently glves the
greatest increase in total volatile acidity of any of thoase
used, It glves the bést flzvor also particularly when the |
total volatile acldity is in the range in which 30 to 60 ml,
of 0,10 N sodium hydfoxide are required to titrate the
volatile acids in the first 1000 ml, of dlstillate from
200 ge of cheese,

Relation of Chemical Analyses to Flavor Score

Relation of protein degradation to flavor score

Total nitrogen, amino nitrogen, ond nltrogen fractions
soluble and insoluble in phosphotungstic acid and in

trichloroacetic scld were determined on certaln lots of
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cheese. The velues for these determinations are glven in
Appendix B,

The amino niltrogen values for lots 29 to 47 and 52 to
63 at 12 weeks plotted against the flavor scores for that
same time are shown in Fig, 1. Values for certain other
‘lote upon which data concerning protein degradation were
obtained could not be plotted because these lots were not
scored at 12 weeks, The line of linear regresslon as
estimated by the method of least squares according to
Snedecor (3B6) is shown, The point A is located by the two
mean velues, The slope of the line of linear regression 1s
go steep and there sre so many points so far from the line,
that the amino nltrogen values are shown to have very little
relationshlp to the flavor score of the cheese, Prediction
of the flavor score from the amino nitrogen value could not
be made with any satiasfactory degree of reliability,

The values for the nitrogen fractions soluble in
trichloroacetic acid for these same lots of cheese are
plotted against the flavor scores in Fig. 2, The line of
linear regression and the point A located by the two mean
values are shown. The slope of this line 1s greater than
that of the one for the amino nitrogen values, indicating
that valuea for the nltrogen Tractlon soluble in
trichloroacetic asld have even less relationship to the

£lavor score of the cheese than do the amino nitrogen values,
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The values for the same lots of cheese of the nitrogen
fractlon soluble in phosphotungstic acld are plotted against
the flsvor scores in Flg. 3. The line of linear regression
and the point A loested by the two mean valuea are shown,

The slope of this line 1lg about the seme 2s that for the
line of the nitrogen fractlion soluble in trichlorcacetic acid
and 1s more steep then that of the line of the amino nitrogen
velues, Therefore, values for the nitrogen fraction soluble
in phosphotungstic acid would heve sbout thé game slgnifi-
cance in predicting the flavor scores of blue cheese as the
values for the nitrogen fraction soluble in trichloroacetic
acld and less signiflcance than the emino nitrogen values,

Becauge the degree of protein degradestion in the cheoge
had so llttle apnarent relatlonshlp to the flavor score,
determination of the nitrogen fractions wss dlsgcontinued

with 1dt 71 at 4 weeks and lot B3 at 12 weeks,

Relation of fat acidlty and total volatlle acldity to flavor

goore

In order to determine whether & relatlonship bhetween
flavor score and fat acidlty could be established, the fat
acldltles at 12 weeks on lots 28 to 47 and 652 to 55, as
shown in Tables 1 and 2, are plotted egalnst flavor score
at 12 weeks in Fig. 4., The line of linear regresslon as

calculsted by the method of least squares according to
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Bnedecor (36) end the point A located by the mesn values
are shovn, The data reveal very little correlation between
the fat scidities and the flevor scores of these lots of
blue cheese, Prediction of the probable flavor score from
the fat acldity or vice versa would not be possible,

The total volatlle aclditles were determined on all
lots of cheese from 29 to 147 at 12 weeks. The values for

the lots to which M. lipolytlcs culturss were added are shown

in Tables 2, 3, 4 and 6. The values for these lote, which
are nunbers 32 to 35, 56 to 9, 72 to 91, 112 te 119, and
124 to 139, ere plotted against the flavor scores in Mg D.
The 1line of linear regression and the polnt A located by the
mean values are shown., A falrly cloze correlatlon between'
the total volatile acidlty and the flavor score of theso
lots of cheeze 1s evident,

The total volatile acidity values for the lots of chsese
to whlch the mold-enzyme preparations were added are given
in Table 10, The veluas for lots 92 to 111 and 140 to 147
are plotted against the flavor acores In Fig, 6. Approxie
mately the same correlation ia shown in Flg., 6 as in Flg. 5.
The two values tn the extreme rlght in Flig. 6 were for
cheeses that was scored down because of excessive ranciidity,.

From Fige 6 and 6, 1t 13 apparent that the total
volatlle acldity 1s correlatsd with the flavor score of the

checsge more closely than 1s any of the other chemical
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anelyses used, The flavor score could be predicted with some
degree of nccuracy if the total volatile acidity of the
cheegse were known, In ygeneral, the cheese with highest
flavor scores had total volatile acidlties in the range in
which 30 to 66 ml, of 0.1l N alkall were necessary to tltrate
the volatile aclds in the first 1000 ml, of steam distillate
from 200 g. of cheese,
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DISCUSBION

