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INTRODUCTION

Pasteurization of milk for Cheddor cheese making is probably the most
important contribution to the cheose industry that has beon made in recent
years. From a public health stendpoint the pasteurization of oll mill for
choose making ls of great significance since it minimizes the possibility
of spreading infestlous disecses through cheoses Pastourization of milk
for cheose making also aids in conbrolling undesirable Termentations due to
organisms present in the ruw milk and produces e more uniform products
From an econcmic stendpoint, howevor, pasteurigzation adds to the cost of
producing cheese: first, beonuso of extra labor and equipmont; end sccend,
beeause it prolongs the ripening process. The oxtra cost involved in tho
manufacture of cheese from pesteurlzed milk is generally returned to the
manufeoturers in the form of more uniform quality, greater yileld, end lesc
loss in storages. In the posteurization of milk several chenges occur
whioh not only prevent the typical choese flavor from developing, but also
motorially inorense the time nesessary for proper ripening. ihother thege
ohanges are due to the destruction of the naturel bacterial flora of the
milk or to the partlael destruction of enzymes, or perbeps both, is not
known, If the Inorsase in time required for the ripening of the cheecse is
due to the destruction of the natural baoterinl flora of the milk by pes-
teurigation, the addition of pure cultures of the essential bacteria should

overcome this difficulty.



OBJECT

The primny object of the work sarried out we to study the offoct of
cortain bacteria on the nitrogonous decompssition and flavor development in
Cheddar choece made from pasteurized milk. The organisms investigated ine
oluded proteolytic and lipolytic types.

Some atbtontion vas also given to the number of bacteria presont in the
chevse at variouc steges during ripening, the acid number of the fat in the
choeso made wlth the wrious test organisms end the porecntapge of total
florc made up of laobobacilli at warious timos during the making and ripen-

ing of thoe cheoses



GENERAL FROCEDURE

The effects of the culturos of bacteria were studied in six seories of
chesse made from pasteurized milk, Each serics consisted of four lotg of
cheose, mnufactured simulianeously from an original singlo lot of milk.
One portion of the milk was used es a sontrol while each of the three other
portions wan inoculated with o test organism or a mixtbure of test organiems
in addition te the rogular oultures. Bach poriion of milk was manufactured
into two cheeso, ono ten pound longhorn for the chemical and bacteriologie-
oal analyses, and ono five pound young Amorican for dotermining the keeping
qualitye Chemisal ond bacteriologloal analyses were mnde at the following
intervels during tho experimental periods: 3 days, 14 days, 28 days, 56
days, and 112 dayse At the same intervals tho chesso woro scored for fla-

vor, body and texturce.



HIISTORICAL

Part 1. The Influence of Pastourization of Milk on the
Ripening of Chedder Cheese,

Flein and Kirsten (65), in 1898, added oanlcium ohloride and a baskteri=
el starter to pasteurlzed milk and were able to mnle fairly good Limburger
and obhor soft cheesess They used, in sach 100 Xilograms of skim milk, 100
to 125 mle of a solubion containing 40.0 per cent of calcium chloride.

Doan (21), us a result of experiments in the uce of oaleium ohloride
with pasteurized milk for Cheddni oheese maliiy;, stated thot "the coapgulum
was oi o poi’t woak noture and the cheese Lended to he soft and porous.” e
also tried adding starter to the nmilk and ripeninpg it for some timo before
setting and befors adding calcium chloride, but no improvement vas noticed
over the use of calcium chloride alone, Ho surmarised his work in the fol=
lowing statement: “On the whole, the resulis are not very satisfactory,
and we shell requirs more light on the subjeet of making mastourized milk
cheese before wo can rocomnond this method to Camndian cheesemakors,”

Moot of the defects cbserved in cheese factory milk, aoccording to
Sammis and Bruhn (78), are of bacterisl origin. The desirsbility of s~
teurization of nilk for cheese making had often beenv strogseds They steted
that the gquality and behavior of msteurized milk curd suggosted that it
lacked the acid which was normally produced in raw millk ourd by the actlon
of baoteria on milk sugar and aleso thot heoted milk coapulated poorly with
ronnet and did not expel molsture like raw milk curde The difficulty of

ocoagulation wos ovorcome by the addition of calcium ohloride solubion to



the milk ond both difficulties were overcoms by the addition of an acid,
proferably hydrochloric acid; 956 per ocent of the hyiroohloric ncid passed
out in the vhey. Heating the milk to 160° %o 1650' Pe flash was found
sufficiont to ohock effectively the bneterial aotion in milk for cheose
making purposecs Baatorial ocounts showed that ovor 99 per cent of the to-
tol bacteoria in the milk were destroyed at this tempersture. The use of
highex temperatures was showm to be objoctionable on account of the effect
upon the flavor, body end texture of the cheese,.

Stevonson (83) concluded that a msteurization temperature of 160° to
165° F, pave the best results, DBelow this temperature the bactorial effi-
cienoy dosreased, and abovo this temporature the ocnsein content o the
milk wos Injured enou;;:h to cause n deerease in yield of cheeses He also
found that good quality mille wos just es essential in the mamufacture of
cheese from postourized milk as from raw milk, since only good milk will
mlke the highost grade of cheese.

Tn studying the effect of pasteurization of milk for Cheddar cheoeseo
melking, Murray (63) found that pesteurization caused milk to become more
favorable to the atbaek of gas forming bacteria, To counteract this unde-
sirable feature, recautlons woere taken to eliminate recontamination as
for as possibloe.

Atkinson (3, 4), in 1924, confirmed the work of Murray. Marquardt and
Hucker (69) found that oheese made from milk pesteurized at 142° to 1450 F,
for 30 mlnukes soored on an avoerage 2.1 points sbove cheese mnde from
similer raw milk, Pasteurization at this temperature did not affect the
body and ‘texture of the cheese or impart a pronounced cooked flavor if an

sotive clean starter wns used.
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Price (68), in studios on the effect of wurious pasteurization tem-
poratures on milk for Cheddar cheese, come to the conclusion that 1450 F,
for 30 minutes produced better quality cheese thon did any other method of
pasteurization,

Prico and Prickett (69) found that nilk peotourized at 150° to 154° F,,
or at 160° to 165° ¥, flasgh, or at 145° P, for 30 minutoes, produced highor
quality ohoese than identioal millk not pasteurized. The flash mothods of
panteurizeation wore not as effective ne tho holding mothod,

Lane and Hammer (57) investigeted tho influcnce of wmastourizetion of
mill: on the nitrogonous decomposition in Cheddar chosac., They shtudind
throe serles of cheese, each series conglcehing of threc chocse, oo nle
from pooteurized milk, one nmade from raw milk, and one :wde from 90 por
cent tasbteurized and 10 por cent rew milk, Chenges in the nitrogon dictrie-
bution in the cheese wore determined by chomical annlyses of cheose serum
at intervals during ripening. They found that during the early stepes of
riponing there was very 1little wmriation in the amoumits of tho verious frac~
tions In the sorums of the raw cnd pasteurized nilk cheeses Aftor longer
periods of ripening the awmounts of the warious :iitrof;en frootions were def-
initely larger in the serum of the raw milk cheose than in tho corum of
the pesteurized milk cheose, vhioh indicated thal more rapid deconposition
took place in the cheese mode from raw millk, The oheose mde from 20 per
oont masgtourlsed and 10 per ceont row mllk wor usunlly 3Intermedinie betisen
the chnose mnde from pasteurized and yaw milk, as indiecated by ths warious
nitrogen fraotionss They also found that choose made from row nilk regu-
larly scored higher on flavor after two montha of rivening than did cheose

made from pesteurized milke The cheese mnde from pastourized milk wac gen-
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ernlly characterized by a lack of flavor while the cheeso made from the
nixed milk developed & flavor quite simller to that of the raw milk cheesc.

Part 2. The Influonce of Baocteria on the Ripening of
Cheddar Cheese.

The flovor develomment in Cheddor cheese has been the subjoot of much
chomical and baoteriologileal resoarche.

Russell (73), in 1896, mede o study of & pure lactio oculture of bao-
toria in ;:heese making. The eulture he used wms isolnted from o ripening
cheese, whore it mnde up over 99 por ocont of the bacteria in tho cheese.

Ho stated, "This orpaniam is & bacillus of the lactic acid typoe that doos
not form ges or any objeotionable by-products, No inherent virtue is
ola.imed for this cheeso germ as 1t is quite probable that other pure laetile
ferments producing no undesirable by-products would be quite as efficient."

Russell (74) also studied the numbers of bacteria in Choddar choose ab
wrious stages during ripening., These periods included: "(a) a period of
deorcase in the number of bactoria in the green curd, which lests for only
a day or soj (‘b) & period of inercase in numboers, in vhich the bacterie
roach millions por grem; (e¢) a period of final decrease in bacteria, at
first rapid but later more gradual untill the germ content sinks to insigni-
ficant proportions when a point is reached where relativoly few living bac-
"~ terie remain.” This investigator also stated, "The baoterial {lora of

cheese differ markedly from thet of milke In milk Streptococcus lactis

predominates, but accompanying them are always ligquefying and poptonizing
organisms. In the rilpening of cheese tho peptonizing or easein digesting
bacteria are guickly elimimated, while the gas producing bacteria disappear
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more slowly. The generally acce;pted theory that the peptonizing or diw
gosting bacterin arc able to break down tho casoin in the cheooso as they
do in the milk ig improbable because this type of bacteria fuils to ine-
crense in the cheose and usually disappears before there is any evidonce
of physical change in the conditions of the casein. The sme is truc whore
cheesc 1s made from pasteurized milk Yo which starters of tho peptonizing
orgenisme have beon added.”

Vielgman (94) concluded from his work that lmotic acid bacteria play an
importont part in cheesv ripening, not in actually taking part in the rip-
ening, but by direoting the process in the right diroction. This function
oconsisted in eliminating certain forms of bacteria and fungl by moanc of
the formation of laotic ecid, and provided an acid medium upon which could
thrive only such baocteria and fungi as could withstand the acid or consume
it. The microorganisms which consumed the acid and preventod its cccumiln.
tion-in too stromg a degree, took part in the peptonizing and flavor pro-
ducing procoes that emabled othor becteris or fungi, whose activities were
wealoned by the acid, to continue thelr work,

The Bacterium cuasel group is actlve in breaking down the onsein of

milk to vhioh caloium oarbomate has been added, ns vas shomm by Orla~Jensen
(61)s He came to the conclusion that the opsein was not poptonized but
wag split directly into monoamino ncids.

In studying the ripening of Cheddar choose, Campbell (16) came to the
following oonmolusions: (a) that the principle underlying the pure oulture
system wns soundjy (b) that though there were e number of different bacto-
rie which produced lnctic acid vhen grown in milk, one form wus alweys

found predomimsting in ripe millk, sour whoy, and good chocse; (c) tha® for
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the mamfaoture of Cheddar ocheese this organimsm, and this one only, was
required for the fermentetion of both milk and curd, end also for the
ripening processy (d) thet the bacterium in the pure oulture used in the
investigetion appeared to be 1dénti’ca1 with the bmoterium that predomi-
nated in sour milk, sour whey, and good cheese, and all its character=
istics apgreed with the organism of Lefchmann but it was not Bacillus

Von Freudenrich (31) showed that prmotically only lactic acid pro-
ducing organisme were found in ripening cheese, and that other bacteria
cocurred in numbers too small to mention, He stated it had been shown
that these lactic acid bacterias were able to decompose and dissolve the
casein, vwhich proved that the lactic noid bacteria were the cause of the
ripening of hard cheese.

Bajer (7) concluded thet certain relative proportions of the differ-
ent kinds of btacteris wers essential for the proper ripening of cheese
and that the ripening procese of a given type of chesse 'ms not due to a
single species of organism or to aﬁ accidental oondition of affairs.

In comparing the baoterilal content of different cheese, Harrison and
Comnell (44) found that there was & gradual deorease in mumbers of bace
toria after the cheese was 4 to 5 days olde They came to the conolusion
that the high bacterial content wans the ohief factor in determining the
‘flavor of cheese properly made from normal milk,

The funstion of the lactic acid bacteria in the manufacture and in
the early stages of ripening of Chedder cheese wmg studied by Harding
(41). He stated "that when oonsidoring the flora of oheess, intercst is

commonly so centered upon the atriking increase in the lactic acid types
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that the presence of the other organisms 1s usually overlooked. While the
number of liguefiers raroly amounts to more than one per cent of the total
during the early history of Cheddar cheeae, even under thess circumstances
thelr nunber is considerable. Iurthermore, it ie not unreasonable to sup-
pose that an ensgyme formed by this class of orpgeniems will continue to aot
in the cheese even after the disappearance of the living cells.”

The only group of bacteria constantly found in large numbers in Ched-

dar cheese, by Harding and Prucha (42), was the Baoterium lsotis acidi

groupe They noted that the soid forming, liquefying organisms wore present
in cheese at all timee but in numbors sc small that it was sugrested the
group exerted little influence upon the ripening clanges. The rate of the
ripening process seemed to be independent of the number of germs present,
except that in certain chesse a flora closely confined to acid producing
forms vme sssovciated with a slower rate of ripening,

Hastings, Dvans, and Hart (45), in their research on the ripening of
Cheddar cheese, arrived at the following conclusioms: (a) that if heavy
inoculations of lactic bacilli were made into milk which contained a small

nunber of Baclerium laotis acidi, the normal ecologionl balance would be

destroyed and the result would be an abnormel cheeses (b) that if e oul-
ture of lactic bacilll was added to pasteurired milk instead of Bacterium
lactis =0idi, the ripening of the cheese would not be normsl, and the re=-
sult would be an increased fa’ce of ripening with the production of an abw
normal flavor in the oheese. They further stated that their work also

indioates 1t is often useless to attempt to establish the rols of any or=
ganism in cheese ripening by the addi‘bion‘ of cultures to tls milk %o be

used, gince tlereby the natural equilibrium is destroyed end the results
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obtoined indlieate that the addibtiom has injured the produet; the conclu-
slon is drawn that the organism added is not only unessential but is oven
harnful, although the organism may be an essential factor in the deoonme
position changes when developing in its natural sequence,

The influence of Bacterium casel in startors for pastourized milk

cheese vms stulled by Bvans, Hastings, and Hart (26). In a soriss of

cheoas diffeorent warioties of Bacteriunm oasei were added together with

Baoteriun laotic acidi. “hon weriety "a" wms added there was o tendenoy

for the cheose to become "acid injureds" The use of variety "b" was oven
more likely to bring about this comdition. Thon wwristy "o" wmc ucod the
sheese s almost certain to be ruined by the acid before it wme o month
olde They concluded that varioty "a" and wnriety "b" wore about equelly
dictributed in normal Cheddar choose where thoy usunlly ceourred togother
and performed an active part in the ripening change. The introduction of
this group as & starter, however, resulted in eabnormally lerge numbers of

Bectorium oasel in the early ripening period, which were found to be debri-

mental to the cheeses The same investigotors also isolated micrococci and
liquefying bacteria from Cheddar checse, ‘ihen grown in milk the warleties

of Bacterium casei, ncocording to Hart, Hastings, Flint, arxd Evans (43),

produced large quantities of the volatile acids, particularly ncetic necid,
Evans (25) mde o comparative study of the bacterial flora of raw milk

choese and pesteurized milk ohees.o to determine the origin of the charac-

teristle Cheddar cheeso flavors The effeetive flora of raw milk chuese

oomprised the following four groups: (a) Bacterium leotis acidis (b) Baoc-

terium casoiz (¢) streptococei; and (d) microcosci. She eame to the

conclusion that good flavor doos not depend upon the large yredominance
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of any one of these four groups, and that by preparing starters containing
the four groups of beoteris the charscterisitic Cheddar flavor could be
produced in posteurized milk cheese, ’s ocommonly m'ade (with o pure cule
bure sharter) from pasteurigzed milk, however, cheaso does not coninin +he
four groups nsmed ehove and lacks the characteristic Cheddar llavor.

In discusging the relationship of bacteria to the quality of Cheddar
cheece, Murray (63) stated that the bacterial flora of the vaw milk was
the moat important faotor in the produstlion of pood cheose, and that the
characteriatic aroms of choice Cheddar oheose wasg almost exclusively e
feature resulting from interplay of baeterinl activities,

Evang, Hastings,'and Fart (26) wore unable +o cbtain the sharscterig-
tic Cheddsr flavor in pasteurized milk cheese when gtarters compozcd of

the Ancteriim lactie acldl groups were uged, but whem culbures of certain

sbreptococcl isoleted frow raw milk cheese were added in sddition Lo

stertera containing Bactorlum lactis acldi the flavor was materially im-

rrovedas
Evans (27) isoleted two obralns of streptocoscl from Cheddar chesce,

Streptococous X and Streptocoseus kofire. The most proncunced bicchemical

charscteristic vhioh distinguishod Strepbococcus lactis from Strepto-

cocous X and Streptoococcus kefir was tho aemall quantity of acetlc acid

which was produced In milk cultures. ¥hen the tws latber organiams were
inoculeted into peteurized milk Lo Lo made into cheese an improvement
in flevor wee noted and the protoin brealdown ves hastoneds

In gbudying the types of bacteria prosent in commercial Chedder
cheese, Tucker (48) found that ‘he botber grades of chosss contained a

distinetly differsnt flovn then the poorer gradeos. In the better tyres,
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Streoptococcus lactis and lactobacilli predomimsted, while in the poorer

grades the spore forming and grom mogative rods were presont in tho largest
numbers. The presence of a large mumber of spore forming and gram nogative
rods in the pooror cheese ludicated that these types were undosirable for
tho production of o higher grade of Cheddar cheese, Tho cocei ond the

streptococci other thon Streptococcus lactis waried little in numbors in

the different qualities of cheese.