The major difference in blue cheese made from pasteur-
ized milk and that msde from raw milk 1es in the amount of
flavor that 1ls developsed, as has bheen polnted out earlier.
The addition of M. lipclyticas oultures or mold-enzyme
preparationa tc the milk increased the total volatile
acidities of the cheese, vut dld not always result in fine-
flavored cheese.s Thies 1s partlcularly true of cheese which
does not have much mold growth, Desplte the few exceptions,
8 qulte close ralatlonghip between volatliie acildity and
flavor scors wes demonstrated as shown in Flz, 6 and 6,
Either of the two procedures gtudled anparently could be
used to glve any desirable level of fat hydrolysis, and
hence ench wvag a method of substituting other lipase for
the normal milk lipase, The dats obt2ined did not show as
close correlatlon bstween the fat acidities and the total
volatile acidities as Ald those of Lane and Hammer (28),
This may be due to the fact thot they were working primarily
with cheese made from raw mllk with no special cultures or
enzymes added, while the data in the przsent study were
obtained oa cheese unde from pasteurized milk to which
speclal lisolytic culturss had been a2dded in meny instences,

Ag wag indicsted in the "Review of Literature® and in
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the discusslon of Tgble 6, the volatile aclds probably are
not the only flavor constituents of blue cheese, Some lots
of cheese had relntively high total volatile acldities but
were criticized for having a green, mold=like flavor,
Iindlesting that some flavor constituents were lacking and
the flavor of the cheese wag not well~rounded. This was
true particularly of the cheese with extensive mold growth
after 4 weeks of curing, Other lots of cheese were relative-
1y low in total volatile acidities 2t 12 weeks but were
scored qulte high in flavor, because the flavor constituents
gave a well-rounded, blue cheese flavor., As has been indl-
cated in the literature, these flzvor constituents which
are necesagary for rounding out the flavor of blue cheese
probebly ars ketones which are formed by the oxidation of
the fatty aclds by the mold. They most likely dc not
appear in the oheese 2t 4 weeks because the conecentration
of fatty aclds has not been built up eﬁough to cauae'the
mold to carry on the abnormal oxidation of the fatty aclds.
which results in the production of the ketones,

The marked differences in the sultabllity of different
strains of Mycotorula or mold would be en important factor
to congider in the application of these procedures to
commercial practice, Not only would selection of proper
original strains be necessary; constent checking also would

be needed to insure that the cultures maintained thelr
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oripsinal charscteristics,

The use of M. lipolytica culturee An cheese on =
commerclal basls would bte a relatively simple procedure,
The culfture could be prepsred by inoculstion of sterile
homogenized whole milk and incubstion =t 30°C, for 48
hours, This oculture could be added to the milk for cheese
ot the desired rate which would depend upon the activity of
the particuler culture and the amount of flavor desired,
The uge of the mold-enzyme prepzration on a commercial bagis
would be somewhat more complioated, but the reliahility of
the method and the results obtained might well be worth the
added Anconvenience. The preparstion could be made by
inoculstion of the modifisd Czapek's medium with the proper
mold straln and incubation in PFernbach flanks at 20 to 26°C.
for a week. This preparation should be homogenilzed into a
gmall amount of milk ~nd added to the milk for cheese at
the rate of 0,05 to 0,26 percent, depending upon the amount
of flavor desired in the cheese, The attitude of regulatory
officlals and the dsfinitions for cheese which are belng
eatablished would be fzctors to conslder in the use of
el ther method,

Some of the results obtained Aduring the course of
thias work have indleated that several things should be
investigated before these methods wlll be rellable for

commercial cheese manufescture, A method should be devised



686

for rapildly detcrmining the lipolytic sctivity of the molde
enzyme preparation at the time 1t 1a to he used, Further

studles ghould be made on the population of M. lipolytica

organisms in the cuiture 2%t the end of 48 hours incubstion,
The regults obtalned indlcgted there may haeve been qulte a
varlation in that population. Factors affecting these
varlstions in numbers of orgsnisms should be determined.

The minor difference in blue cheese mmfe from
pesteurized milk and that msde from raw milk ie in the
character of the curd thet is obtained, The curd f'rom raw
milk is tough, pliable, and elastic, while thst from
pasteurized milk 18 soft and very brittle. This difference
in the charscter of the curd necessitated the changes in
the manufscturing procedure which hsve been indicated, in
order tc obtaln a cheese that waa sufficlently oper-bodied
to zllow mold growth, which in turn would cause fat break-
down and flaver development,

Some improvement in the elsstliclty of the curd snd
the openness of the cheese was accomplished by the use of
more rennet and by the addition of calclum chloride to the
milk before 1t was set wilth rennet. However, the character
of the curd and the body of the chesse still were not as
satlafzctory aa were thoso of the cheese made from raw
milk, Olosely assoclated with the character of the curd,

was the control of the molsture content of the cheese. As
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¢can be gseen from the data on composition presented in
Appendix A, the cheese made from pasteurlzed milk ususlly
was high in molsture, The control of the moisture may
hewe Desn more cloaely related to the activliy of the

lzctlce -culture than to the msnufacturing procedure, as
pointed ont in the dlascusslon of Table 5. Cheese which

hzd a moisture content lower thon 45 or 46 percent vas
inclined to be very Ary eond crumbly., The body of all the
cheese made from pesteurlized milXk wags go flrm that one was
mlsled as to the moisture content of this cheege, Certain-
ly the »nroceldures used in the manufacture of blue cheese
from raw mllk csnnot he used for the manufacture of blue
cheese from pagteurired mnllk without modlfilcation,