In 1526, Huckor and Marguardt (49) studiod the effect of severnl types
of streptococel upon the flavor of the cheese when added o pasteurized
milk, elther in conjunction with & commercial startor or alone. They con=

cluded that Streptoceccus parocibrovorus improved the flaver of the checse,

while Streptoceccus eitrovorus had no effoct upon the flavor. Strepto-

cocous leotis was found to glive ac favorable reosulis ns comercinl starter,

wherees certein strains of proteolytic cocoi, when used s o oulture, pro-
duoed o charmoteristic bitter flavor in the cheeso.
Resoarch by Hansen, Bendixon, and Theophilus (40) indicated thet

cheonse mede with Streptoscceus citrovorus or Strepbococcus paracitrovorus

alone as starters produced & bitter flavor and had a wosk body while cheese

mde with Streptococcus lactis as o starter did nobt dewvelop o typical Chode

dar flovor bub had a good body and texture,

Vhitehead (97) stated that representative strains of organiems of the
oolon group, if cdded ¥o the millk immedintely bofore the start of tho pro=
cess of cheese manufacture, hud a deleberious influence on the flavor of
Cheddar chegse, even when the inoculatlon was too small to nroduce gas holes
in the checese.

Hoglund, Barthel, snd Sandberg (36) found thet the rapidity of the
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ripening of hard cheose was direstly dependent on the numbor of lactic noid
bacteris in the cheese milk at the time of adding remmet., Thoy claimed
this fact supported the theory that the lactis ncid strepbtocosoi exercised
a direct, as well as an indireot, influence upon the ripening process. In
2 later report (37) they stated that the ripening was influenced by two fac-
tors, aoldity and broterial sounta.

The iInfluence of cortain lactic acid streptococel on the chemical
changes in Chedday oheese during ripening was studied by Kelly (63). He
found that the proteln in the cheeose made with strains of Streptococsus

laotlis and Streptoooccus oremoris as ocultures, underwent changes similar to

those found in cheese made with commeroial starters. He desclded from this
that aocid produstion wns the lmportant funstion of a starter and that the
starter had little direot action ou the flavor and eroma, Xelly (54) later
oonoluded that aoid produstion was the ohlef function of a cheese gtarter
and that satisfaotory Cheddar cheese oould be made with olther Streptosos-

ous laotis or Streptococsus oremoris.

Barthel and Sadler (10), working with commersial and other startera
in ohalked, sterilized milk over a poriod of two momths, found that they
did not form more soluble nitrogen than did pure cultures of str‘ains of
laoctocosol isolated from such starters. Op the other hand, the former eplit
of{ sonsiderably larger mounta‘ of amino acids than the latter. 7This cire
cumstance must be regerded as still further emphasizing the importence of
laotococol in the oheese ripening, as it was precisely in the form of start-
ors that the laotio aoid bacteria were added to the cheese milk,

Faocebttd (28), in a resumd of the results of experiments in the use of
gseleoted ferments in the cheese making industry, stated that ths pure cul=-



19

tures of lactic ferments (cocei bacilli, according to the type of cheecss),
when added to rew nilk, have glven results which have led to their adoption
in practical cheose faetories. He further stated that the problem con-
fronting the baoteriologlets iz to determine vhich of the typical forms of
loctic formonts at present lnown are to be used, and with what precautions,
Such information is necessary in developing the procoss of manufocturing
cheese from pasteurized milk, which is said Yo be still envoloped in un-~
sortainty.

| Barthel and Haglund (8), in teoting the casein digesting powers of

soveral strains of laoctocooel, one being o strain of Stréptocoeous ore-

moris and the other two being diplocococus strains, came to the conclusion
that pure cultures of lactococel were always inforior to ordimary starters
and that the possibility of shortening the time of cheese ripening by in-
oculation with strong casein digesting strains of lactococel had very smell
chonce of suocess.

Lane (56) oompared the effcet of several organisms on the spoed of
ripening and the flavor of Chedder cheese and found that certain strains of
Laotobaclllus casel, when added to pastourized milk in addition to the |

regular startors, produced & mild buttery flavor and hnstened the ripening.

Aerobnoter oxytooum and Streptococcus liquefaciens, when added to the milk

for chocse making, produced a bitter flavor, but both organisms increased

the rate of ripening., Streptococous paracitrovorus produced a mild flavor

during the early stage of ripening but had no effoct on the hydrolysis of
the proteins. An unidentified Miorcooosus, whem added to the milk for
cheose making, slightly improved the fl;a.vor and somevhnt hastened the ripen-
ing of the cheesec.
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Part 5. The Influence of Basymes on the Ripening of Ched-
dar Cheese,

The importance of enzymes in the ripening of chesse was first investi-
gated by Baboock, Russell, Vivian, and Hastings (5), who studied the
effect of the enzyme galactase on the proteolytic changes in choose. They
stated that while galactase was of animal origin, it was speoifically dif-
ferent from other animal ferments vhen the types of deoomposition produots
formed were considered. Galactase showed a closor relationship to the
baoterial engymes produced by the digective or liquefying organisms than
to any other group. Whon those investigators ocompared the mroducts formed
in normally ripened cheese and in cheese where all faootors othor than the
enzyme galactase were controlled, the decomposition produsts were wvery
similar, They therefore canoluded thet galactase was the causel agont in
the proteolytio ohanges in cheese ripening,

Baboook, Russell, and Vivien (8) stated that remnot exerted o diges-
tive effect on the oasein of cheese due to the presence of o peptic enzyme
oontained in the rennet extraot, the action of which was intensified by
the developmsnt of acid in the curd. The solubls nitrogenous products
formed in Cheddar cheese by remnet wore the albumoses and the higher pep-
tones. They tlwrefore concluded that inersasing the amount of romnot ex~
tract used in oheese making did not inereéass the amount of goluble nitrogen-
ous produsts by whioch wns measursd the progress of cheese ripsning, Later
Ven Slyks and Hart (89) found that an inoroase in the amount of remmet used
in oheese making insreased the zoluble nitrogehous oompounds in the choese.
Barthel, Sandberg, and Baglund (12) were able to demomstrate that reumet

was present in julce obteined from several varieties of well ripened cheese.
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Bosworth (15) stated that the remnin aoction was probably n hydrolytic ocloove
age and my be eomsidered the first step in the proteolysis of onpein.

Van Slyks, Tarding, and Hart (86) studied the effect of emzymes in
ohsose ripsning; and found that if cheese were made from milk o whioh
ohloroform had been cdded the chsese would not ripen normnlly. They noted
that in euch chsese the amounts of albumoges and peptones, when compared to
amides, were relatively large, and conoluded thet both ensymes and bacteria
were necessary in the ripening of cheese., Suzuld, Hastings, and Hart (82)
stated that no enszyme capable of producing ldotic acid or volatile acids
sould he isolnted from ohoess. They camo to the coneclusion that the acid
normally found in oheess was formed by bacteria and not by enzymss.

In studies on o number of cheeses, Barthel and Sandborg (13) found
catnlase wos present In all of them except ono Cheddar cheess. Rogors (72)
also noted the presence of enzymes in partially ripensd cheese, Orla-
Jensem (52) olaimed that in the ripening of cheese the caseinous matter
wag partially peptonized and rendered aolubia by means of the enzyme cage
ease, vhich ls vory similor Yo trypsin, and thet the mioroorganisms typi-
oel qf choese "fermentation" wore more indirect than direot in their
action,

Vari Slykm and Hart (87) stated thut the ripeming process in normal
Cheddar cheese, by whioh the insoluble nitrogen compounds change into sol~
uble forms, did not begin with paracasein but with umsaturated parasasein
lactate, They found that the water solubls nitrogen in ‘ohoeae genorally
ineronsed ag the unsaturated parscasein deoreased., Van Slyke and Hart (88),
in studying the individual proteolytic eompounds formed in cheese, obtained
large amounts of peramuclein from young chesess, small amounts of histidine,
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lysine, and putresine from middle-apged cheess, and putresine from old
choese. They concluded that these compounds were important in the formae
tion of flavor in Cheddar checse. Later Van Slyke and Hart (89) studied
the factors affeoting ohemiocal changes in chesse ripening. They carmwo to
the conclusion that the esccumilation of soluble nitrogen eompounds in
cheose appeared to diminish the action of the agents causing the changes so
that chesse ripened less rapidly after the first period. They also found
that the soluble nitrogen compounds in choose increased quite closely in
propertion to increese in temporature.

Virtanen (84) stated timt the astion of Bacterium casel was important

in the mellowing of cheose, thot the aotion took place in soveranl phages,
and thot the protoolytic enzyme system of the baoterium consisted of three
differcnt proteolytio enzymes: (a) proteinase which decomposed the casein
to o polypeptid stagos (b) polypeptidase which decomposed the polypeptids
to single peptids, or, in spooinl cases, to amino acids; (¢} dipeptidese

which was capable of decomposing dipeptids conteining free amino or car-

-boxyl groups. The decomposition of cmsein by the aotlon of lactic acid

bacteria thus took place by degrecs and not without any transition dircot-
ly to omino acids.

Prico (68), working on the assumption that same inheront enzyme in
milk was destroyed by mateurlzation, edded small amounts of well ripened

cheose to pasteurized milk for cheose making., He found that the milk in-

oculated with eheese produced cheese Maving a very undesirable flavors

Davis (19) studied the oxidation-reduction potentisls of ripening
Choddar cheose. Ie ocome to the conclusion that oheese are not homogenous

throughout "their miss,” and that the zones of more highly oxidized condi-
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tione exist mear the surface. Davies, Davis, Dearden, and Mattick (20)

consluded that waristions in the amounts of pepsin and remnin hod no ef-
fect on fluvorq body, texture, or ripening of cheose, and that the addie
tion of lacotobacilli with the starter appeared to accolerate the protein

dogradation in the early stages of ripening,

Part 4. Methods of Obtaining the Soluble Hitrogen Com-
pounde of Cheese,

Tho soluble nitrogen oontent of cheoce has beeon used as a measure in
detormining the degres of ripencss. Van Slylw and Hart (88), in their
early work, obtained the soluble nitrogen from chesse by the vnter oxtrac-
tion mothod. This method consisbed of shaking o sampleo of checse in warm
water, filtoring tho mixture and then analyzing the filtrate for products
of protoin hydrolysiss Allen (1) claimed that rosults cbtained by the
water extraction method were unroeliasble as an index of the extent of pro=
tein dooomposition. He stated that the percentage of nitrogen soluble in
80 por cent elcohol end the aloohol formol titration of a suspension of
the fat free cheese, or of the agueous or alsohol filtrate from such a sus~
ponsion, may be taken ag & more rolisble index.

Sandborg, Haglund, and Barthel (75) stoted that 4t is evident the ex=
trootion of a mass of cheese with water alters the physical-chamical
equilibrium of' the cheese. In sevorel cheeses during ripening they ob=
gserved proteln substances having charscteristics of globulins, which vere
in solution in the juioe_ of cheese, but which werse precipitoted on ex-
traction of the cheose with waters Van Dem (86) pointed out that cince no

standard method for determining chemicel chenges in cheese hnd baen
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adopted, there had been o groat desl of warintion in the procodures used
by the warious investigators. He showed that the temperaturo of the vmter
enployed, the amount of shaking, ond the length of timo allowed for the
choogo Yo stand in contaot with the water had considerable effeot upon the
amount of soluble nitrogen obtained in the extract.

S8rensen (81) proposed a method for the quantitative determination of
the rate of proteolytic decomposition. It wns based upon the as;smnp‘tion
that proteolysis ocourred as a lhydrolybic cleevage with the formation of
carboxyl and amino groups. The addition of formaldehyde, whioh with the
amino group formed a mothylens combination, allowed the determination of
the carboxyl groups presont at eny stage in the proteolysis. Tho increase
in the numbor of carboxyl groups could be determined by titration with an
allnll from whioch, under the assumpbion that for each carboxyl o corre~
sponding amino pgroup is formed, could be caloulated tho nitrogen split off
in the hydrolysise

Gratz (33) camo to the comolusion that the formol titration method
was eatisfactory for studying the proteolytic changes taking nlace in
cheevoe, Tho results obtained by this procedure compared well with the
figures obtained for the monocamino acids by precipitation with phospho-
tungstiec ncid.

Sandberg, Haglund, and Barthel (78) concluded that a determimation of
the degree of hydrolysis in cheese would be more sxact if one worked diw
rootly with the Julce extracted from the choese rather thon with a water
extract of the chesse, Thoy found tlnt by submitting e mixbure of ground
checse and fino sand to & relatively high pressure a cheese julce wns ob-

teined whioh, upon standing o time, soparated lnbo distinot layers of fat,
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undissolved casoin and ohecse serums This serum could then be esnalyzed di-

reotly for the warlous forms of soluble nitrogon.

Part 5, Precipitation of Protein and Protein Decomposi=
tion Products.

4 large number of chemicals hac boen used by verious investigators to
soparate the nitrogon containing eompounds of different materials into
vorioue fractionses Such a separatlion hns been used in studies on the de-
composition produstes of milk, blood, water exﬁmc*b of cheese and Jjulce
pressed from chosge.

Ritthousen (71) used oupric hydroxide to precipitate tho proteins from

" milk before determining the carbohydrnte content, Sebelien (79), in o

gimiler study, used tamis scid as & preeoipitating egent. TRiddeal and
Stewmrt (70) stated that the use of tannic aeid for the precipitation of
proteins gave unsatlisfactory results and that they preforred the use of
chlorine hocause it wns simpler and gave results that were easy to dupli-
cate. Allon and Searle (2) found bromine to be a more efficicnt precipita-
ting agent then tarmio acid, Simon (80) noted that a high concentration
of triochloracetic avcid is necessary for the complete precipitation of milk
proteins,.

Van Slyke and Hart (88) studied the water soluble nitrogen content of
Cheddar cheese and used phosphotungstic acid and sulphuric acid, tannin
plus sodium chloride, and bromine plus hydrochlorie acid to separate the
various protoolytic compounds found in cheese. In studying the group
charcetoeristics of the different amino aci(is, Van Slyke (91) found that

phosphotungstic acid semrated the amino aclds into two fractions, the
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basos (histidine, lysine, arginine, and cyatine) boing procipitated while
the othors romoined in solution.

Welker and Marsh (96) used aluminum hydroxide ns the precipitating
agont for tho dei;ozminé'bion of lactose in milk, Palmer and Scott (65)
employed tannie acid in their studies on proteins in milk. Noir (60) oame
to the oonelusion that trichoracotic ecid romoved the proteins from milk
moro oomplotel& than tannie acid or othyl alcohol,

Dennis and Hinot (23), in studying the non=-protein nitrogen comtont
of milk, used copror sulphnte and copper acetate for removing all the pro-
tolns. Allen (1), working with wmter extroot of cheése, employod ethyl
aleohol to prooipltate all the proteins except the amino acide, Senders
(77) employed trichloracetic acid ns & protein preoipitant in nillk in the
proparablion of rotein free filtrates for the determination of magnesium,
czalciun, and acid aoiuble phosphoruse Kelly (53) used tho sems reagent for
précipitating proteing from water extract of cheese.

Eagles and Sadler (24), in studying the nitrogen distribution in
King ston oheese, used trichloracetic acid, phosphobungstio acid, ond tan-
nic acid to preecipitate the protein and protein descomposition products in
water oxtract of cheose. Lane smd Hammer (57) employed trichlorscetio
acid, 95 per cent ethyl aloohol, phosphotungstle acid and tungstic acid
for the preoipitation of proteins and protein decomposition products from
Cheddar cheese juicoe

¥eny othor inveatipators lawe used various procipitating agents to
procipitate proteins in blood, Folin and Va (30) vsed sodium tungstate.
Folin (29) and also Greenwald (35) omployed pioric acid while Bock (14)

used ethyl aloohol, trichloracetic acid, and colloidel iron. Ven Slyke
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and Moyer (93) used 95 per cent ethyl aloohol to prosipitate proteins in
blood so that the determination of the non=protein nitrogen would be
foollitateds Domognllae, Juday, and Potersom (22), in studying the forms
of nitrogen in certain lake wators, employed phosphotungstic aocild, mer-
ouric chloride, tannio acid, lead subacotote, sodium tungstate, potassium
morcurlc lodide, and triohloracetic aoid,

Tastoneys and Borsook (96) successfully precipitated proteins ond
metaproteins with triohloracetic acld, Thoy algo used tennic acid to sep-
arato peptomes from en enzgymtic hydrolysate of proteins., Hiller and Van
Slyke (46), using = number of precipitants, camo to the conelusion that
picric acid and tungstic acld wore the most completo precipitants for
protein intermedlate products with the oxceoption of amino acids. Thoy
found that ethyl aloohol precipitated the same substances as tungstic acid
and picric aoid, but the precipitation wms not os completc, Wolf (98),
uging both etlhyl aloohol and methyl nlocohol for the precipilation of pro-
teins in blood, found that ethyl alcohol p:;'eoipitu'bed glightly more proe
toin material than did methyl aloohol.
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HETHOD

MHanafaoturing, Ripening, and Scoring of Checse.