Further study of modifications which may reduce the
molsture content of the cheese and gtill glve a hody and
texture more open nnd less frazile wonuld seem Jesirable, now
that meang have been found for bringing about the fat
degradation which normelly is lacking An blue cheese made

from pasteurlzed mllkx,
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SUMMARY

A study wes made of some possible means by which blue
cheese could be msde from pasteurized milk and still develop
the flavor characteristic of the product made from raw milk,
Previous studles have indicnted the effect of pasteurization
arises, to a large degree, from the inactivation of the.
normsl milk lipase in cheese made from pasteurized milk,

A totel of 143 lots of cheese was made., BSeven lots
were made with the addition of varying amounts of the lower
fatty aclde, The sddition of the acids improved the flavor
of the cheese but did not give the flavor typical of good
blue cheege,

The addition of ocultures of three lipolytic bacteris
and one lipolytlc yeast to milk for cheese making was tried,
Cultures of the organieme grown in cresm containing 18 per-
cent fat were tried in 16 lots of cheese, and cultures of
the game orgsnisms grown in homogenized whole milk were
tried in 16 lots of cheese. The resulis in both cases were
very similar, M, llpolytica improved the flavor of the,
cheese and in some cases caused excessive fat breskdown,

A. lipolyticus gave the cheese unnatural flavors and dld

not cause much fat degradation. The cheese made with A,

1ipolyticum and P. fragl were musty and unclean and showed
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no evidence of fat hydrolysis by these organisms,

Eleven M, lipolytica strains collected from dlfferent

gources were tried In 28 lots of cheese to see if there was
any varletion in the effect of different strains of the
organism in cheese, Most strailns improved the flavor of the
cheese but some stralng appeared to improve the flavor more
then others, Of the atrains used, 835, 843, W.lL,, 848, and
8,6 gave the most improvement in flavor,

A collection of 18 strains of mold of the Penicillium

roquefortl type was asgsembled from various sources, Theae

were tested for lipolytic ability by the nile-blue sulfate
technlique 2nd for proteolytic abllity by Freudenreich's
technique (15) on Ciapek's ager. Wilde vsriations in
lipolytic snd proteolytic ability were shown by the different
cultures on regular Czepek's agar, The lipolytic ability of
the cultures was much grester snd ahout equal for all
cultures vhen the sugar in Czapek's agar was rerlaced by

reptone,

From the results of the above tests, 8 strains were
chosen, and s 10éf2heese from homogenized raw milk &and one
from homogenlzed paateurlzed milk wers made with each, No
particular streiln was found te be especislly Suited to the
menufacture of blue cheese from pasteurized milk, Btrains
6 and 7 gave the best results in both types of cheesgs, 2nd

strain 17 gave the best result in raw milk cheese,
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The addltion of an emulsion of a well-cured, fine-flavor-
ed cheese to the milk from which blue cheese was made, proved
very unsuccessful, apparently due to the transfer of contami-
nating microorganisms, presumably yeasts, to the milk znd
subsgaquent development of o yeassty flavor defect in the checae.

A mold-enzyme prepecation, mzde by the growth of P,

roquafortl on a semi-s0lid medium low in c¢srbohydrate and

containing butterfsat, was a2dded to the milk at the rate of
0. 55 percent snd gave cheese with a very high flavor and
exaegslve rancldity., The same btype of preparation was made
with b strains of penicillia and added to milk in amounts
varying from 0,08 to 0,25 percent., All stralns brought about
an improvement in flavor, although gome pboved betlier than
others, The optimum amount of mold-enzyme preparation to use
was between 0.10 and 0025 percent, depending upon the sharpe-
ness of the cheese desired, BStrains 4, 1% and & gave the
greatest improvement in flaver, whlle strain 13 gave the
leaat 1mprovemenf in flavor,

Protein degradstion studleg were made in an attempt
to correlate protein breakdown and flavor development, There
ls 1ittle or no correlation of values for amino nitrogen,
nitrogen fraction soluble in trichloroacetic acid, and
nltrogen fraotlon soluble in phosphotungstie acid with the
flavor acores of the cheese,

Fat acldity and total volatlle acldlty were determined
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in an attempt to correlate fzt Qegradation end flavor develop-
ment, There 1g¢ very little correlation of fat acidity with
flavor score of the blue cheese, The values for total
volatlile scidity correlate Prirly well with the flsvor scores,
The total volatile mcidity was the only chemical method
enployed which could be used to preduct the flsvor score with
any degree of sccurscy, Cheese with total volstile asciditles
in the range in which 30 to 55 ml, of 0.1 N alkell were
necessery to titrate the volatile zeids in the first 1000 ml,
of steam dlstillate from 200 g, of cheese, generally had the

higheat flavor scores,.



71

CONCILUSIONS

le Tha addition of vearying smounts of the fatty acids
butyrie, caproic, oapryliec, cepric, and laurie to melted
butterfset which wae homogenlzed into cheeege milk, improved
the flaver of the cheere malde from pasteurized milk dbut daid
not give flavor entirely typlcel of good blue cheese,

2¢ The addltlon of cultures of Alesligenaeg lipolyticus,

Achromobacter livolyticun, and Pgeudomonzg fragl to milk for

cheeze making di1d not lmprove the flavor of the cheese and
dld not resgult in eny eppreciable smount eof szdditional fat
hyarolysis, Cultures of Achromob.cter lipolyticum and

Poeudomonars fragl eppeared to glive the cheese musty and unclean

flavors,

-

3¢ The additlon of a culture of Myeotorula lipolyticse

to milk for cheese waking improved the flavor score and
inoreased the total voletlile acidity of the cheese,

4, Bleven strainsg of Mycotoruls linolytica isolated

from verious products differed markedly in thelr abllity, to

break down the fat =nd improve the flavor of blue cheese.
8. Mycotorula ocultures prepared in homogenlrzed milk

were a8 effactive as those prepared In eream contalning 18

percent butterfat in the lmprovement of the flavor of blue

cheoead,
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6s The 18 gtrains of nmnld of the Peniecillium roaqueforti

type tested showed some variation in proteolytic ability =s
mezaured on Czapek's agsar with 10 percent milk sdded. They
varied vidsly in lipolytlc abllities as messured by the
nlle<blue gulfate technicue with regular Crapekls aper ns

the basal nedium, The seme stralns were much more strongly
lipolytic and showed no gporeclable vzristion An lipolytic
ability when messured by the nille-blue sulfate technigue with
Czapek's agnr in vhich the sugar hed been roplaced Ly veptone
cs the basesl medium,

7« The oight atrains of Penlclllium uced in cheesr made

from raw and pastsurlzed milk varied greatly in their flavor
production snd total volatile =2¢id formation, Htraing 6 and
7 gave the begt results in both raw 2nd pasteurized milk
cheese, while strain 17 gave the best result in raw milk
cheoege,

8. The 23dition of an emulalon of a well-cured, fine=
flavored blue cheagse to the milk from which bdblue cheese was
made proved very unsuccegsful due to the transfer of contsmi-
nating microorgenlsms, presumably yeests, to the milk ond
resulting production of yesaty flavor in the cheese,

9 A mold-enzyme preparation used in lotes 48, 49, 50,
ond Bl at the rate of 0,565 parcent in the mllk.gove cheese
with the highert fat aciditles snd total volatile aciditles

of any of the cheese made, Thig ssme mold-enzyme preparation
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used at the rate of 0,10 to 0,26 percent in the milk gave cheese
with very good flavor,

10, The mold-enzyme preparationsmade with 5 strains of

Penicillium lmproved the flavor of cheese in all cases, Strains
4, 12,and 6 gave the greatest improvement in flavor, vhile
strain 13 gave the least improvement in flavor,.

1l, There was little or no correlation of values for
anino nitrogen, nlirogen fraction soluble in trichleoroacetic
acld, und nltrogen fractlon soluble in phosphotungstic acid
with {lavor scores of the cheese.

12, Total volatile acldities ocorrelated fairly well
with the flavor scoreg, but fat aciditles 414 not. The total
volatile acidlity was the best index of fiavor score of any of
the chemioal anelyses used,

13, Cheese with total volatils aciditiss in the range
in which 30 to 55 ml, of 0.1 N alkall were necessary to
titrate the volatile aclds in the firat 1000 ml, of steam
distillate from 200 g, of cheese generally had the highest