(n) Source snd treatment of milk,

The milk used for making the experimental cheese came from the Iowm
State College herds. It contalned about 3.0 por cent fab and about 8.6 poi'
sent solidg-not~fots The bacterial content of the milk woried somewhat dbut
was never less than 20,000 bacteria por ml, and exceeded 100,000 per ml.
only once. ‘hen the methylene blue reduction tost was used, reduction re-
quired from 7 to 9 hours and, if tho samples wore hold &bt 370 C. (990 F.)

for 24 hours, o considerable portlon of the milk solids was proteolyzode.

(b) Manufecture end ripening of cheese.

Approximately 600 pounds of mllk were used for sach sorieos of choese.
The milk was honted in e horizontal coil pratourizer to 62.8° G, (1450 F.)
and hold for 30 minutes, cooled to 4,49 C, (40° F,), put into 10 gallon
milk cens (each can conteining 76 pounds of milk), and pleoed in cold stor-
ago ot 10 C, (340 F.) until the following morninge The milk was then
divided equally betwoen four small chesse wats so that each contuined 150
pounds of milke Tho milk in each vat was warmed to 2242° C, (720 F.) and

2,0 por cont of = butter culture (122) and 0.5 per cont of a pure culbure

of lactobacillus casei (I4) in milk were added. The bubber culture used wus

the typo that produced considerable flavor and aroma and usuelly contained
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from 0.8 to 0485 per cent ncid, onloulated as lactic aeid, In addition to

the butter culture and the pure culture of lactobacillus oasel each of throe
of tho wats was moéule.tod with a milk sulture of a test organism. After
the addition of the eulbures, the tempersture of the milk was raised to
30.0° C, (869 F,) end, vhon the desired aoidity Ind developed (usually about
0.19 to 0.21 per cont), commersial vegeteble cheese color was added at the
rate of 20 mle por 1000 pounds of milk and sommerclal remmet at the rate of
100 ml, per 1000 pounds of milks The same lots of color and rennet were
used in s8ll the trisls. Coaguletion of the milk usually began 8 to 10 min-
utos after the addit'ion of the remmet and was complete in 30 minutes,

The curd wans cut with threc-sixtoenth inch curd lmives and allowed to
stand 8 to 10 minutes, after vhich 1t was glowly heated to 40.0° C.
(104° 7,) and held at thet temperature until the curd wns f£irm and the
acidity of the whey had reachod about 0,1C to 0,18 per cent, Tho heating
of the curd from 30.0° C. (86° F.) to 40,0° C. (104° ¥.) was completed in
60 to 90 minutes, depending on the acidity of the vhey after cubting the
curd, %hen the curd resched the proper degree of firmmess, the whey was
drained and the curd allowed to mate. The ourd wos in'xrned froquently dur-
ing the matting process, snd whon the acldity of the whey draining from the
ocurd renched 0445 t0 Ou6 per cent the ourd was milled. The ocurd vms forked
froquently during the 30 minute interwml between milling and salting. Salt
was added at the rate of 245 pounds per 100 pounds of ourd. Whon the salt
was complotely dissolved, whish usually required from 30 to 40 minutes, the
ourd from each of the four wats was made into two oheese, one longhorn and
one young American. The cheese were placed in the cheese press for one

hour after which they were removed, dressed, and then replaced in the press
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for 16 hours, After romoval from the pross the checse were marked with
sorinl numbers and the date of manufacture and placed at 13.5° C. (67° F.)
for 48 hours, after whioch they were paraffinod and placod in the curing

room ot 13,5° C, (66° F.) for riponing.

{e) Preparation of cultures.

The butber culture was propared in pasteuriszed milk using on inocubn-
tion of ebout 16 hours at 21.1° Co (70° T.).

Cultureos of the test organiems and of Laotobnolllus casel wero pro=

pared in flesks of sterile milk by incoulating the milk with pure cultures
of the rospective organisns. The following inoubation conditions were used
in prepaoring the oculburos:

Loctobnoillus casel (14) B70 C, (9846° Fo) 3 days

ldorcaccous (unidentified) . 219 ¢, (700 ) 7 days
Streptococcus liquefaciens 210 ¢, (70° F.) 4 fays

Aloaligenos viscosus (non=ropy strain) 21° ¢, (70° F,) 4 days

Achromobacter. 1ipolytioum ' 21° ¢, (70° F,) 4 days
Pgoudomones fluoresoens 21 ¢, (70° F.) 4 days
Pgseudomonas fragl 21° ¢, (70° 1) 4 days

Lipolytic ncid forming organism (No.,12) 21°¢, (70°7R,) 4 days

Lipolytio inert orgomism (No,18) 219 ¢,  (70° F.) 4 days

The tost cultures were examined mlorosocopieally, both before their ine
ooulation into the sterile milk an..d before being added to the millk in the
choese vats, in order to bhe certain that there was an sbundance of orgonisms
prosent. A1l of the organisms used were isoleted from dailry products at the

Dairy Industry Department of Iowa State College.
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() Examinetion and sooring of chosse,

The oheese were soored at inbervals of 3, 14, 28, 56, and 112 days dur
ing the ripening period Vy Professor Be Ps Goss of the Dairy Industry Do-
partmont of Iowvm State College. The standard cheose score card, allowing 45
points for flavor, was useds Chemical and bacteriologicsl annlyses were
also made on the choose at the came intorvals. ESince most of the cheese
made in the United States is consumed before it roaches an age of 112 days,

no attompt waes made to continue the analyses beyond this period.

Hethods for the Sbtudy of the Nitrogen Distribution in Checse by
Chomiocal Analysos of Cheese Sorume.

(a) Mothods of obtaining the cheese sorum.

The method used in obtaining tho oheese serum vms that doveloped by
Barthel, Sandberg, and Haglund (1l1). In brio?, the method comsisted of
submitting finely shredded cheese mixed with finoe sea sand to a relatively
high pressure in a hydraulic laboratory press. f%he prass used for obtoine
ing the serum wes manufactured by Fred L, Carver, mechonisal engincer,

547 Hudson Street, New York City. The press wns adjusted go thet any pros-
sure could be oblained up to 26,000 pounds per square inch.

Lane and Hemmer (67) found that when the ohoose was prepared by shred-
ding with a fine vegetable grater it wns muoh easlier to get a satisfmotory
nixture of the cheess nnd sand than when the cheese was ground because the
ground cheese had a tendenoy to stick together, malking it very diffiocult to
got o uniform mixture of the oheese and sond., These investigators also

found that the type of cloth used 4o line the mebal sylinder was very im-
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portante They used muslin, oanvas, and linen., The muslin allowed some
of tho choene sollds and sund to oscape with the serum and the canvas ab=
sorbed too much of the serume. A sbrong, closely woven linen proved to be
the most suoceasfui of The mutorials tried for Yining the cylinders 4
felt pad was pluced in the bottom of the cylindor and another on top of
thie che¢eo and sand mixture before it was placed in the press for removal
of the serum. |

Lane (66), in un abtempt to Improve the procedure used in seouring
tho cheose serum, found that if tho cheess semplec vmre left et room teme
porature several hours bofore shredding, the cheese sorum wus more cusily
obbainoed, If the ohoese wac too <'301d there was & tendenoy for a part of
1t to poos through thoe linen oloth vhen ‘he pressure was applied.

To obtein sufficiont choese serum from e sample of cheese for all
the analyses, 400 grams of fine_‘l,v shredded cheese were mixed with 800 grams
of fine, ¢lean, sea sard and put into the eylinder ready for romoval of
the choese sorum. The pressure wes then applied slowly by the aid of the
punp hoandle. As the prcssux"e was gradually increased, the cheose serum
wes forced out of the cylinder through snﬁa.ll holes located in grooves on
the outside of it z2nd allowed to run dvown to the base plate from ﬁhioh it
dreined into a beaker. The prossure necessary to obteln the serum wvaried

somowhat according to the age of the cheese., With frosh cheeose and with
old well ripened cheese, less pressure me; nocessary than with partislly
ripened cheeses Tho serum started flowing when about 3000 pounds per

square inéh were a.pplied. The pressure wes then gradusliy insrecsed un=
til the dosired amount of serum had been obtained. Raz;ely was 1t neces=

sary to apply moro than 12,000 to 15,000 pounds per square inch, although
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when tho cheese wns from 4 to 8 weoks of age as high ae 20,000 pounds per
square inch were used ocoasionnlly. It usually required cbout one hour to
obtein 20 ml, of cheese serum, tho amount necossary for the chemical
analy‘ses{ The fat came first when the pressure was applied, followed by
o mixture of fat, cheose serum and some cheese solids. The mixture of
fat, sr.arum and cheecso solids was placed in a 200 ml, separntory fumnnel and
held in en incubator at 37° C, (99° F.) for about one hour to facilitate
the seperation of the warious fraoctions. The fat formed a layer at the
top, the sorum formed the bottom layer, and the cheose solids formed o
layer bet{‘geen the two. The serum was then dravm off, filtored through a
repeir, which was placed in o long stermed, glass funnel, and collected in
a large tect tube. The test tube was corked tightly, bubt the cork con-
tainod & hole large enough to permit the fumnel stem to pass through.

This precaution was talen to provent evaporation of the sorum dnring £ile
tering. The test tube containing the cheess sorum wms held at about

1.7° Co (35° F.) unbtil the analyses of the sorum.oould be started. The
fot forming the top layer in the semratory funnel was removed, filtered
through paper st 370 F. (99° F.) and used for determining the scid value
of the fot. The heavy precipi‘baté. consisbing of protein material, wms
discarded after the filtration of the serum and fat., The checse serum,

in its final form as used for the chemioal anclyses, was sn amber colored,

transparent fluid, very salty "bo the taste.

(b) Chemical enalyses of cheose serum.

Quantitative determinations were mnde of the total nitrogen, the

amino nitrogen, and the various fractions of protein and protein decom-
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position products which were soluble or insoluble im triehloracetic acid,
othyl aloohol, or phosphotungstic acid. The procedures used weroc as fol-
lows:

Total nitrogen. One mle. of sorum was analyzed for totel nitrogen by
the Kjeldahl method,

Amino nitrogene One mle of serum was analyzed by the Van Slyke paso-
metric mothod (91).

Trichloracetic acid soluble end insoluble nitrogen frzotions. One ml,
of serum was treated with 44 ml, of waber and 6§ mls of 20 por cent aqueous
trichloracetic aocld. M‘ter standing 8 to 10 hours, or over night, at 21° C,
('70° F.), the mixture wms filtered through {iltor paper and the precipitete
woshed with a trichlormcotic aocid solution containing 45 mle of wator and
5 ml. of 20 per cent aqueous trichloracetic acides The solution used for
waghing #he preoipifato contained tho same comcontration of reagent as 'i:he.‘b
used in the precipitations The filtrate and precipitate vere then trans-
ferred to Xjeldahl flasks and analyzed separately for nitrogen.

BEthyl alcohol soluble and insoluble nitrogen fraotions. One ml. of
serum was troated with 9 mle of weber ond 85 ml, of 95 per cént ethyl aleo~
hole After standing 8 to 10 hours, or over night, at 21° C, (70° F.), the
“mixbure was filtored through filter mper and the préeipit¢te waghed with
an othyl aloohol solution conbaining 10 ml. of ﬁatar and 85 mle of 95 per
osnt ethyl aloohols The filtrate and precipitate were then tronsforred to
Kjeldahl flasks and ennlyzed separately for nitrogen.

Phosphotungotic aoid soluble and insoluble nitrogen fractions. One ml;
of sorum was troated with 49 ml. of water, 15 ml. of 25 per cent (by volume)

aqueous sulphurle acid, snd 10 ml. of 10 per cent aqueous phosphotungstio
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noid. After standing 8 to 10 hours, or ower night, at 21° ¢, (70°. F.), the
mixbure w.s filtdrad through filter paper snd the prooipitate wnshed with a
phosphotungstio acid solution contalning 50 ml. of wvater, 15 mle of 26 por
cont aquecus sulphuric escid, and 10 mle of 10 por cent agquecus phosphotung-
stio acid, The flltrate end preoipitate were then trancsferred to Kjeldahl

flagks and amelyzod separately for nltrogen.

Acid Value of Fat.

The aeid velue of the fat obtained from the oheese was dotermined as
followss 20 grams of fot wore woighod into a 250 mle flask, 50 ml. of neu-
tral 96 .per cent ethyl aloohol added, the mixture brought up Lo 2 boll and
then titrated while hot with N/lo sodlum hydroxzide, using phenolphthalein as

the indiocatore.

Bacteriological Analyses of the Cheese,

Bacterial counts were mde on all the experimental cheose ot 3, 14, 28,
56, and 112 days of age in order to study the total numbers of bacteris, as
well as the numbers of proteolytic and lipolytioc organiems present at the

verlous stages of ripening.

(e) Total bactoria.

The method used in determining the total beoteris wus ag follows: A
small portion of cheesé was talken from several sections of the cheese with a
sterile lnife end 1 gram weighed out on e piece of sterile parchnent paper.

This wns put into o sterile mortar with § to € ml, of a sodiun oitrate solu-



tion and thoroughly mized with a pestle until all the cheese was dissolved
or in fino susponsion., The mixture wes then poured into a sterile toct
tube and the morter rinsed with 5 to 4 mla. of soﬁium citrate solution. The
godium oitrate solution wos made up as follows: 2 grams of sodium citrate
were added to 90 ml, of distilled water; afber dissolving the sodium cit=-
rate, the solution wrg mensurod into tost tubes (each tube contzining 9 ml.),
and the tubes were stoppered with cotton, sterilized, cooled, and put into
o refrigerator until used.

The semple of choese that had been treoated with sodium citrete molution
was diluted in sterile wmbter blanks and plated in dilutions of 1 - 1,000,000,
1 - 10,000,000, 1 = 50,000,000, and 1 = 100,000,C00, using both beel infu=
sion agar and tomato juice egar. The plates were imcubated for 4 to 5 days

at 210 Co (70° F.) for totel baoterisnl counts.

(b) Proteolytic baoteoriae

The sample of cheese was also plated on a spocial medium in order to
dotermine the number of proteolytic bacteria presont; dilutions of 1 = 100,
1 ~ 1000, and 1 = 10,000 vore used, To each petri dish was ndded } ml, of
sberile milk and 1 ml, of cheece dilution; these were mixed and 10 mle of
beof infusion apgar addeds The platos were allowed to cool, and then inou=-
bated at 37° Ce (99° F.)_for 12 to 14 hours aftor which the proteoiytio
orgenisms were counteds If o longer incubetion wvmes used, there wns a tend-
enoy for the protoolytic areas to enlerge ard cover other bacterinl colonies
close by, meking it impossible to determine eseccurately the number of proteo=
lytic becteria presente The additlon of milk to the agaer gave it a milky

appearance and the proteolytlc beoterie were easily counted as they formed
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e smll clear ares around each colony,.

(¢) Lipolytic baoteria,

For.tho lipolytic beoterin, dilutions of 1 - 100 and 1 =~ 1000 swere
useds To each pebrl dish was added 1 mls of choess dilution, 0e6 ml, of
fat emuleion, 0.5 ml. of nile blue sulphate solution, and 10 ml, of beof
infusion agar. After all the metorials had been sdded Lo the petri dish
they were thoroughly mixeds The platos were then inoubated at 21° C,

(70° F,) for 4 to 5 days before being counted. ¥ith the medium employed the
faot globules nesr lipolytle colonies become blue in color and can be essily
distinguished from the urhydrolyzod globuleé vhich are pink.s Tho fat emul=-
slon was made by dissolving Cab gram of agor in 100 mle with dlstilled
wter, adding 2 or 3 grams of Vesson oil and sterilizing. After removal
from the sterilizer, the mirture was shaken frequently wix‘ile cooling in or=
dor to emulsify the Vesson oil uniformly throughont the ager. The nile blue
sulphate was made up ag & 0.1 per cent solubion in distilled vober and

5

sterilizod. The finel comeenbration of nilo blue sulphmte in the ager was

approximately 1 = 20,000,

Mioroscopic Study of the Beoteriel Flora in Cheese Sormm.

Approximtelﬁr 0.0} mi. of cheese serum vas spread uniformly over en
area of one square ocentimeter and aellowed to dry., The f£ilm of chescse serum
wo.s then stained with methylene blue and examined., A count was made of all
the bacteria present and also of the organisms Ivmving o morphology suggest=
ing lactobacillij tho percenbage of the total flora mnde up of the latter

~orgenisms was thon calculated,



EXPERIMENTAL

Effect of Adding Verious Organisms Alone or in Combinations to
Pasteurized Milk Usod for Making Cheddar Cheese on the Nitrog-
enous Deocompogition and Flavor Development in the Cheose.