£lavor scores,
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Continued
.Manufacture Data nnd Analyses of Rlue Cheese ...
I : 3 ' : : ’ L $CGaClo
Lot: Date; Milk : Wnny ! Fate FPt“* .Moisture.ﬂmlt*“'addai
No,: of ‘Acidity‘Aoidity*: in ¢ in ¢t in ! 4in ! to
¢ Moket : tHllk: Cheeee. Cheess tCheeseimilk
3 1 {8 it (D) (B (7) (Z) s (#) : (7)
89:10-24: 0,170 ¢ 0,170 3.4 6 62’ 46,20 ¢ 3,74 ¢ -
90:10-24: 0,170 ¢ 0,165 1 3,4 28_12. 44,66 1 4,02 ¢ -
91:10-24¢ 0,170 ¢ 0,175 : 3,4: 27,99: 44,65 4,38 ! =
02:10-28: 0,155 ¢ 0,155 .3: 26,068 47,45 1 3,40 + -
93:110-268: 0,155 ¢ 0,140 : 3,9: 25,09: 47,35 u.46 : -
9410281 O 186 ¢ 0,140 : 3,2t 25,568: 47,85 ¢ 4,14 : -
95:10-268: 0,156 : 0,145 3 3,2t 25,19: 47,95 *,4 P -
96:11~ 5: 0,160 : 0,185 ¢ 3,6: 26,99: 46.80 : 3,79 1 -
97;11- 5 0,160 ¢ 0,180 : 3,61 26,73 46,75 : 3,93 ¢ =
98:11- b: 0,180 ! 0,155 ¢ 3,61 27,72% 45,95 : 3,51 &t =
09:11l- b5: 0,160 ¢ 0,160 : 5,6: 26,81: 47,06 : 3,73 3 =
100:11-12: 0,175 : 0,155 ¢ 3,7: 20,17 44,30 : 3,45 : =
161:11-12% 0,176 ¢ 0.18 ¢ 3,70 27,788 46,20 @ 3,84 -
102:11-12: 0,175 ¢ 0.140 ¢ 3.7: 25,85: 50,16 ¢ 3,55 1 -
163:11-12¢ 0,176 ¢ O,1B0 : 3,7: 26,57 48,50 : 3,77 1 -
104:11-19: 0,170 ¢ 0,188 : 3,8 26,89: 46,956 : 3,30 ¢ -
106:11-198: 0,170 : 0,180 ¢ 3.8: 27,03: 47,96 : 3,45 ¢ -~
106:11-19: 0,170 : 0,180 3 3.,8: 26,87 48,20 3,84 :
107:11-18: 0,170 : 0,186 : 3,8: 26,50: 47,90 3 3,17 : -
108:11-26: 0,170 ¢ 0,166 : 3,7: 27,36: 47,556 3 3,70 :0,01B
109:11-26: 0,170 ¢ 0,165 ¢ 3,7 29,24: 46,40 4,41 :0,016
110:11-26: 0,170 : 0,166 : 3,7: 28,12: 48,30 : 3,15 :0,015
111:11-26: 0,170 ¢ 0,165 : 3,7: 27,56 48,55 1 3,36 :0,015
1l.2:t12- 33 0,170 ¢ 0.190 : 3.5 28,05: 45,26 : 3,58 :0,015
113:12- 3¢ 0,170 ¢ 0,210 : 3,5: 26,42¢ 46,40 : 4,71 :0,015
114:12- 3: 0,170 : 0,100 : 3.5: 26.,42: 47,10 : 3,81 :0,016
116:12- 3: 0,170 : 0,180 ¢ 3,5: 26.93: 45,60 : 4,70 10,0185
116:12-10: 0,176 : 0,210 : 3,3t 27.H4: 45,40 : 4,38 :0,015
117:12-10: 0,175 : 0,180 : 3,3: 25,76: 48,36 : 3,99 :0,015
118:12-10: 0,175 : 0,210 : 3,3: £8.36¢% 44,25 ¢ 3,82 :0,0156
119:12-10¢ 0,176 ¢ 0.206 : 3,3: 27.39: 46,40 : 3,62 :0,015
120:12-17¢: 0,170 : 0,190 : 3,2: 28.28: 45,90 : 4,920 :0,015
121:12-17: 0,170 : 0,190 : 3,2: 28,70: 46,45 : 4,94 :0,015
122:12-17: 0,170 : 0,180 : 3,2: 28,203 46,20 : 4,57 :0,016
123:12-17: 0,170 : 0,185 : 3.2: 26,58: 48,00 ¢ 4,52 10,016
124:12-24: 0,190 : 0,186 : 3,0: 26,76% 44,65 1t 4,39 :0,015
126:12-24¢ 0,190 : 0,180 : 3,0: 25,31: 47,10 : 4,51 :0,015
126:12-24: 0,190 ¢ 0,180 ¢ 3,0: 25,78: 44,20 : 4,34 :0,015
127:12-24: 0,190 § 0,180 ¢ 3,0: 24,96: 47,45 : 4,94 :0,016




Appendlx A, Continued
- Manufaature Dats: and Angl*ses of-Blue Cheese

: , " ! e ] iy 'Cg(,l

Lot: Datet Milk ¢ Whey ! PatiFatwe tMolatbureiS-ltthiadde
No.,:! of tAcldityiAcidity*: in ¢ in ¢ in ¢ In ¢ to
s dioke:d : :Mllk.chees ¢! Cheesge (Cheecnseimilk
! o ( (£): (%) : (B)
1947 o o ) , i _ )
128: 1.23: 0,180 & 0,180 ¢ 3,4: 25,13: 47,60 ¢ 4,49 10,015
129: 1-23: 0,180 ¢ 0,170 : 3,43 24,72: 45,10 : 4,19 :O 016
150: 1-23: 0,180 ¢ 0,240 ¢ 3,4 24,83: 48,70 ! 4,47 :0,015
151 1~23' 0,180 : 0,220 ¢ 3,4: 25,43: 45,95 : 4,89 :0, L0156
1334 1-29¢ O 185 ¢ 0,200 ¢ 3,4 26,16 43,26 ¢ 4,07 10,015
134: 1-209: 0,185 0,260 ¢ 3,4 24,64: 43,08 1 4,72 10,016
156: 1-29: 0,185 @ 0,260 ¢ 3,4 26.80. 40,50 ! 4,54 :0,015
136 2- 5% 0,175 ¢ 0,200 ¢ 3,5 27,79 47,20 : 3,77 10,016
15%7: 2= Bt 0,175 0,190 & 3,5: 30.04: 43.45 ! 3,68 10,015
138: 2- 3¢ 0,178 : 0,276 ¢ 3,5 27,91: 48,85 1 4,12 :0,0156
139: 2- B: 0,175 : 0,275 + 3,B: 27,84: 458,80 : 5,03 i10,015
140: 2-11: 0,160 ¢ 0.170 : 3,7: 23,80: 45.40 1 3,74 10,016
141: 2«11: 0,160 : 0.170 : 3,7: 23,16: 47,35 1§ 3.69 10,016
1421 2-11: 0.160 ¢ 0,170 1 3,7 28,08% 45,85 : 3,35 0,015
143: 2-11: 0,160 ¢ 0,180 : 3.7: 238,62: 43,30 . 4,69 :0,015
l44; 2-18: 0.190 ¢ 0,210 : 3,0: 26.90: 43,00 : 3,91 10,018
145: 2-18% 0,190 : 0,200 : 3,0: 27.54: 47,20 : 3,79 0,016
147: 2-18: 0.190 : 0,200 : 3.,0: 27.88: 46,30 1 3,91 10,016