The effect of adding warious organisms to pasteurized milk used for
mking Cheddar cheese on the nitrogenous decomposition in the cheese and
the flavor dewvelopmont wes studied with six series of cheose, each con-
taining four lots. Two per cent of a bubter culture (122) and 0.5 per

cent of a milk culture of Leactobaoillus casel (14) were used in all lots

of milk because, in the work of Lane and Hammer (58), this combination
of organismes produced a setlsfactory cheese when uged with pastourized

milke Thase cultures alone vere used in making the ocontrol cheese,

whille with the other thres lots of cheese in eash serles one or more test

organisms wore also employed. The test orgenisms used wore as follows:

Streptococous liguefaciens, an unidentifled Mierococous, an inert lipo-

lytic orgonimm, Pseudomomns fragl, an soid forming lipolytisc organism,

Pseudomonas fluoroscens, Aloaligenes viscosus, and Achromobacter lipo=-

lytioum. The various organisms were added to the pasteurized milk in
the form of milk cultures, using the following percentages: 0,06 por
cont with B. liquefecions, the inert lipolytic orgenism, Ps. i‘ragi, the

acid forming lipolytio organism, Ps. fluorescens, A. viscosus or fA. li-

polytioum ond 0.5 per cent with the unidentified Miorococcus.
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Effect of Ss liguei’ucionc, an Unidentified Merocosocus or Bothe

Tablo 1 prosents the deta on the nitrogonous decomposition und {lavor
development in two series of cheese in which S, liguefaciens, an wniden-
tified Micrococous or both were used ia é.ddition to the regular ocultures.

Series 1. Then the cheese In serles 1 wero only 3 days old there
weg very little wariation in the total nitrogen in the serums of the four
ocheese, The total wvariation at this perloed was from 5.0 to £.2 ml., re=
ported ns milliliters of 5/10 acid equivalont to the nitrogen in 1 mle of
cheeso serum. As the ripening progrossed thore was an inorease in the
total nitrogen in tho serums of all the cheese and the differcncos between
the four cheese in the series became slightly greater. After 112 dayo of
ripening the total nitrogen varied from 1946 to 20.6 ml, of 1i/10 neide
The most rapid Anorease in total nitrogen in the serums oscurred during
tho early stoges of the ripening periods The inorease during the period
from the 3r1 to the 14th day wms over 100 per cents After the 1l4th dey
the rato of inorecase in the total nitrogen was materially reduced, The
serums of the control cheese and the cheeso mde with S, liquefacions
did not differ materinlly in total nitrogen at any stage during the rip-
enings After 112 deys of ripening the serum of tho cheese made with the
unidentified Wiorocooous or with a mixture of S, liquofaciens ond the
Micrococcus was only very slightly higher in total nitrogen than wos the
serum of the control choeese,

A steady inorease in the warious nitrogen fractions ocourred in the
sorums of all the cheese as the ripening progressed., In the young chaese

tho amounts of nitrogen in the fraotions soluble in trichloracotic acid,
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othyl alcohol, or phosphotungstle acid showed little wariation with the
sorum of the yrrious cheese. As the ripening progressed the differonces
in tho amounts of the wvarious frootions in the serum were groater dbut
even after 112 days of ripening the warlations were still amall.

The omounts of nitrogen in the fractlons insoluble in tho wvorious
roagents generally showed o steady inorease in tho serums throughout the
ripening period. The only exception was when trichloraceotic coid was
uged as the precilpitating agent;‘ then the insoluble fraction ineroased
during the first 28 deys and ofter that gradually deercassed so that et
112 days it was only slightly greater than at 3 days., In the 3 day old
cheese there wes no significant wariation in these insoluble fractions.
Although the weriatlons found in the insoluble fractions wore mmall they
indioate that the control cheese contained a slightly smaller insoluble
frootion in the sormm when ethyl aloohol or phosphotungstlo coid were
used as precipitating agents, than the cheess made with the test organ-
ismc, The cheese made from pasteurized milk inocculated with both Se

. liguefaciens and the unidmtified Micrococcus wns highest in the insol-

uble frootions of nitrogen.

Tnorenses in the amounts of amino nitrogen in the serums w;::re showm
by 21l of the cheese as the .ripening rrogressed, During the early
stages of ripening ﬁhq variations in the amounts of amino nitrogen in
the four cheece wore mlatively small; after longer periods of ripening

larger differeonces existeds In all cases the three cheese oonbaining

. tho test organimms showed more amino nitrogen in the serum after 28 days

then the control oheose,

The moisture contents of the four cheese in tho serles waried but
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little at any stage during the ripening.

The data on the effect of the warious orgonisms on tho flavor devel-
opment in the cheese show that the cheeso made with the teost organisms
goored higher in flavor than the ¢ontrol choeses There was no apparent

difforence in the flavor scores of the choese mnde with S. liquefaciens,

the unidontified ificrococcus or both of these organisms. After a poriod
of ripening a sour flsvor developed in all the cheoesc und was most pro-

nounced in +the control,



Table 1

Bffect of S, liguefaciens, an unidentified Micrococecus or both oa the nitrogemous decomposition and flavor 4
Serles 1

mle. of N/10 acid equiv. to nitrogen in 1 ml. of cheese sermm
Hitrogen fractionated into solubls and
insoluble fractions with
Serial Age of Moisture Total Trichlor- Ethyl Phospho- Amino )
muber cheese Test organisms used per nitro- acetic acid alcohol +tungstic acid nitrogen 1

of cent gen in . Mzs.

cheese days nl.N/10 Sol. Insol. Sol. Insol. Sol. Insol. !
: geid
1-1 3 Rono. 3B.9 S.1 31 2.0 1.8 3¢9 1.0 4,0 +88
1«2 3 _s_:. liguefaciens 38.8 5.0 3.0 1.9 1.1 3.8 1.1 39 o564
13 3 Kicroooccus 38.7 5.0 3.1 l.9 1.1 349 1.1l 3.8 72
1-4 3 Se liguefaciens and 3849 5.2 3k 1.7 le2 440 1.2 4.0 +68
Kicrococcus

l-1 14 None. 378 1049 7.1 38 3.8 7.1 24 8.4 20
1-2 14 _S_:_ Mgnefat:iens 372 10.7 72 Be6 Se2 75 23 845 «86
1=3 14 Micrococcus 374 10.8 7.1 38 S.l 7.8 1.9 9.0 094
l-4 14 §_:_ 119“3. end Micro. 3769 11.0 74 Seb 3.1 7.9 2.0 9.0 93
l-1 28 None. 372 " 1440 10.8 303 4.6 940 3k 10.6 1.73
12 28 §=_liguefaciena 37.0 14.1 10,7 JeS 4,1 10.1 24 11.9 1.73
13 28 Mierococcus 37 43S 12.9 10.0 Be7 35 845 2e& 10.5 i.71
1-4 28 S. lique. and Eicro. 375 14,0 104 38 4.2 9.7 346 10.4 2,07
1‘1 56 None . 37 .0 16 .g 1406 2.4 5.8 1101 400 15.0 309
12 56 S. liquefaciens 37.1 18.4 1345 340 Ge8 10.5 4.8 12.0 4,13
1-3 56 liecrococcus 372 1648 13.7 2.2 5.8 10.8 3.0 13.8 4,24
l-4 56 §_.- ligue. and Micro. 372 17.8 14,7 Bel 6.2 1le7 3.7 14,0 4.13
1"1 112 None. 5604 1906 17.2 205 9.6 9-9 608 120'? 5012
1=2 112 §_=_liauefaciens. 3645 19.6 17.0 2.6 7.7 11.0 6.0 13.7 6453
1-3 112 Micrococeus 356.2 20.8 18.0 2.7 8.4 12.1 6o 7 13.6 6.21

1«4 112 -s_!_ ligue. z2nd Hicro. 3646 20.8 17.9 2e¢6 8.2 1245 B85 14.0 626







Teble 1

nidentified Micrococcus or both on ths nitrogenous decomposition and flavor development in the cheose,

Series 1

mle of B/10 acid equive to nitrogen in 1 ml. of cheese serm

Nitrogen fractionated into soluble and
insoluble fractions with

 Moisture Total  Trichlor- Ethyl

Phospho~ Amino Flavor _
da per nitro- acetic acid aleohol +tungstic acid nitrogen score Remerks on cheecse
cent gon in Mgse. of flavor
nl.N/10 Sol. Insol. Sol. Insol. Sol. Insol. cheesae
acid
58‘.9 501 5.1 200 102 3.9 100 4.0 068
3846 5.0 3.0 1l 1.1 3.8 1.1 39 84
387 5.0 3el 19 1.1 3.9 1.1 3.8 72
d 3849 Be2 St 1.7 1.2 4.0 l.2 4.0 «88
3%7.8 10,9 7.1 3.8 348 7.1 24 844 «20 37.0 Sour.
372 10.7 72 Be6 Se2 75 243 8.5 «86 3845 Sl. formented.
374 10.8 7el 38 Bel 748 1.9 9.0 94 b > 1851 Lacks flavore
de 3749 11.0 7.4 Se6 3.l 78 20 9.0 93 3845 Sle fermented.
372 © 1440 10,6 363 4,6 9.5 Sed 10.6 1.73 5840 Sl, sour.
37.0 14.1 10.7 3.5 4,1 10.1 2e4 11.9 1.73 39.5 Sl. sour.
3743 i2.9 10,0 D37 35 95 2.4 10.8 1.7 0.0 n "
de 37.5 14.0 10.4 346 4,2 9.7 36 10.4 207 39 40 " v
37,0 15.9 14.6 2.4 S8 1l.1 4,0 13.0 349 3645 Sour,
37.1 18.4 135 3.0 548 1045 4,6 12.0 4.13 3745 Sl. soure
372 1646 13.7 2.9 5.8 10.8 3540 13.6 4.24 3840 " v
Je 37.2 17.8 14,7 Sl 62 1le7 Se7 14,0 4413 37.0 " "
36,4 19.6 17.2 25 9.8 9.9 6.8 12.7 5.12 365 Sour.
3645 19.8 17.0 26 7.7 11.0 6.0 13.7 6455 3845 Sle sour.
36.2 20.6 18.0 2.7 8.2 12.1 6.7 13.6 6.21 37.5 " i
Js 3646 20.8 17.9 246 8.2 12.5 6.8 14.0 6.26 375 " "

a4
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Series 2, Thero was a slight variation in the total nitrogen in the
gerums of the four cheese in ;eries 2 when the cheese were 3 days old, At
this period the total wariatlon in the four cheese was from 4.8 to 5.5 ml,
roported os milliliters of H/lO acid equiwvalent to the nitrogen in 1 ml,
of cheose corume As the ripening propgressed, there was o gradual increase
in the total nitrogen in the serume of all four of the cheese and the dif-
forences between the oheesc beoame greater., After 112 deys of ripening
the total nitrogen varied from 17.0 to 21.2 ml, of /10 ncide The great-
est inoroase in the total nitrogen osccurred during the first 14 doys of the
riponing period. During the period from the 3rd to the l4th day the in=-
creage we.s about 100 per cent. Afbe-r this perlod the rate of incroase in
the total nitrogen was materially reduced. The totel nitrogen in the
serums of the four cheese dlffered very 1llttle during the early stage of
ripening, but the cheese made with the test cultures contained more nitro=
gen in the seorums than the comtrol cheese after 112 days of ripening.

As ‘t:hé ripening progressed there was o stoady inorease in the vari-
ous nitrogen fractions in the serums of all the cheese. In the young
oheese the amount Aof nitrogen in the froctions soluble in trichloracetie
acid, ethyl aleochol or phosphotungstic acid ghowed little wariotion in
the four chesese in the series. As the ripening perlod progressed the dif-
foronoces in the amount of these fraotions in tho serums wore preater. In
generanl, thore was a gradual inorense in the soluble fractions of nitrogen
throughout the 112 days of ripening. ILate in the ripening perilod the
serum from the control cheese wes relatively low in the soluble fractions
a8 woll as in total nitrogens this may have been due to the faot that the

cheese was excessively high in molsture.
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The amounts of nitrogen in the frections insolublo in tho verious re=-
agonts showed no significant variation with the 3 day old cheeso., Gener-
ally, there was an inerense in the insoluble fraoctions as the ripening
progressed. However, when trichloracetic acid was used as the proeipitat-
ing agent the insoluble fractions increased during the first 28 days and
thon gradunlly decreased so that at 112 days the fraction was only slipht-
ly groater thon at 5 dayss The variations found in the scrums from tho
four chesse do not indicate that the tost cultures exerted any sipnificant
influence on the insoluble nitrogon fractions,

All of the cheese showod increnses in the wmounts of amino nitrogen
in the sorums oas the riponing progressed. There wes congiderable varia-
tion in the amounts of amino nitrogon among the four cheese throughout the
ripening periods The serums from the three cheeso conteining the tesh
cultures wore definitely higher in amino nitrogen than the control cheese
after 112_days of ripeninge.

The moisture content of the three cheese inoculated wi‘l:}i the btest
cultures varied little, but the control cheesc wms excessively high in
moisture throughout the ripening period.

The flevor scores of the four checse in scries 2 wvaried considersbly
and the threec cheese contalning the tost organisms scored higher on
flavor than did the comtrol choose. There was no apmrent difference in
the {lavor scores of the three checse cohtaining the test cultures. All
the cheese scored higheoet during the early period of the ripeming and as
the ripenin/g; progrossed there wes o tendency for o bittor flavor to do-
velop and ?:yq,use a decrease in flavor score.

Simco \e*ies 2 was a duplicate of series 1, the wariations in the
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regulte obtained in the two series should be small. The data on the
cheege in series 1 and £ show that in general the addition of the test or-
genioms, Se liquefacions, an unidentified Microcoocus or both, ineroased
the toinl nitrogen ond the anino nitrogen in the seorum of the choese and

also improved the flavor,



" Table 1 {Cont.)

Series 2

mle of N/10 acid equive to nitrogen in 1 ml. of chesse serum
M trozen froctionated into scluble and
ingoluble fractions with

Serial Age of : Moisture Total Trichlor- Bthyl FPhospho- Anmino
number cheese Test orgenisms used per nitro~ @acetic acid alecohol tungstic acid ni trogen
of cant gen in ' Mgs.
cheese days ml.N/10 Sol. Inmsol. Sol, Insol. Sol. Imnsol,.
) : acld ‘ ‘

8=1 3 None. 42,0 4.8 245 le8° 0.9 440 1,3 1.3 +866
2-2 - S. liquefacisns 30 o6 5.5 Bed 2.1 Ll 444 1.1 4,4 o7
23 3 Micrococcus- , 40,0 5.4 3.2 2.2 l.1 4.3 1.2 4.2 «99
24 3 Se ligue. and Micro. 40,0 S.4 3.3 2.1 1.2 4,3 1. 4.3 «83
2«1 14 None, 4}.2 1048 7«8 3.0 2.7 B848 2.4 844 91
2~2 14 8. liquefaciens 39.2 11,0 8.0 342° 2.8 8.2 2.1 9.2 95
8-3 14 Micerococeus 302 11,1 7.2 38 3.4 77 Se2 9.1 1.20
24 14 Se lique, and Micro. 38,3 10.9 7.0 3.8 3.0 78 2.0 8.8 1.0
2-1 28 None' 4:0.9 15Q7 909 3.7 3.4 10.3 2.6 1101 1054
8.2 28 Se liquefacions 3847 1446 11.3 3.4 4.5 10.0 2.3 12.4 1.98
2=3 28 Hicrococcus 387 15,1 12.0 3.2 4.5 10,8 3.0 12.1 1.92
Bl 28 _S__g_ ligne. and Micro., 5843 . 131 9.8 S8 4,3 8.9 2e¢l 1140 1.87
2~1 56 None. 40,0 150 11.6 33 38 1ll.3 246 12.4 2,31
22 56 S, liguefaciens 373 1641 1346 245 568 1042 33 12.8 4,41
2‘5 55 L!:lcroooccus 3705 1705 14.9 2-6 4:2 13.2 . 3.0 1405 4036
Sad 56 S. lique., and Micro. 37.0 lee4 13.9 2.6 5.4 11,1 3.1 133 4,74
Sl 112 Hone. 40.0 17.0 14,0 3l H5¢3 1l.8 340 1440 4,28
2«2 112 8. liguefaciens 37,0 20.9 18,8 2.0 8.8 11,9 6.5 14.3 6.69
S«3 112 Mierococous 37.1 20,1 17.4 248 8.3 1147 5.8 14.2 5499

24 112 §4_ligue. and Micro. 37.1 2l.2 19.0 263 844 12,6 5.6 14.6 6.85







" Table 1 (Cont.)

Series 2

Lois ture

mle of N/10 acid equive to nitrogen in 1 ml. of cheose serum

M trogen fractionated into soluble and
insoluble fractions with '

Amino

Total Trichlor- Ethyl Phospho~’ Flavor
ed per nitro~ acetic acid alecobol tungstic acid nitrogen | score Remarks on cheese
cent gen in ' Mgs. of flavor
mlsN/10 Sol. Imsol. Sol, Insols Sols Imsol. cheese
aeid ' . '
42,0 4.8 249 1.8 0s9 4.0 1.3 1.3 «68
39«6 5.5 3.4 2.l I.1 44 1.1 4od "«77
40‘0 5.4 3.2 Be2 1.1 4.3 l.2 4.2 «99
TOe 4040 5.4 3.3 2.1 l.2 4.3 1.1 4.3 «83
4l.2 10:8 7.8 3.0 2.7 842 2.4 B4 91 3540 Sour.
392 11,0 8.0 Se2' 2.8 8.2 2.1 9.2 95 38.0 Sle aour.
59-2 1101 7.2 3.8 3-4‘ 7.7 2.2 9.1 1020 38.0 w "
TOe DBBal 10.9 7.0 3.8 3.0 7.8 2.0 848 1.01 3845 " "
40.‘9 15.7 909 3.7 5.4 1033 2.6 1101 1054 55-0 " n
3807 14.6 11.5 3.4 405 10.0 23 12.4 1098 39.0 GOOdo
3847 151 12.0 3.2 4.5 10.8 3.0 12,1 1.92 3845 Sl. sour,.
TOe 3843 13.1 9.8 3.2 4,3 8.9 2.1 11:0 1.87 3.0 " "
40,0 15,0 11.6 Sed 348 11.3 2eG 12.4 2.31 3540 Soure. -
373 16.1 1346 2e5 5:9 10,2 B33 12.8 4,41 5640 Bitter.
3743 17.5 14.8 2.6 4.2 13.2 . 3.0 14.5 4,36 36.0 "
T0e 3740 1644 139 246 5.4 11,1 3.l 133 4,74 3640 "
40.0 17.0 14,0 3.l 53 11,8 3.0 l4.0 4,28 5640 "
37,0 20.9 18.8 2,0 8.8 119 6.5 14.3 6.69 3645
371 2061 17.4 2.8 8.3 11.7 5.8 14.2 5.99 36.5 Bitter.
TOe 3741 212 19.0 2,3 B4 1246 Db 14.6 8.85 3645 "

9%
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Effeoct of on Inergolxig:éyzi;o ;);%i:ligr:é .lf_z%:_m_;f.._‘_r_gﬁj; or an Acid

The date on the nitrogenous decomposition and flavor development in
two series of cheese in vhich an inert lipolytic orgeanism, _P_s_z_._ ff."'ﬁ.i. or an
ao0id forming lipolytic organism wms used in addition to tho regular cul-
tures oro given in Table 24

M 3s There vwas concidersble variation in the total nitrogen in
the serums of the four cheeso in series 3 when the cheese was 3 days old,
The total wvariation et this period was from 4,5 to 6.6 ml., roported as
milliliters of N/lO acld equivalent to the nitrogen in 1 ml. of cheese
serun., As the rilpening progressed there was an inerenso in the totnl ni-
trogen in the scrums of all the cheese. After 112 days of ripening the
total nitrogen variod from 20.1 to 2248 ml, of /10 acid. The inost rapid
inorense in tho totaul nitrogen in the serums ccourred in the period bo-
tween the 3rd and 14th day of ripeninge. The inorease during this poriod
wme about 100 per cent in the conbrol cheese and in the cheese made with
the inert lipolytic orgenism and with Pse fragi, while the cheose mde
with the acid forming lipolytioc organism only inoreased about 80 per cent.
After the 14th dey the rate of ineremase in the total nitrogen in the
goruns was substentially reduceds. The serums of the control cheese and
the cheoso made with Pse fragi did not differ matericlly in total nitro-
gen during the first 28 days of ripening. tef this period the cheese
mde with Pses fragl increased so that it contained the greatest amount of
nitrogen in the serum of any cheese in the series. The cheoese made with

the inert lipolytic organism contained more anitrogen in the serum
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throughout mont of the ripening perlod than did thé control chesse.
Cheose made with the acid forming lipolytlo organism was much higher in
nitrogen than the control cheese, but after 112 days the differonce bo-
tweon the two cheosos was somevhat less.

In general there was e steady lncronse in tho vwarious nitrogen frac-
tions in the serums of sll the checse as the ripening progressed. Among
the four cheese in tho series there vms considerable werintion, during
the Tirst 14 dayé of ripening, in the amounts of nitrogen in the frac-
+ions soluble in trichloracetic ocid, bub not in the froctions soluble in
ethyl alcohol or vhosphotungstlo acide There wns a consistent inoresse
in the goluble fractions of'nitrogen throughout the ripening poriod. Af-
tor 112 days of ripening the coluble fraction of nitrogen in the serum
from the control checse wes slightly lower, when trichloracetic acid was
used as the preoipltating agent, than in the serums from the choose made
with tho test organisms. There wes very little differemce in the soluble
nitrogen frootion in the-serums from the four sheese when ethyl alcohol
or phosphotungstic acld was used as the precipitating agent.

The amount of nitrogen in the fraotlons insoluble in the warious
reagents usually showed o steady Inercase in tho serums throughout the
ripening perlod, In the young cheesc there was no significant wariation
in thelinsoluble frootions of nitrogen with any of the procipitating
agentss Whon trichloracetic acid was used as the precipiteting agent the
Ingoluble fraction did not inorease after the 28th day of ripening.

Vith ethyl alcohol or phosprhotungstic acid used as the precipitating
agent thore vas o oonglstent incroase in the nibrogen in the insocluble

fraction throughout the ripening psriod. After 112 days the difforences
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in the nitrogon content of the insoluble fraction of the serums from the
four cheege in the serlies wero too small to be of any significanco.

Inoronses in the amounts of amino nitrogen in tho serums as the ri-
poening progressed were shown by all the checse. There was considerable
wrintion in the amounts of amino nitrogen in the four checse, during the
eorly period of ripening as well as in the latter period, The aontrol
cheeso and 1.l:he choese made with the lnert lipolytie organism wers oon=
slderably lower in amino nitrogen in the serum at 3 days of age than the
other tvo choese in the seriles, while the control cheoese and the cheeso
mde with the acld forming lipolytic organism were low after 112 days of
ripenings At this time the cheese mado with Pss fragl was considerably
higher in amino nitropen in the serum then any of the othor threeo cheese
in the serles.

There wns very little variation in the molsture contont of tho four
cheese at any periocd during ripeoning.

The data on the effsct of the warious organisms on the flavor de-
velopment in the cheese show that in general the control cheoese serced
higher in flavor than the cheese made with the tost orgenisms. During
the eorly part of the ripening period the control cheose ond the cheecse
made with the inert lipnlytic organism received about the same Lflavor
scoros. Tho cheese made with Pge fregl and the acld formlng lipolytle
orgenlsm recoived the lowest flavor score throughout the 112 day ripen-~
ing poriod. The control cheesec was nobt oriticlzed at eny perlod during
ripening, while the cheese mde with Ps, fragl and the cheeso mde with
the acid forming lipolytie orgenlsm were oritieized for being sour and

bitter, rospectivelye.
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Series 4. There was some variation in the total nitrogon in the
serume of the four cheese in series 4 when the cheese were 3 days old,.
The total wariation at this time wes from 4.0 to 4.9 ml, on the basis of
the milliliters of N/lo aold equivalent to the nitrogen in 1 ml, of
checse sorume. As the ripening progressed there was a steady increese
in the total nitrogen in the serums of all four of the cheese and the
differences hotween the cheese became gomevhat grester, The variation
in the total nitrogen after 112 deys wng from 19,6 to 22.3 mle of N/lo
acdid, The groatest increase in the tobtal nltrogen took place during the

firet 14 days of the ripening period; from the 3rd 4o the 14th day the

inorease was ahout 100 per cent. Aftor this period the rate of inesroace

in the total nitrogen was mterially reduced. There was no significant
variation in the total nitrogen in the serums from the four chesse at
any stage durlng ripening, the percentage difference being about the
same at 112 days as after 3 days of ripening.

There was a steady Increase in the various nitrogen froestions in
the serums of all the cheese as the ripening progressed. At 3 days the
amount of nitrogen in the fractions soluble in trichloracetic acid,
ethyl alechol or phosphotungstic acid showed small variations in the.
four ocheese in the series. As the ripening progressed the differcnces
in the amount of these fre;m'biona in the sorums were groater and there
was & gradual increase in the soluble fractions of nitrogen throughout
the 112 day pericd of ripeming. During the latbter part of the ripening
period the serums from the oheecse made with Ps. fragl and the acld
forming lipolytio organism were lower in soluble nitrogen than the
seruns from the control cheese and from the oheese made with the inert
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lipolytic organism, when trichloracetic nold wns used as the precipitating
agont. Cheose made with the inert lipolytic orgenism gave the highest
soluble freotion of nitrogen in tho serum, with all the precipitating
agents after 112 days of ripening,.

The amount of nitrogen in the fractions insoluble in the wnrious pre-
cipitating agents showed a steady increase throughout the ripening period.
The groatest increnses in the insoluble fractions of nitrogen in tho
serums occurred during the {irs® 14 days of ripeninge Thoro were no sig~
nificant variations in the insoluble froctions in the young cheese regard-
less of precipitating agent used, and in general thore were no difforonces
in the insoluble freoctions of nitrogen in tho serums from the four cheese
in the serios that ocould be attributed to the test orpanisme used.

A gradusl inerease in tho amounts of emino nitrogen in the serums as
the ripening progréssed wo.s shown by all of the choeses Thore was very
1ittle difference in the smino nitrogen content of the serums from the
four cheese durilng the early stages of ripening, but es the ripening con-
. tinued the wvaristions became grenter. After 112 days of ripening there
was not o great deal of differonce in the amino nitrogen content of the
sorums from the control cheese and the qheose mde with the acid forming
lipolytic organiem but the values were considerably lowor than those of
the serums from the cheese made with the inert lipolytic organism or FPs.
fragl.

The molsture content varied wvery little in the four cheose in the
series at any period during the ripening.

The date on the effect of the warious organisms on the flavor devel-

opment ghow that the oontrol cheese and the cheese made with the inort
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lipolytic organism soored about the same throughout the ripening poriod.
These choese soored considerably higher, especinlly during the first half
of the ripening periocd, than the cheese made with Pge frogi or the acid
forming lipolytic organisme. After 112 days of ripening thore vmg but lit-
tle difference in the flavor score of all four cheese in the scerics.
Throughout most of the ripening period the cheese nande with tho acid form-
ing lipolytie organism was criticized for boing bitter end the other threc
cheose for bging gours

Bince sories ¢4 wao o duplicate of series 3, the results obtailned in
the two series should not vary greatly. A comparison of the cheecse in the
two series shows that the cheoose made with Pss frogl and the ncid forming
lipolytic organism ssored lower in flavor than the control cheose or the

cheegse mdo with the inert lipolytic organism,



Table 2 (Cont,)

Serles 4

ml., of K/10 acid equiv. to nitrogen in 1 ml. of cheese serum
Nitrogen fractionated into moluble and
insoluble fractions with

Serial 4igse of Moisture Total Trichlor- Ethyl Phospho- Amino
number c¢heese Test organisms used per nitro~- azcetic acid aleochol  tungstic acid nitrogzen

of cend gen in ) ' NEse
cheese days ml.N/10 Sol. Insole. Sol. Insol. Sole Insol.

: acid ‘

4.1 3 Hone. ' 3844 4,80 342 le68 1.7 3.1 1.0 3.8 .98
4-2 3 - Inert lipolytic,No.l8 37,6 4,90 344 1é6 17 3.3 1.0 3.9 1.08
4.3 3" Pge fragt ' 374 4400 2e3 le5 1.3 2.8 K-} 3.2 92
4et 3 Lipo.acid former,No.l2 37.6 4,1 27 143 13 2.8 1.0 3.1 .98
41 14 None. B7e5 93 649 244 3.2 6.0 1.7 75 2,02
42 14 Inert lipolytic, No.l8 37,3  10.0° 7e3 247 3.5 6.4 1.9 8.0 2.14
4-3 34' __P_E_Q_ M 5700 709 5.7 202 Scl 4.8 205 505 1059
4-4 14 Iipo.acid former,No.l2 37.4 8.4 6.0 243 3.2 5 1.8 6.3 £.08
4-1 a8 Nonee 37«0 1246 0.7 249 4,7 7.8 2.8 9.7 2.62
4-0 28 Inert 1lipolytic, Fo.18 37.1 1440 10.8 343 4.5 9.3 2.6 11,5 2.88
4‘3 28 _Iz_s_o_ rmé 309 1202 9‘4 207 407 704 501 9.0 277
44 28 Lipo.aeid fomer,lﬂ’o-lz 372 12.3 9.5 28 a7 7e5 Ze0 Fed 2.88
4<1 56 None., 3622 15.2 123 Se0 546 9.7 3«2 12,1 329
4«2 56 Inert lipolytic, No.l8 306.1 17.1 14.3 2.9 5.5 11.7 3.1 14.1 3.81
4-3 58 Pse fragi 3Ge5 14.1 1le3 249 4.4 9.7 3e3 107 333
44 b6 Iipo.zeid fomer.Noolz 3Ce7 13.9 10.7 3.0 5e2 847 Se? 109 3.40
4~1 112 None. 3043 206 164 4.3 7e2 1340 6.0 14,8 6.9
4-2 112 Inert 1ipolytic, No.l8 35.4 223 18.0 445 8.3 1349 7495 14,7 735
4-3 112 Ps, fragl 354 20.2 1547 4ot 75 12,3 6.3 13.5 797

4-d 112 Lipc.aclid fommer,No.l2 35.5 19.5 1540 444 7.2 12.1 8.1 13,2 5.88







Table 2 (Cont.)

Series 4

ml, of N/10 acid equiv. to nitrogen in 1 ml. of gheese serum
Nitrogen fractiomated into soluble and
ingoluble fractions with

Hoisture Total Trichlor- Ethyl Phospho~ Amino
used per nitro- acetic scid aleohol  tungstic acid nitrozen Flavor Remarks on cheese
cend gen in MES. . secore . flavor
m1l.N/10 Sol. Insol. Sol. Insole. Sol« Imnsol. of
acid . : : cheese
5844 4480 342 1.6 147 3:1 1.0 3.8 «98
19ROl 37,6 4490 Bed 148 1e7 3.3 1.0 340 i.08
' 374 4400 2,5 15 le3 2.8 N- 3.2 92
iryNo.l2 37,6 4.1 27 13 1.3 2.8 1,0 3.1 .98
B7e5 943 Be2 244 32 6.0 1.7 7.5 2,02 39,0
'y NOW1E 37,3 1040 7e3 247 3.5 6e4 L9 8.0 2.14 39.0
' 37.0 749 S.7 22 Bal 4.8 2e5 543 1.59 37.5 Sl. sour.
lr,KO.lZ 3768 Bed 6.0 240 Be2 S.1 1.8 6.5 Se 3%7.0 Sl. bitter.
' 3740 1246 907 249 4.7 7.8 2.8 9.7 2462 3840 Sle BOUTe
Yy No,.l8 37.1 14.0 10,8 343 4.8 9.3 2.8 1.5 2.88 3845 " n
: 3649 12.2 Qed 247 47 74 3l 9.0 2.77 37.0 Sour.
Pr.NO.lz 372 12.3 * 183 28 e 7e5 3.0 e 2.98 37.0 Sl_. bitter.
5662 15.2 12.3 3D 546 9.7 3eR 12,1 329 3840 Sle. sour.
s Nool18 36.1 17.1 14.3 2.9 5.5 1l.7 3.1 14.1 3.81 38.0 " "
5G5S . 14.1 11.3 249 4.4 97 Se3 10.7 3033 36.5 Sour.
raNoel2 3847 13,9 10,7 B3¢0 BHe2 8¢7 32 10.9 3440 37.0 Sle bitter.
353 20.8 16o4 443 7e2 13.:5 6‘0 1468 6.9 57'5 Sl. sour.
'y Nood8B 35:4 2223 18,0 45 8.3 1349 %) 14,7 735 3840 " "
35:4 20,2 15.7 4.4 7e5 12,3 Ge3 13.5 7.97 3645 Soure
P, Noel2 3545

J9.5 15:0 4.4 7.2 12.1 Gel 13.2 - 588 37.0 Sl. bitter.
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Effoct of Pse fluorescens, Ae visoosus or A, 1lipolytioum.

Table 3 presonts the data on the nitrogmous desomposition and flavor

development in two sories of cheecse in which Pses fluorescons, A, viscosus

or A, lipolybicum was used in addition to the regular oultures.