#*  Vhey acldity at time curd was dipped
#* Analyses were made on 4 week old cheese
+ Itaw mllk cheese
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Appentilx B.
Nitrogen Analyses of Blue Cheese

ittt . oo oy o ot S e i St~ g st

IR EIEER Precivitating Agent
LottAge (TotaliAmino: Trichloroacetioc = ¢ Phoaphotungstic
No,tWkg,t N, ¢ N, ¢ Acld : Acid

: : : {80l.®i1Insol. *iTotal* 1801, %1 Tnsol, *tTotal#

H ‘
e

¢ 410,238 4,33t 2,617 7,44 110,05 10,71 ¢ 9,04 ¢ 6,75
6+: 4 : 9,921 2,48: 1,36: 8,09 : 9,44 10,20 : 9,31 : 9,51
1 403 9,740 2,348 1,66: R,68 110,24 10,56 t 8,89 : 9,45

S8+t 4 110,71: 2,75 2,08: 7,91 : 9,99 11,45 : 9,44 :10,89
9t 5 :110,39: 3,17 2,22 7,94 110,16 11,52 ¢+ 8,88 :110.40
10 + 5 tlo,58: 1,96: 1,62 9,51 :11,13 :0.54 : 11,03 :11,567
11 : b :1l0,80¢ 2,17: 1,84: 8,83 110,67 :1,08 : 9,56 :10,64
12 ¢ b :110,79: 2.,68: 2,77 7,82 110,59 1,17 : 10,17 11,3
13 ¢+ 5 :11,18: 3,06: 2,71: 8,88 :11,39 11,24 : 10,29 :11,563
14 1+ 5 :11,35: 3,39 2,87: 8,456 111,32 311,40 : :
15 ¢ 5 1:11,34: 4,961 4,52 7,95 112,47 12,18 ¢ 9,91 112,09
16 ¢+ 5 :110,90: 6,38: 5,47: 6,07 111,54 32,71 :
17+: 6 110,562: 2.63: 2,95 9,00 :11.95 :1.61 ¢ 10,45 :11,98
18+ 5 111,25: 4,.03: 4,07 8,09 :12.16 :1.84 : 9,88 :11,72
13T 5 110.87¢ P 4,01 7,10 :11.11 12,20 ¢ AR,43 110,63
20+ 5 11,87 ! 5,87 6.32 112,19 13,14 : 8,29 111,43
21 ¢ 4 110.41: 3,756% 3.28: 7.12 110,40 1,73 ¢ 9,19 :10.92
22 ¢+ 4 :110,36% 3,20: 2.,81: 7.94 :10.76 10,96 ¢ 9,21 :1.0,16
23 v 4 :110.84: 2,68: 2,65 9,39 :12.04 :1,22 : 10,36 11,88
24 4 :110,53: 2,861 2,63: B8B,40 :11,03 :1.66 : 9,20 10,86
26 U 4 1 9,47 4,08 3,38: 6.41 : 9,79 11,67 ¢ 8,20 : 0,96
26 ¢ 4 ¢ 9,47 E,71L¢ 3.24: 7,12 110,36 11.40 * B,68 t10,086
27 1 4 110.45: 2,91 3,26 8,00 111.26 1,27 : 9.37 10,64
28 t 4 110,16 3.04% 2,49: 7,80 110,89 0,80 : 9,17 : 9,97
29 ¢ 4 : 9,688 1,79 7.61 ¢ 9.40 10,28 ¢ 9,79 10,07
30 ¢+ 4 :10,39: ¢t 1.81: 8,81 :10.32 (0,45 t 10,21 10,66
3L ¢ 4 110,75 ¢ 1,71 9,16 :10.86 1N, 44 : 9,55 ! 9,99
32 1 4 :110,94: ¢ 0,76 9,27 110.03 0,26 * 9,93 :10,19
33 ¢+ 4 110,53 ¢ 1,13 A”R.78 : 9,91 0,30 ¢ 9.41 : 9,71
34 + 4 : 9,95 P 1,01 B,43 : 9,44 0,26 ¢ 9,21 : 9,47
35 + 4 110,78: ¢ 1.29: 9,08 110.35 10,40 ¢ 9,92 310,32
36 ¢+ 4 :10.685: $ 175 2,64 110,39 0,564 : 9,85 :10,39
37 ¢ 4 111,16 ¢ 1,56 8,81 110,38 0,46 ¢+ 9,95 110,41
38 ¢+ 4 110,33 P 2.,230 8,18 110,41 10,563 ¢+ 9,37 : 9,90
39 ¢ 4 110.68: 2,30 8.28 :10.56 :0,64 ¢ 9,46 :10,10
40 ¢ 4 :10,48: ¢t 1,74 8,62 110,36 0,556 ¢+ 9,85 :110.40
41 ¢ 4 :11,16: ¢ 1,767 9,70 111,48 10,40 : 10,65 :11,06
42 1 4 :10,99: ¢ 1.83¢ 9.02 :110.55 :0.38 ¢ 10,40 :10,78
43 + 4 10,57 ¢ 1.82¢ 8,42 :110.24 10,38 ¢ 9,22 ¢ 9,68
44 3 4 :10,54: s 2,28 8,64 :10,89 10,77 ¢ 10,00 :10.,77
46 ¢ 4 :10,54: ¢ 1.98: 8.71 :110.66 :0.56 : 9,74 :10.30
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Appendix B, Contlnuved
Nitrogen Analyses of Blue Cheese