Serles 5. Vhen the cheose in serles 5 were 3 days old thero was a
slight variation in the total nitrogen in the serums from the four cheocce.
Tho totel differcnce at this period was from 5.2 to 6.4 ml, on the bases
of the milliliters of }1/10 2oid equivalont to the nitrogen in 1 ml. of
cheose serum. As the ripening progressed there wne an inersase in the to-
tal nitrogen in the serums of all the chesse and the differencos between
the four cheose became slightly groaters After 112 days of ripening the
total nitrogen waried from 22,1 to 24.4 mle of }/10 acid. The groatost
:Lnoreasé in the total nitrogen in the serume fron the four cheese in the
series occourred during the poriod from the 3rd to the 14th day of ripen=-
ing, The increase during thls period was ebout 60 per cent for the con=-
trol cheose and about 80 or more per cent for the cheese mde with the
tost orgenisms. After 112 days of ripening the gerum from the control
cheese contained the greatest amount of ni'brogeﬁ per mllliliter of any of
the cheese in the soriles.

A steady inorease occcurred in the wvarious nitrogen fractions in the
soruns of all the cheese as the ripening propressed. In the 3 day old
cheoge the amounts of nitrogen in the frastions soluble in trichloracetic
acid, é'hhyl alochol or phosphotungstic acid showed little wnrictions in
+he serums o;[‘ the various cheese. Aa the ripening of the cheose adwanced

the difforences in the amounts of the fractions in the serums inoreased,
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but the waristions were small even after 112 days of ripening.

The amounts of nitrogon in the froctions insoluble in the warious ro-
agents genernlly shovod a steady inorease in tho sorums throuphout the
ripening period. The only exception was when trichloracetic acid was used
as the precipitating agent, then the insocluble fraction incroased up to
the 56th day and then dooreased so that after 112 days of ripening it wes
about the same as at 14 dayse In the young cheese thero wore no signifi-
cont variations in the ingoluble fractlona, The wnrintions found in the
insoluble fractions in the sorums from the fowr cheese in the snrioc sere
amall ond probebly not sigﬁificant.

Inorosses in the amounts of amino aitrosen in the sorums as the
ripening progressed were ghown by all of the cheese., The emnll woriations
found in the amino ni‘bm.gen contont of the serums from the four cheese
during the early stages of ripening did not chango mtorially es the ri-
pening progressed. There were no differmoces In the four cheese os far as
amino nitrogen in the sorum was conoerned, that could be atbribubed o the
test orgenicms used.

The molsture content of the four cheeso veried very little at any
period during the ripeninga

The data on the effeet of the warious orpanisms on tho flavor devele-
opment .ﬁx tho cheese show that in general tho chea‘se with the tect ocule
tures scored slightly higher than the condrol checse. During the ourly

part of the ripening period the oheese made with the best culture Pa.

fluorescens seored highest. &s the ripening progressed “he wvariatilens

becams less and the differences after 112 days of ripening were probably

not significanb.



Table 3

Effeot of Ps, fluorescens, A, viscosus or i. lipolyticum on the nitrogenous decomposition and flavor do
Series &

ml. of ¥/10 acid equiv. to nitrogen

in 1 ml, of chease serm

Hitrogan fractionated into soluble and
insoluble fractions with

Serial Age of lioisture Total Trichlor- Ethyl FThospho- Amino
number cheess Tast orgsnisms used per nitro- acetic aecid alcohol  tungstic acid nitroge
of cent gen in . Mgse
cheese days 21.N/10 Sol. Insol. Sol. Insole Sol. Insol.
aeid

5"1 3 Nona. 3806 G4 4.6 1.8 200 4'5 105 4.8 1002
S5=2 3 Pg. fluorescens I 0 55 3.7 1.8 1.9 3.8 1.0 4.8 -1
5=-3 3 Ae. ViBcosus 3Bes 5.7 34 2.2 2.0 3.7 1.0 4.8 1.07
5-4 3 4, lipolyticum 37.8 5.2 3.6 18 1.9 3.2 1.0 4.2 1,07
S=1 14 Fone. 378 10.2 7.8 244 2.0 862 1.9 83 2.18
5-2 14 Ps. fluorescens 3840 10.0 70 340 2s2 7.8 1.7 8.3 1.85
53 14 A, viseoous 575 10,3 7.6 2.7 2.0 843 1.7 Be6 1.74
Sw=d 14 A. lipolyticum 372 V7 7.0 247 2.0 7.7 18 7.9 2428
51 é8 None. 36,8 15.2 11.5 38 DeS 946 Jod 12,0 263
5«2 28 Y., fluorescens 372 l6.4 12.8 3.9 S8 1046 5.5 1500 3.18
5=-3 28 ;A_"!_ vissogns 368 16.1 12,9 J.2 56 - 1046 Je 13.0 2.74
S5=4 28 g_._ 1i2°12 !ieum 3647 1665 1349 246 4.2 1l2.4 37 12.8 2.78
5-1 56 Kons. 38,4 19.68 16,1 505 645 13,0 4.2 15.3 3.00
5-2 56 Ps. fluorescons 36,2 i8.0 14,4 346 8.0 12.0 3.9 14.0 3042
5«3 56 A. viseosus 5644 18,0 14,5 3.5 646 1lad 35 14.5 3,10
S5-4 56 A. lipolyticum 36,0 18.9 15,86 34 845 1248 38 15.2 3414
5.l 112 Hone. 543 24.4 21.8 246 11.9 12.4 7.6 1649 6.0
5=2 112 s, flnoresceng 35.7 22.1 1845 248 8.9 13.5 6.6; 15.4 5.38
93 112 A, viscosus 3545 23.1 21.2 1.9 10.7 12.8 ) 7e2 16.2 6437
S5-¢ 112 E_ lipolyticum 3544 233 20.6 3ol 0e5 14.0 7.1 16.5 8.32







Table 3

viscosus or i, lipolyticum on the nitrogenous decomposition and flavor dsvelopment in cheddar cheese.
Series 5

Hoisturs

ml, of N/10 aeid equiv. to nitrogen in 1 ml. of cheeso sermm

Ritrogen fractionated into scluble and
insoluble fractions with

Total PTrichlor- Ethyl Phospho~- Amino
¥d per nitro- acetic acid alcohol tungstic acid nitrogen Flavor Remarks on cheese

cent gen in Kgzs. score flavor

m1.§/10 Sol. Insol. Sol. Insol. Sol. Insol. of

aecid : cheese

3846 844 4,6 1.8 2.0 4,3 1.5 4.8 1,02
3.0 545 3.7 1.8 1.8 3.5 1.0 4.6 97
3844 Sa7 Sed 262 2.0 347 1.0 4.8 1.07
37.8 5.2 3.6 16 19 3.8 1.0 4.2 1,07
D78 1042 7.8 2.4 20 8.2 19 843 218 355 Bitter and sour.
38.0 10.0 70 3.0 B2 7.8 l.7 8.3 1.88 58.0 Lacks flavor.
5745 1063 7a6 247 240 BeE 1.7 846 1.74 36.0 Sour.
372 D7 7.0 2.7 2.0 7.7 1.8 7.9 2428 . 37.0 Sourxr.
3648 15,2 11.5 3.8 DeD 9468 3ot 12.0 2463 3545 Bitier.
37.2 16,4 12.8 3.9 548 10,6 3eD 13,0 3.18 37.5 Lacks flavor.
3848 18,1 1209 3.2 546 - 1046 Se2 13.0 274 36.5 Sour.
3627 1845 1349 Lob 4.2 124 37 12.8 2.78 37.0 Sl. sour.
36,4 19.6 16.1 3.5 8.5 13,0 4.2 15.3 3400 3600 Bitter.
36.2 18,0 14,4 3.8 6.0 12.0 3.9 14,0 3442 37.5 Lacks flavor.
G6e4 1840 1445 3e5 646 lle4 345 1445 3.10 37.5 Sl. sour.
36.0 18,9 15.8 344 8.5 12,5 3.8 1542 3414 37.0 Soux,
353 24.4 218 248 1l.9 1244 7.6 16.9 68,01 36.5 Sl. bitter.
3547 2241 19,5 2.8 Be9 13.5 6e6 15.4 5.28 37.0 Laocks flavor.
3545 23.1 21.2 1,9 10.7 128 7.2 16.2 6,37 - 37,0 n "
3544 2345 20.8 3ol 05 14,0 7.l 16.5 6,32 3640 Sour,.
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Serics 6. There tms very little differonce in the totel nitrogen of
the sorums of the four cheese in sories € when the oheese vere 3 days old,
The varintions in the total nitrogen at this time wore from 4,7 to 5.6 ml.,
roported as millilitors of /10 noid equivalent to the nitrogen in 1 ml.
of oheoss serum, As the oheesgo increazed in ape there wns an inoronass in
the total nitrogen in the ssrums of all the cheose. The total nitrogen
varied from 1844 to 1846 mle of /10 aold after 112 days of riponing. The
groatest increase in tho total nibrogen osourred during the Lirst 14 doys
of ripening, the inoroase from the 3rd to the 14th day being from about 60
to about 80 per cent; the smallest increascs in the nitrogeon content woro

in the control cheese and in the cheese made with Ps, fluorecscons while

the larger increases were in tho cheeso made with A, viscosus or As lipo~
. lytioum, There was also a conslderable insrsase in total nitrogen during
“the poriod from the 14th to the 28th day of ripeming, but the per cont
increase wms less than during the earlier periocd. Tho variations in the
total nltrogen in tho sorums from the four cheese weore smll throughout
the ripening perilod. "
There was o gteady inerease in the warious freoctions of nitrogen in
'b};e gorume of all the cheess as the ripening progressed, Therc wos prac-
tically no wrintion in the amount of nitrogen in the fractions soluble
in trichlorncetic ccid, ethyl alcohol or phosphotuugstic acid with the
four cheese in the sories at any period during ripening. The groulost
inerease in the soluble fractions of aitrogen in the serwns usually ceme
during the first 28 days of ripenings Thereo were no variations in ’c,\he

amounts of nitrogen in the soluble frmotion in the sorum of the four chesse

in tho series that oould be atbtributed to the test organisms used.
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The amount of nitrogen in the fractions insoluble in the various re=-
egents usunlly showed a stoady lnecrenge in the scrums throughout the ripen-
ing poriode Thore were no significant worisntions in the insoluble frac~
tions of nitregen in the serums whon the cheeso werc 3 days old. Vhen tri-
chlorucetio acid was used as the prociplitating agont there mms a omall but
gredual inerezase in thoe insoluble fractions of nitrogen in the serunm
throughout the ripening period, with ethyl alcohol or phosphobungstic acid
used o5 the precipitating agent there wms an inorense in the insoluble
fractions of nitrogen in the sorums tlwoughout the 112 day ripening pori-
od, but the greatest incrorse occurired durdng the first 28 days of ripen~
inge The varletions found in the i‘ﬁmoluble fractions of nitrogen in the
sorums {rom the four cheoese chow that the differences bebwoen the control
choese and that made with tho test culturee aro too smell to be of'any in-
portances.

There vos a steady incrowase in the amount of amino nitrogen in the
serums from the four cheose as the ripenlng progresseds The emnll warila-
tions found in the amino nitrogen content of the sorums from the four
cheese in the ceries ot all stages of ripening were too smell to bo of
any imporiancc.

The moisture content of the four cheese in tho soriea showed vory
little wvariation al wmny stege during ripening,

Tho results on the effect of the varlous crgpnisms on 'bhé flavor de=
velbpmen‘l: in the cheeoac show t}ﬁﬁ during the early stages of ripening, the
chesse made with the test organisms scored higher than tho control chesse.
As the ripening progressed tho flavor in the control cheese improved ond

after 28 days of ripening the wvariation in the flavor zcored from the four
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cheese in the serios was not significont.

There was conslderable difference in the nltrogen comtent of the
cheege in serios 6 and 6, although they wero made under identical condie
tiox;a. Thers wnc no material difference in t‘h‘e total nitrogen content of
the serums from the two sorles of cheese at & days, but as the ripening
progrosced the variations bécame groater, The amino nitrogen content of
the serums from the two series of cheose showed small wariations during
the early poriod of ripening, tut as the ripening progressed the‘differ-
ences inoreased. Tho fhﬁor scores In the two series are in very close
agreement at all perilods during ripening; while there zare some small dif-

ferences In the flavor scores in the cheese within the series, they are

too small tc be of any importance, .



Table 3 {Cont.)

Sexries 6

ml, of §/10 aecid equiv. to nitrogen in 1 ml. of cheese sorum
Nitrogen fracticnated into soluble and
inscluble fraetions with

Serial Age of Moisture Total Mrichlor- Ethyl Phogpho~ Amiano
number c¢heess Test organisms used por nltro- acetic zeid - alecohol  tungstie acid nitrogsn Flav
of cont gen in . Mes. seor
cheese days ml /10 Sol., Inscl. Sol. Insols Sol. Insole of
- acid chee
6‘1 3 None‘ 3903 5'1 3.5 108 107 3.4 09 402 08"
8=2 3 Pg. fluorescsns 39.5 546 3¢ 2.1 2.0 3.5 1.0 4.5 92
6=3 3 "Ae Viscosus . 32.1 540 3e5 1leb 1.7  3e4 o9 4,2 «87
G~4 3 4o lipolyticum 3.8 447 32 16 1.7 2.0 o7 . Ze9 92 '
G-l 14 Nons. ) 38.5 847 CeJ 23 Sed D3 l.4 Pe3 1.85 35.
G2 14 Pa, fluorascens 3B 8.8 €D L3 Ded 546 1.5 Ted 1.68 37
6=3 14 é_t. vigeosus 38.2 9,0 8.8 23 3e5 Se4d 1.5 Ted 1.63 36
6~d 14 4. lipolyticum 3e.1 8.5 6.5 2.1 B3 53 143 73 1.80 37,
6"'1 28 None' 7.5 1501 11.0 2.0 4.0 goo 3.0 10.2 2.72 36.
6e2 28 Pa, fluorescens 375 1Z.4 10.6 .8 4.l 2.3 2.7 10.6 £.28 36
6«3 28 il_o_ vigcoaus 37.5 14.2 12.2 2,0 . 4,0 10,1 27 11.4 239 38
G 28 4e lipolyticum 3849 13.0 10,0 3.1 4.5 B8 2.7 10.3 2,33 37
6"1 56 Nona' 3608 16.0 12.9 301 501 11:0 2.9 13.0 3.35 360
§=2 56 Fse Tflucrescens 3648 16.1 12,9 Se2 5.0 1ll.l 2.9 13.2 283 37.
6=3 - 56 4+ Viscosus 378 15.8 127 3.1 GsQ 107 245 12.4 .78 7.
6-4: 56 _1}:_ liaolggicum 56-8 16.0 13.7 3.2 501 10.8 2.4 1205 3016 370
6=1 112 Nons. 361 18,6 14,5 3.9 Q2 1le2 444 14.2 5400 36e
6=2 112 Ps. fluorsscens 3€Ce3 18.4 18.0 3.3 7«0 11l.8 4,0 14.,4 5497 37
6=3 . 112 Ae viscosus 3CL7 18,5 15.2. E.5 7l 11.2 4.5 14,1 5.55 3%

64 12 A, lipolyticum 3Ge2  18e4 1844 4.0 7.0 11,5 4,5  14.0 5439 3€.







Tables 3 {Cont.)

Series 6

Moisture

ml., of N/10 acid equiv. to nitrogen in 1 ml., of cheese sorum
Nitrogen fracticnated into soluble and
ingcluble fractions with

Total Trichlor~ Ethyl Fhospho=~ Amino
ad psr nitro- acetic =zcid alcohol  tungatic acid nitrogen Flavor Remerks on chease
cent gen in Mzs. score . flavor
ml N/10 Sol. Insols. Sol. Insol. Sol. Insol. » of
acid : ¢heese
3903 5-1 303 108 1.7 3.4 09 4.2 087
3945 5.6 34 241 2,0 3.5 1.0 4.5 92
3ce1 540 3¢5 1.6 1.7 344 9 4.2 87
3848 4e7 3e2 16 1.7 3.0 7 . 349 92
3B.5 Be7 Ge3 243 3e3 D3 le4 Ted 1.85 35.0 Sour.
3840 8.8 € 23 Sed 5.6 1.5 Ted 1.68 37.0 Soure
382 84,0 8.8 23 35 5.4 1.5 74 1.63 3640 Fexmented,
38,1 848 645 2el 33 543 13 7ed 1.80 37,0 Souxr.

Te3 13.1 11,0 240 4,0 2.0 3.0 10.2 2e.72 3640 Sour.
375 15-4 10,6 2.8 4,1 0.3 2.7 10.6 2.28 365 Soure
3%7.5 14,2 122 2.0 . 4.0 10,1 27 11.4 . 2439 365 Soure.
309 13.0 10.0 Sl 4.5 8.8 27 10,3 233 3V.5 Sle sour.

‘ 368 16.0 12.9 Sl Sel 11.0 2¢9 13.0 333 36e5 " "
268 16.1 12.9 3e2 5¢0 1l.1 29 13.2 2.83 3%7.0 Fermented.
372 15.8 12.7 3ed 5.0 1047 245 12.4 2478 37.0 Fermented.
3€e8 18.0 12.7 T2 5.1 10.8 Sed 12.5 216 37.0 Sl. sour.
36.1 18.6 14,5 39 8.2 1ll.2 4.4 14.2 5.00 3645 Sl. sour.
3Ced 18.4 1.0 Jed ‘740 1l.8 4,0 14 .4 5.97 37 .0 . Sl. fermented.
3C.7 1845 152 25 7el 1le2 445 14,1 5.55 . 370 LA
352 18.4 4.4 4,0 7.0 1ll.5 4,5 14.0 539 3€.5 S1. soure.
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Bffoct of Adding Varlous Orgenisms Alone or im Combinations
to Pasteurized Milk for laking Cheddar Cheese on the Total
Humber, Froteolytic and Lipolytic Bactorias in the Cheese.