MW

o

o
S —

s s I =
s B0 *s L] Precipitating Apent
LottAge (Tot21tAmino: Trichloronacetic ¢ Phosphotungstic
No,tWkse: N. ¢ N Acid : __Neig
: : : t8ol.%tinsol . *iToLtal®idol, *iIngol, #iTotal*
RIRTR T B T e T RIS D T S SIS
46 1 4 110,00% 11,89 8,34 110,23 10,90 t 9,25 110,15
47 3 4 1 9,90 ! 2,01 8,41 110,42 10,71 ¢ 2,25t 9,96
48 t 4 110,46: s 1,757 8.46 110,21 :0.66 ¢ 23,75 :10,41
49 ¢+ 4 :11,01: P 2,97 9,26 112,22 11,06 * 2,76 110,82
BO ¢ 4 :10,99: t 1,787 8,65 110.41 10,58 ¢ 2,88 110,46
51 ¢+ 4 :10,71: v 2,53 8,19 :10,72 10.99 ¢ 3,72 110,71
52 + 4 10,97  1.82: 9,20 :111.02 :0.68 ¢ 10,30 :110,96
53 ¢+ 4 111,092 t 2.,20¢ 8,90 :11,10 10,81 ' 10,06 :110,86
54 + 4 :10,52! ¢ 2,17 8,57 110,74 10.92 ¢ 9,66 :10,68
55 ¢+ 4 10.,88: = : 2,29 8,62 :10,91 10,90 : 2,87 110,77
56 1+ 4 :10,74: 2,16: 1.,89: 3,97 :110.86 :0.46 : 10,156 :10,61
87 1 4 110,44: 2,06 2,04: 8.24 :10,28 0.54¢ : 9,92 110,46
58 ¢ 4 :110.69t 1,74: 1.28: 8,75 :10,03 :0.26 ¢ 9,90 110,15
59 ¢+ 4 111.08: 1,06: 1,79 8,80 110,39 10.35 ¢ 9,94 110,29
60 ¢ 4 :11,19: 1.,24: 2,30: 8,92 :11,22 :0,50 : 10,58 :11,08
8l ¢ 4 111,14: ,96: 2,44: 83,88 111,32 10,40 ! 10,42 110,82
62 ¢+ 4 :11,05: ,B82: 1,84: 3,89 :10,73 :0.,45 ¢ 9,74 110,19
64 + 4 111,73 2,24 1,92 9,94 111,86 :0,16 ¢ 11,17 :11,32
65 ¢ 4 112,09: 1,98 1,87: 09,32 111,19 0,15 ¢ 10,72 110,87
68 ¢+ 4 110,97: 1,78: 1,31t 2,96 110,26 11,22 : 10.30 :111.,62
67 + 4 11,75 1,698 1.32¢ 5,17 10,49 11,22 : 10,62 111,84
68 ¢ 4 3112,05% 2,16: 2,.50: 9,20 :11,70 :1.,05 : 10,77 :11,.82
69 ¢ 4 :111,00: 1,65: 2,00: 8,65 110,65 10,78 ¢+ 2,67 110,456
70 ¢+ 4 :12,00: 1,70: 2,35¢ 9,26 $11,60 :1,40 : 10,56 111,956
71 ¢ 4 :11,78: 1,94: 2,50: 9,00 :11,80 :1,60 : 10,42 :11,92
5 ¢ 12 111,69:13,86: 7,463 3,79 111,256 14,26 ¢ 6,79 :111,06
6 ¢ 12 :110,39:11,01: 6,51l: 3,81 110,32 12,85 ¢ 7,00 ¢t 9,83
7112 110,94 8,93: 4,77: 5,84 110,61 12,72 ¢ 8,18 110,90
8 3% 12 111,22:10,76¢ 6,36 4,83 111,19 :3.37 ;¢ 7,83 111,20
9 ¢ 12 111.43: 8,88 5,20 6,44 111,84 :12.82 : 8,49 :11,31
10 ¢ 12 :11,47: 8,62: 4,72¢ 6,82 111,54 12,88 ¢ 3,59 111,47
11 % 12 :11,62:11,26: 5,30% 5,54 110,84 :3.19 ¢ 7,76 110,94
12 ¢ 12 111,641 9,73: 5,03: 86,567 :11.60 22,51 ¢ 8,66 311,17
13 ¢ 12 110,77 7,73y 7,27 4,33 111,60 12,95 ¢ 8,13 111,08
14 ¢ 12 111,73 7,21% 5,86: 4,84 :110,69 12,44 ¢ 9,01 :11,45
15 ¢ 12 :10,98:10,92: 6,14: 4,79 110,93 3,40 ¢t 7,30 :10,70
16 ¢ 12 :10,22:112,96: 6,96: 3,19 :10,14 14,42 ¢ 5,38 :10,80
17 t 12 3110.88:10,48¢ 5.,29: 5,36 110,656 4,31 : 0,36 110,87
18 ¢ 12 :111,44:13,62: 7.6565: 3,67 $11.32 14,98 ¢ 6,89 111,87
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Appendlix B. Continued
Nitrogen Analyses of Blue Cheese