The total counts on beef infusion agar and on tomato juloe ager agreed
very clocoly throughout the ripening periode The most slgnificant differ-
encosg ocourred late in the ripening period and then, with a number of the
ohecse, the counts on besf infusion agar were highor thon the counts on

tomto julco agare. DBeomuse of the close agreement of the counts, the fol=-

loving disoussion deals only with the data obtained on beef infusion agar.

The Humbers of Besoteria per Gram of Cheose Made From Pag-
teurized Milk Inocoulated with Se liquefaciens, an Unidenti-
Microsocous or Bo?;‘ﬁ. .

Té.ble 4 prezcntzc the data from seriles 1 mand 2 on the numbers of total
and proteolytic bacteria per grem of choese at vu.riousv stages during ri-
roening,

With serles 1 the total count on the conbrol cheese ot 3 days of age
wes 1,200,000,000 per grams This number inorcased so that at 14 days and
at 28 days there were 1,800,000,000 bacteria por gram, alter which there
was a decrease to 780,000,000 at 112 days.

The cheece rmmde from the nilk inocculated with S. liquefaciens gave
somevhnt higher counts than the control cheese during the early part of
the rivening periocd, but the count was not significantly different after
the 112 days. This cheeso countained 1,800,000,000 bastoria per gran at
3 days, 4,700,000,000 at 14 days and 720,000,000 efter 112 days of ripen-

ing.
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Vhen the unidentifled Mlsrococcus wags used as the test culture the
numboras of totel baectoria differed only slightly from the conbrol cheose.
The counts wore 1,850,000,000 per gram at § deys, 2,200,000,000 at 28 days
and 840,000,000 after 112 days,

The cheese mde from the milk inooulated with both S, liguolfocileng
and the unidentifled Mierococous conteined more breteria por prem then the
conbrol chesse throughout tho experimental periods Tho mumbers wero
1,680,000,000 poxr grem ab & deys, 3;500,000,000 ct 14 deys, end
1,020,000,000 after 112 duys, This oh’ee;e did not got as high in sobtal
counts cs the okeose made with £, liguefnoiens alone during the sorly purt
of rirening but, alter 112 days of ripening, contained o groetor mumber of
baoterin than eny other ehsose in tho sories.

The contrrol cheese in series 1 contained very few proteolytic bac-
torise The mumber was less than 100 per gram up to tho 14%h days after
thic there was an inorease so thnt thpre wore 2,800, 4,000 and 2,500 por
gronm, rospeotively, at 23, 56 und 112 days. The shoese made with Se lig-
vofocions as the test culture contnined lerge numbers of proteolytio
baoteris at all stoges during riponing. The)z:e were 35,600,000 bocteris
per groem at 3 days, the count lnerewssed to 80,000,000 at 28 days, and
then decronsed to 11,000,000 aftor 112 days of ripeninge The numbers of
proteolytic bacterie per gram of cheese when the wnidentified ISlcrococcus
wos used as the test culture wore much lower then with tho cheese eon-
teining S. liguefmciens, bub higher than with the controls Thore wore
1,000 por gram up to the M’bh' dny, 141,000 at 28 days and 62,000 after

112 deys of ripeninge VWhen woth S, liguefacions and the unidentified

KMicrococcus vers used the mumbers of proteolytic bacteria were 20,000,000
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‘

por gram of cheese at 3 days, 45;000.000 ‘at 28 days and 12,000,000 after
112 days. These counts were in genoral apreoment with those obtained
whon S, liguefaciens alone {rma added to the milk, |

Ls shown by the data in Table 4—,' the total basterial counts on the
cheese in sories 2 did not wary mter:ially from those on the cheese in
sories 1, mlthough there vms less of a tendency tovmrd wmucually high
counts in the choese containing S ligl.xefacions. The control cheecse con-
tained 1,000,000,000 bacteria per pram at 3 days,;z,lzo,ooo,ooo at 14
days‘ and 410,000,000 after 112 days of ripening.

The choese made from millk inoculated wiﬁh S. liquefaoiens gave e bac-
torial count of 1,500,000,000 bacteris per grem at 3 days, 2,250,000,000
at 14 days and 550,900,000 after 112 days; this choeso contained a slight-
ly higher number of bacteria pér grom of chesso throughout the exporimen-
tel porlod than did the control cheese.

Vihen the unidentified Mieroccocus vas used as the test culture, the
total bacterinl oounts were 1,600,000,000 per gr&m at 3 days, 1,850,000,000
at 14 days, a..nd 850,000,000 after 112 days of rivening. .

With both Se liquefaciens and the wnidentified Micrococous used in
the checse, tho total bacterial sounts wore 1,700,000,000 por gram at 3
days, 2,300,000,000 at 14 days end 290,000,000 af'ter 112 daye.

The numbers of protoolytic bacteria in the cheese in sorles 2 were
oonsiderably lower than with the cheese in series 1. In the control
cheese the number was less than 100 per gram of cheose up to 56 days and
was 1,000 per gramat 112 days. The cheeée made with S. liquofaciens con-
tained 23,000,000 proteolytic bactoria per pgrom at >5 days, 46,000,000 at

14 days and 2,480,000 at 112 days. -The ocheese conteining the unidentifioed
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Mlorococcus gave o proteolytlsc bacterin count of 1,000 per gram at 3 days,
18,000 at 28 days end 10,000 at 112 dayss Vhen both Se liquefuciens and
the unidentifiod Mlorocoscus we.c used in the cheese, the numbers of pro-
teolytic bacteria wore 30,000,000 at 3 days, 32,000,000 at 14 days and
2,500,000 at 112 dayse

If a comperlson ic made of the rosults obtained in series 1 and 2 it
is ovident that, vhile thore wore somp varistions in the genoral chenges
in thoe numbers of total bacteria, nevertheless the trends in the two
series wore vory definitely the samc. There was a rapid increase in the
number of bacteria per gram of oheese in the early periode of ripening,
followed by n rapid decroase so that at 28 days the bacterial counts were
about the samoc as at 3 doys and, {inally, there was o slower decrease un-
£11 tho end of the 112 days of ripening. In emoh series, the nmumbers of
proteolytio bacteria in the cheese mde with the tost organisms were

strikingly higher than the muwmbers in the ocombrol cheese,



Teble 4

Numbers of bacteria at various stages of ripening in cheese made with different test org
Series 1

Test organisms added

Age of Eone S. liquefaciens Micrococous Se
cheese Bacteria per gram Bacteria per gram Bacteria per gram —
in Total on Total on _ Total on " —_
deys Beef in~ Tomato Protso~- Beef in- Tomato Proteo- Beef in~ Tomato Proteo~ Be
fusion juice. lytics fusion Juice lytios™ fusion Julce lytics fu
agar*  agar* agar*  agar* azar* agar* a
3 1200000 1160000 100 1300000 1750000 35500 1850000 2000000 1000 16
14 1800000 2200000, 100 4700000 8500000 56000 1800000 2200000 1000 35
28 1800000 2100000 2800 2200000 1800000 80000 2100000 2550000 141000 - 28
58 850000 900000 4000 1200000 1150000 P70 1000000 1200000 50000 12
a2 780000 920000 2500 720000 "~ 700000 11000 840000 780000 62000 10
Serles 2
S 1000000 1200000 100 - 1500000 1700000 23000 1600000 1500000 1000 1
14 2120000 2140000 100 2250000 2330000 46000 1850000 2000000 2100 23
28 1370000 1280000 100 2050000 1150000 41000 1000000 1020000 18000 13¢
56 1000000 1000000 100 1200000 850000 5000 250000 1000000 7000 ot
1z 410000 . 140000 1000 550000 350000 2480 850000 830000 10000 2

* 000 amitted.






Teble 4

cteria at various stages of ripening in cheese made with different test orgenisms.

Series 1

Test organimms sdded

Ss 1iquefaciens
Bactexria per gram

¥derococeus

Bacteria per gram

S. liquefaciens and Micrococous
Bacteria per gram

- Total on Total on Total on .
« - Beef ine Tomato Proteo~ Beef in- Tomato Proteo-~ Beef in-~ Tomato Proteo-
; fusion Julce lyties™ fusion Julce lytics fusion Juice lytica*
agar* agar® agar* agar* agar*
1300000 1750000 35500 1850000 2000000 1000 1650000 2000000 20000
4700000 8500000 56000 1800000 2200000 1000 3500000 3800000 43000
2200000 1800000 800C0 2100000 2550000 141000 2200000 1950000 45000
1200000 1150000 7770 1000000 1200000 50000 1200000 1600000 5500
720000 700000 11000 840000 780000 62000 "~ 1020000 520000 12000
Series 2
1500000 1700000 23000 1600000 1500000 1000 1700000 1800000 30000
2250000 2330000 46000 1850000 2000000 2100 2300000 2380000 32000
2050000 1150000 41000 1000000 1020000 18000 1280000 1280000 31000
1200000 850000 5000 950000 1000000 7000 900000 850000 9000
550000 350000 2480 850000 630000 10000 350000 2500

230000

99
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Tho Numbers of Bactoria per Gram of Choese Mado From Pas-
tourized Milk Inooulated with en Inert Lipolytic Orgenism,
Pse fragl or a Lipolytic Acid Forming Orgonism.

The date from series 3 and 4 on the numbers of total and lipolytio
bactoria per gram of cheese at wvarious periods during ripening arc given
in Toble b.

The total count on the control choese in series 3 at 3 days of age
wag 2,0800,000,000 bacteria per gram, after vwhich there wms a decrenase to
800,000,000 at 112 days,

In the oheese made from the milk inoculated wilth the inert lipoly=
tic organism the numbers of total broteria differed only elightly from
the control cheesos The count vas 2,800,000,000 per gram at 3 dayss this
was followed by a reduction in numbers to 620,000,000 at 112 days.

Vhen Pge fragl was used as the test organism the numbers of total
bacteria were slightly highor thon in the control cheess early in the ri-
Poning perlod and lower late in the ripening period., The highost count
of 3,000,000,000 bactoria per gram wus obinined when the chesse was 3
days of age; this was followed by o steady decrease so thal there were
only 600,000,000 per gram at 112 days.

The oheese mnde from the milk inooulated with the lipolytio acid
forming organism wes lower in bacterial counts than the control oheese.
The counts were 1,000,000,000 per gram at 3 days, 1,500,000,000 at 14 days
and 330,000,000 et 112 days.

The control choese in series 3 combtained less than 100 lipolytile
baoteria per gram at all stages throughout the ripening period. The
cheese made with the inert lipolytle orpanism also contained less than
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100 iipolytic baoctorla per gram of checse during the first 28 days of ri-
penings the count thon inoreased to 1,000 per gram at 56 days and de=
cronsed to less than 100 per grom at 112 days. Then Ps. fragl wns used cos

the tost culbure the number of lipolytic buctoria wes 4,000 por gram at §

-Cayse There wusz then an inorease to 23,000 per gram at 56 days end a de-

orease to 5,000 lipolytic baoterie per gram at 112 days. When the
lipolytic acid foming organism was used as the test culture, tho number
of lipolytic bacteria per gram wacs mucsh greater than in any of tho other
cheese in series 3. At 3 days thoe oount was 22,000 por gram; this wms
followed by en increase to 100,000 per gram at 56 days and then a decrease
to 1,000 per grem after 112 doys of ripening.

The first thrse oheese in serles 3, that 1s, tho control cheeso and
the cheose made with the test oulture, inert lipolytiec organiem and Ps.
fragi, started out with high total counts, followed by & steady deorease
until the end of the ripening period, while the checse made with the
lipolybic acid forming organism increused in “total eount up to the 1l4th
day and then deoroased in total sount until the end of the ripening pe-
riod. |

The becterial eounts in tﬁe cheocse at 3 days were much lowor in
gorles 4' than in series 3, excopt when the lipolytie aoid former was used
as the tost culture. In gemeral, all the oheecse in series 4 showed a
large inorense in bacterial counts during the first 14 days, followed by
8 steady deocrease in baoterial counbs during the balance of the ripening
period. At 3 days the control chesse contained 1,300,000,000 bactoria
per grem; this mumber inerecsed to 2,300,000,000 at 14 days and then de-

ereaged to 600,000,000 at 112 days.
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The choese made from the milk inoeulated with the inert lipolytic
organ;lsm gavo booterial counts of 1,200,000,000 por gram at 3 days,
1,350,000,000 at 14 days and 780,000,000 af'ter 1i2 dsys of ripening.

¥hen Pse fragl wes used as the tost culture, the total baoterial
counts were 1,000,000,000 per gram at 3 days, 2,750,000,000 at 14 days
and 820,000,000 :;.i‘ber ripening 112 dayse.

With the lipolytic ncid forming orgonism used in the chesso the Ho-
tal beotorial dounts were 1,000,000,000 por gram at 3 days, 2,000,000,000
at 14 days end 580,000 at 112 cdoys.

The comtrol cheese in sories 4 contnined less than 100 lipolytic
bacterin per gram at 3 days. At 14 days the csount was 1,00C per gran,
after which it decreased %o less than LU0 per pram et 28 daya and romined
loss than 100_1ipolytio bacteria per granm during the romminder of 'bixe ri-
pening period. When the inert lipolybio organlism was used, the nunbers of
lipolytic organisms por gram of cheese wore 4,000 et 3 days, 61,000 at 14
deys and less than 100 gf;t;or 112 days of ripening. The choose made from
milk inoonlated with Ps, fragi contained 16,000 lipolytic baoteria per
gran ot 3 days, 73,000 at 14 days, and less than 100 per gram after 112

days of riponing, When the lipolytic scid forming organism wes usod as
the to'st qultgre the numbers of lipolytic bacterla per gram wore 16,000
at 3 daye, 73,000 at 14 days and less then 100 por gram at 112 days.

A comparison of the results obtained on serice 3 and 4 shows that
there wore considerable veriatlons in the total bacterial sounts on the
cheeso from the two series during ’chq early stages of ripening. After 112

doys of ripening, the wvarlations in bacterial counts on the cheess from
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the two porics did mot show any significant varistions., In genoral, the
ohoesb made with the lipolytio aocid foming organism gave a slightly lov=
or total baotericl count after 112 days than did the other cheeso in the
two seriles, while thore wero no material variations in the total counts

on the other three cheese in cach sories., Usually there was a rapid in-
eroase in tho total counts during the early poriod of ripening followed

by o rapid docremse for a short porloed of time, the deorcase then heoame

more gradual, Vhen the lipolytio orgenisms were used as the test cule

tures, the lipeolytiec counts were usuelly high during the early stapges, but

nearly elwys less then 100 per grom after 112 days of ripening.

B



Table 5

Tumbers of bacteria at various stages of ripening in cheese mads with different test o
Series 3

Tost organigms added

Age of Kone Inert lipolytic (No. 18) Pse L
cheese Bacteria per gram Bacteria per granm Bacteria per aram -
in Total on Total on Total on -
days Beef in- Tomato Boef in=- Tomato : Beef in- Tamato B
fusion Juice Lipolytics fusion Juice Lipolytiea fusion Juice Iipolytica
agar* agar¥ agar® agar* i
3 2500000 2850000 100 2800000 2350000 100 3000000 3750000 4000 1
14 2250000 1500000 100 1350000 1750000 100 £900000 3160000 12000 1
28 1750000 1900000 100 1500000 1260000 100 1300000 1000000 21000 X
56 1600000 1500000 100 1300000 1200000 10000 1000000 800000 23000 {
il 800000 420000 0 620000 440000 100 800000 360000 5000 !
Series 4
3 1300000 900000 100 1200000 800000 4000 1000000 850000 18000 1
1 2300000 1250000 1000 1350000 1000000 51000 2750000 2800000 73000 2
28 1200000 1300000 100 1000000 900000 50000 2500000 1300000 67000 b Y.
56 600000 840000 100 440600 880000 2000 800000 840000 9000 §
112 600000 420000 100 780000 100 820000 350000 100 {

570000

* 000 omitted.






of bacteria at various stages of ripening in chesse made with different test organisms.

Table S

Series 3

Teat organisms added

Tnert lipolytic (Nos 18)
Bacteria per gram

Ps. fragl

Bacteria per gram

Lipolytic acid fomer (No. 12)
Bacteria per gram

Total on Total on Total on
Beef in- Tomato : ‘Beef in~ Tomato Beef in- Tomato
ytica  fusion Juice Lipolyties fusion Juice Lipaolytics  fusion Juice Lipolyties
agar® agar* agar* agar* agar* agar*

100 2800000 2350000 100 3000000 3750000 4000 1000000 1750000 22000
100 1350000 1750000 100 2900000 3100000 12000 1500000 1350000 47000
100 1500000 1260000 _100 1300000 1000000 21000 1300000 1300000 80000
100 1300000 1200000 10000 1000000 800000 23000 900000 750000 100000

0 620000 440000 100 800000 360000 5000 330000 . 480000 1000

Series 4

100 1200000 800000 4000 1000000 880000 18000 100C000 800000 18000
000 1350000 1000000 §1.000 2750000 2800000 73000 2000000 1500000 73000
100 1000000 900000 50000 2500000 1300000 67000 1800000 1200000 67000
100 440G00 880000 2000 800000 840000 8000 890000 720000 8000
100 780000 570000 100 820000 350000 100 580000 200000 100
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The MNumbers of Bacteria per Gram of Cheose Inde from Page
tourized Milk Inocoulated with Ps. fluorescens, Je viscosus

or _A_._ 1im1ﬁiomn.