——

I Ty Wy wey - Precipltzting Ament —
LotitAge (TotaliAminot Trichlorsacetic ¢ Plhosnhotunzstic
No, tWka,t N, ¢ N, ¢ Acid : Acid

REUE AR : __tBol.®iIngol,¥:iTotrI#i801,%:lnaol, ® iTotal*
19 ¢ 12 :10,81:13,20: 7,66% 3,37 :11,03 14,12 ¢ 6,47 :10,59
20 ¢ 12 111,42:15,08: 7,51 4,01 11,52 14,64 : 6,35 110,99
29 ¢ 12 110,98: 5,22: 4,10¢ 6,98 :11,08 2,70 ¢ 8,34 :11,04
30 ¢ 12 110,45 4,36: 3,587 6,98 110,57 2,24 ¢+ 7,94 :10,18
31 ¢ 12 :110,76% 4,91: 3,907 7,22 :11,12 :2,20 ¢ 8,64 :10,84
32 ¢ 12 :11,18: 2,22: 2,83 8,52 111,35 :1,70 ¢ 9,70 :11,40
35 + 12 :10,B2: 3,89: 3.82: 6,04 110,68 2,11 ¢ 8,79 110,90
34 1 12 110,45 3,92: 3,80 6,78 :10,58 :2,3¢ ¢ 8,07 110,46
36 ¢+ 12 :1l0,75: 2,12: 2,50 48,61 11,11 :1,23 ¢ @¢,28 :10,51
36 ¢ 12 110,358 4,99: 4,077 6,15 110,22 12,60 ¢ 7,80 110,40
37 ¢+ 12 :10,66: 4,40: 4,40: 6,41 :10,81 :2,50 ¢ B,20 $110,70
38 1 12 110,40t 4,73 4,12 5,856 : 9,97 2,47 ¢+ 7,56 110,03
39 ¢ 12 110,29 6,75 4,67 5,89 110,56 13,01 ¢ 7,18 :10,19
40 ¢ 12 110,658 4,26% 3,95 6,36 110,30 12,26 ¢+ 8,42 110,68
41 1 12 112,00¢ 4,49 4,B0: 7,89 112,39 12,38 ¢+ 9,20 111,58
42 1 12 110,64 3,74 3,387 7,20 110,67 1,956 ¢ 8,61 $10,56
43 1 12 110,19 4,87 4,31y 5,95 110,26 12,80 ¢ 7,27 3 9,77
44 3 12 110,70: 5,00 4,33% 6,50 :10.83 12,77 ¢+ 8,10 110,87
4% 1 12 110,55 5,241 4,47 6,29 110,76 12,20 ¢ 7,48 110,38
4C 1 12 110,00 5,806 4,21 6,24 3110.45 13,11 ¢ 7,07 110,18
47 1 12 110,80: 4,60! 3,96 6,28 110,23 12,74 ¢ 7,37 10,11
48 t 12 110.55: 4,06¢ 3,30t 6,99 10,29 12,12 ¢ 8,29 110,41
49 + 12 11,40: 7,080 5,62 5,59 11,21 5,66 ¢ 7,19 110,74
50 t 12 111,29: 4,00 5,52 7,40 $110,92 11,99 ¢ 8,79 110,78
51 ¢ 12 :111,30¢ 4,00 4,26: 7,86 :11.91 12,26 ¢ 8,56 :10,81
52 1 12 111,35: 5,011 4,421 6,80 110,92 2,77 ¢ 8,00 110,86
53 % 12 11,550 85,52 4,77: 6,185 :110.92 12,86 ¢+ 7,66 110,562
B4 + 12 :11,20: 7,16: 5,08t 5,40 10,48 13,10 ¢+ 7,85 110,956
55 ¢+ 12 111,10: 6,027 4,03: 6,71 110,74 2,29 ¢ 8,01 110,30
56 1 12 111,37 4,18: 3,79:  7.32 11,11 12,60 ¢+ 9,08 111,66
67 12 111,408 B,24: 3,77 W25 11102 12,76 ¢ 8,77 111,52
58 1 12 111,21: 5,93 4,13: 7,12 111,25 12,688 ¢ 3,86 111,23
£9 & 12 111,05: 5,63% 3,803 7,42 111,22 12,76 ¢ 8,36 111,10
6O ¢ 12 110,74 4,631 4,108 7,70 :11.80 :2.B1 : 8,36 110,86
61 : 12 :110,70: 7.91: 5,73 5,10 110,83 13,81 ¢ 6,92 110.73
62 ¢ 12 111,158: 5,03: 4.28: 6,72 111,00 12,71 ¢ 8,32 111,03
B3 ¢ 12 111,77 5,281 4,40 7,35 111,76 12,66 ¢ 8,89 111,56

* M1, of N/10 HCL aquivalent to nitrogoen of 0.5 g, of cheese
%% Mg, per g. of cheese
+ Raw mllk oheess
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