Table 6 presents tho rosulis from series 5§ and 6 on the numbers of
total ond lipolytic bacteria per grem of cheose at wnrious stages in the
ripening.

The totnl counts on the control oheese in seriles 5 were 1,000,000,000
bacterin per gram at 3 days of age, 2,000,000,000 at 28 days and then
there wes a desrease to 1,100,000,000 per gram efter 112 days of ripen-

ing.
The cheose mado from the milk inooculated with Ps. {fluorescens as the

test culture csontained 700,000,000 bacterla per gram at 3 days,
3,500,000,000 at 14 days, aml then deoresmsed to 600,000,000 per gram af-
ter 112 days of ripening. At 14 or 28 deys of age the control cheese was
much lower in totml count than the choese mede with the test organism,
vhile at 3 days or 112 days it was higher in total cownta than the cheese
oontaining the toest orgenilem.

Yhen A, viscosus was used ac the teat culture the total numbers of
'ba.ctaria were 2,500,000,000 et 3 days, 3,400,000,000 at 14 days and
580,000,000 at 112 days., The cheese made with this orpanism wos conesidw
erably higher in totel numbers of baocteria per grom than the control
cheese during the flrst part of ripening but wms lower efter 112 days.

The cheese made from milk inooulated with A, lipolyticum was higher
in total becbtorial counbs during the first 14 days, and lower after 112
deys, than the control choese. The bacterial sounts of the cheese made

with A, lipolytioum were 2,000,000,000 per gram at 3 days of age, this
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number deoreased to 200,000,000 after 112 days.

The oontrol cheese from geries § contained lece than 100 lipolytic
bacteria per gram at all stages during ripening. The chesse made with Pse
fluoreccens gave a lipolytic count of less than 100 por gram st 3 doys;
the count then inoreased to 60,000 per gram at 56 days and finally de-
orenged to loss than 100 per gram at 112 daye. Vhen Ao viscosus wms usod
as the toot organism there were 65,000 lipolytioc bacteria per gram of
chesce at 3 days, 110,000 per gram at 14 days and 1,000 per grem at 112
doys. The choosce made with A, lipolybicum gave e lipolytic count of less
than 100 per grem during the first 14 days, 100 per gram up to 56 days
and 2,000 per grom after 112 days of ripening,.

The totel bacterial ocounts in series 6 waried considerablj from the
ocounte in sories 6., There was a bendency for the tobtal sounts to be low-
or in serleos 6 than in serles 5, especially during the latter part of the
ripening yperlod. At 3 days of o.ge"cho control cheese contained
1,000,000,000 bacteria per gram; this mumber inercased to 2,300,000,000
at 14 days and then deoreased to 190,000,000 after 112 days.

The cheecse mnde with Ps, fluorescens ac the test organism contained

1,200,000,000 bacterin por gream at 3 days of age, 4,000,000,000 per gram
at 14 days end 430,000,000 at 112 days.

Vhen A. visoosus vas used as the test oulture the total beoterial
counts were 950,000,000 per gram a.'b 3 daysa, 1,500,000,000 at 14 days and
270,000,000 at 112 doys.

The oheesc made from the milk inocoulated with A. lipolytioun gave
bacterial counts of 1,300,000,000 per gram at 3 days, 2,100,000,000 at 14
days and 110,000,000 after 112 days of ripening,
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The nmunber of lipolytic bacteria in the control choeso was leses than
100 per gram at 3 days of age; there was an Inereanse to 1,000 por gram et
14 days and then a desrease to less than 100 per grom at 56 days., The

chesse made with Ps. fluorescens as the test organism gave lipolytic

counts of 7,000 per gram at 3 days, 17,000 at 14 days and then decroesed
to less than 100 per gram at 112 deyse Vhhen A, viscosus woz used the
mmbers of lipolytic baoteria were 8,500 per grem at 3 days, 31,000 at
28 days and less than 100 per gram at 112 days. With Ao 1ip_qlﬂiomn ns
the tost orgenism the numbers of lipolytie bacterie wors 10,000 per gram
at 3 days, 21,000 at 28 deys and less than 100 per gram afber 112 days
of ripening.

A comparlison of the results obtained in serlos 5 and G shows that
there werc considerable differences in the total basterial sounts in the
two serles during the early stages of ripening, especially in the cheeose
m.de with the test cultures. There wms also considerable wariation dur-
ing the lattor part of ripening, the total bactorial countsc being lower
on the choese in seriocs 6 than on the cheese in series 5, The highest
total counts obtained in the two sories wero on cheose made with FPoo
fluorescens.

In general, the number of lipolytic bacteria 4in the cheese inoccula-
ted with the tost oultures gave relatiwely high lipolytic ecounts during
the first half of the ripening period, but usunlly contained less than

100 lipolytic baoteria per gram of cheese after 112 days of ripening.



Table 6

Kumbers of bacteria at various steges of ripening in cheese made with different test organiam
Sexries B

Test organisms added

Age of None Pa. fluorescens A+ viscosus

aheess Bacterla per gram Bacteria per granm Bacteria per zram
in Total on Total on ' Total on !
days Beef in- Tomato : Beeof in~ Tomate Beef in~ Tomato Beof
fusion Juice Lipolytics fusion jules Lipolytics fusion Juice Lipolyties  fusi
agaxr* agar™ agar* agar* agar* agar* ; ags
3 1000000 950000 0 700000 750000 0 2500000 2000000 65000 20001
14 1000000 1000000 0 3500000 2900000 16000 3400000 4000000 110000 16001
28 2000000 1500000 0 3200000 2700000 20000 2800000 3000000 - 80000 19001
56 1880000 1310000 0 1650000 1140000 60000 1300000 840000 14000 1260
112 1100000 240000 0 600000 600000 100 580000 450000 1000 200

Series 6

3 1000000 850000 100 1200000 1000000 7000 950000 750000 8500 1300
14 2300000 1400000 1000 4000000 2000000 17000 1500000 1500000 20000 2100
28 1520000 290000 1000 1000000 1100000 "~ 16000 790000 550000 31000 720
56 400000 300000 100 560000 840000 15000, 780000 750000 26000 800

112 190000 180000 100 430000 470000 100 270000 240000 100 110

¥ 000 omitted,






Table &

' bacteria at various steges of ripening in cheese made with different test organisms.
Series 5 ,

Tost organisma added

Ps. Tluorescens Ae Viscosus A. lipolyticum
Bacteria per gram Bacteria per gram Bacteria per gram
Total on Total on Total on
Beef in- Tamato - Beef in~ Tomato Beef in- Tomato
nytics fusion Juice Lipolyties fusion Julee Lipolytics fusgion Juice Lipolytics
agar* agar™ agar* agar* agar* agar* &
o 700000 750000 0 2500000 2000000 65000 2000000 2100000 0
0 3500000 2000000 18000 3400000 4000000 - 110000 1600000 1500000 0
o 3200000 2700000 20000 2800000 3000000 80000 1900000 1300000 0
0 1850000 1140000 60000 1300000 840000 14000 1260000 880000 0
0 600000 600000 100 580000 430000 1000 200000 220000 2000
Series 6
100 - 1200000 1000000 7000 950000 750000 8500 1300000 950000 10000
.000 4000000 2000000 17000 1500000 1500000 20000 2100000 1500000 13000
.000 1000000 1100000 168000 790000 550000 - 31000 720000 600000 21000 -
100 560000 840000 15000 780000 750000 26000 800000 320000 21000

100 430000 470000 100 270000 240000 100 . 110000 120000 100
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Acid Value of Fat of Chessge Made With Differont Cultures,.

The coid valuss of the fat of tho oxporimental ohoese woro determined
et various stages of riponing in an attempt to obtain information on the
factors influencixy; the acldity of the fat ia Cheddar ochecce. The walues
wero expressed as millilitors of /10 sodium hydroxide required o neu-
tralize 20 grans of tho fotes The data cre presented in Tehle 7.

Wth serice 1 and 2 the weld walues were deleimived only citer 56 and
112 dayse Thore wuze an incronse in the ncid wzlues from one exerination
to the next with each of the cheose in these two soriss. T general, the
variations in tho acid values for the different chesse in such sorlos vere
grell end the varlstions bstween ftho acid wvoalue of the conbrol chesso and
thogse of the chescse containing the test organisms were tos smali to be of
significance. The choose ia serles 1 had slightly highor uoid values
than the cheese in seriss 2, both with the control cheese and with the
checse con‘be.ining test organlsme. In sories 2 the varintions in thé acld
values wore groater them in the other sorilese, 1ith serios 2 the highost
acid value of 50 mle wns obtaimod on the cheese containing Ss liguefa-
olens, the lowest acid value of 4.0 mls was obtained on the choose made
with S. liguefeoiens and the Mlorococcus, while velues of 4.4 mls end 440
mls, respectively, wore obtained on the control cheese, aud *he cheese
made with the unideatified Micrococouss

With series § to €, inclusive, the acild wvolues were deternined ot
each examination of the cheesp. In general, there wms an increase in acid
value during the ripening for eash of the cheese ptudied.

There was some variaction in the aneid values of the fat from the
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cheese in series 3. The control cheose and the cheese made with the inort
lipolytic organism and Pgs frapi as test oultures did not show much varia-
tions with ouch thore was a smll end mther regular inocrense in the aecid
wlues from tho 3nd to the 112th day of ripening. The chesse made with
the lipolytic acid forming orgenism showed the nreatest inorcace in the
acid valuo of any of the ohnese in gerles 3. With this scries the highost
aoild volue of 5.7 ml, was obfained on the chonge mads with the lipolytie
acld forming orpganisn, the lowsst welve of 4.2 ml., wno obiained on the
gontrol cheecc, vhile the chaese made with the *..nart linolytic orsenisn
and Pse frogi pave acid veluos of 4,7 mle and 2.9 nl,, foayeowm"'f.

The neid values in sories 4 chowed somo wnviation from thoass in se-
ries 3, both with the control chuese and with the choese conbaining tho
test orzamims. In genorsl, the cherss In zerios 4 were lovor in acid
volues than the cheoso in surics 3, Tath the formow zovier the wmriations
in the seid valuos on tho control chesse and the chease mde with the in-
ert lipolytic organiem end Pse fragi wero tos swell to bo of eny slgnifi-
eance even afbter 112 days of ripening, The cheese mede with the lipolytie
a0id forming organism was slightly higher in acid value thon the control
checse, but tho variation is probably of littlo impertance,

The greatest varistions in the acild valuc‘:-rl of tho ohsese fat oo~
curred in sorlos § and 64 In serles 5 the wrintions wore small dux;ing
the first 6C days of riponing, 'ﬂf-bor this theore were cvnsiderable in-
creases in tho mold walues wilth the checse containing the test orpenisns
while thers was no inerease with the control chevse. Aftoer 112 days of
ripening the highcst acld vlue of 647 mle wEs obiained on the ohcase

containing Ps. fluorescons and also on the cheess conbtaining A. viscosus,
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while cold values of 6544 mle and 4.3 mle, rcspectively, were obtained on
the cheese made with A. lipolytloum and on the control cheese.

The greatost differences in the sold wvalues of the fat from the
cheese oacurred in series 6. Vhile the warlations were very smll during
the first helf of the ripening period, they wore wvery moticomble after
1i2 days of ripenings The control chocse wns the lowest in the series,

with an acid value of 4.0 ml., the choese mde with Ps. fluoroscons was

high with o value of 7.8 ml., while the cheose made with A. viscosus and
Ao 11221y_t_:ioum as tho test cultures nd =zold values of 5.5 and 5.8 ml.,
regpocstively,.

From tho data presented 1t is ovident that the aoid walues of the
fat in the cheese vere not materially influenoed by S liquefaciens, the
Miorooocous, the inert lipblybic organism, or Ps. fregi, vrh_ile the lipo-

lytic aold forming organism, Ps. fluorescens, A. viscosus and A. lipoly-

ticum tended Yo inerense the acld wnlue of the fat in tho cheece.



Table 7

Acid waluaes on fat of cheese made with different caultures.

Series and (mle of N/10 NaOH required to neutralize 20 grams of fat a ftor)
number of - Test culture used* 3 14 28 56 112
cheese days days days days days
1=-1 Control cheese 4,1 Be2
1=2 Se l3quefaciens : 442 543 :
1=3 ‘Herococous 4,0 449 *
1=t ligquefaciens, Mierocoeccus 442 S5e3 l
25 ) mm% cheese Bel 4.2 |
2=2 Se liguefaciens 440 540 ‘,
23 maroooecua 3¢9 4,8
2ol ]E._iguei’aciens! Hicrococous 35 4,0
S ontrol ¢ S Ged Seb L0 £e2
32 Tnert lipolytic (Hoe 18) 3.0 345 4,1 4,5 447 s
3= Pge fragi 340 348 448 449 449
Bed Yipolytic acil former (lo, 12) 248 3.4 446 445 547
4= Control oheese 30 Se0 Sel " Bed a8
L Inert lipolytie (No. 18) 2e7 3.1 349 4,1 4,1
43 Pse fragi 248 Sed 44,0 4,0 4¢3
4ol Tipclytic acid former (Ho, 12) 3.3 3¢9 4,8 5,0 449
5% Control choose P 3ol Z.3 r. 3 983
5=2 Pg, fluorescens 28 33 445 5e2 4
5m=3 Ae Visoosug 248 3e3 441 44d Ge7
5=d rg E’I_I%?%am 2¢9 345 441 4,3 Sed
' 01 choose Zed | 345 P 1,0 20
G2 Pg, fluorescens 2e7 Je 440 4,3 78
6=3 §_._ Yi8C008us 249 TeD 4,2 4,4 De¢5
Gl Z, Tipolivticun 349 3.6 4,1 546 5e8

“Jutter eulture (122) and L, essei {14) were used in 21l cheese,
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Percentoge of the Total Flora imde Up of Laotobacilli at Various
Times During the Making and Ripeming of the Chesso,

The work of werious Investigators has shown the importanse of lacto-
bacilli in the flore of Cheddar cheess. An atbempt wams mpdo to got a gen=-
eral idee of the prominence of thoso organisms in the experimental choose
made from pesteurlzed milk sinoe a culturo of L. casel vas rogularly added
to the milk, The genowral procedurs usod was to mnke mioroscopic cxaming=
tions at warious timps during the malking and ripening proocoss. Slidos wore
prepairod of tho orliginal pasteurized milk, of the millk afber the culturos
had beon added and of the ripenod millke Thegs olides wore mude by spreode
ing e drop of" nilk over o portion of a clean glavs ¢lide wnd wlloving it to
dry, After cubting the curd and wn®ll Lhe curd wms toc toush to permit
it, the cglides were yropared by plecing a smll piloce of curd betweon two
olean pless slides, squeeging it into o thin layer and drying. After the
ourd had become toc tough to use in the preparation of a slideo, a smell
amount of serum was squeezod out of the curd, spread on o slide, and drled.
Choaso cerum was used for the proparation of the slides aftor the choese
had been preased; the slldes wure proparéd by plecing a drop of cheeso
serum cn & olean slide, spreading, and dryinge The prepared slides wore
stained with nethylene blue and exomined wnder the microscope. The lac-
tobacilll wero distinguishod on the basls of general morphology only;
while this procedure ic not entirely satisfuctory, the appearance of Lac-
tobacilli in milk end Cheddar cheese is sufficiently charseteristic so
that useful informtion can be obbained on the basis of morphology alone,
The lLactobaoilli and total bacterin in a nuuber of fields wore counted and

the percontage of the total flora made up of Lactobacilli wme caloulsted.

W
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The data obtained are presoentoed in Table 8.

In no case did the miocrozcopic examination reveal the presonco of Lace-
tobaollli in the pastourized milke This does not mean there were no
Lactobacilll present in the milk, but rather thai “qhe munmber was 30 small
the finding of them wac prastlcally imposziblo.

I» genorzl, there vms o sell inorense ln the percentope of Laotoba~
cillus preseat from the time the culturo w.s added to the pustourized miik
until the ¢hooso wac prossod, This was followod by an incrococo during the
ripening of tho checso 350 “hat afber 28 days approximetely 60 per cent of
the bactorial {lora of the ohoese serw: was mde up of Lactobacilli.

Yith serdes 1 and 2 tho conegplousus lucreaso in the ILactobacilli oo~
curred botwoon tho 14th and 28t¢h day. With series § and 4 the striking
inoreasc was bebwoon the 3rd and the l4th day, while with series § it wms
during the first $ days, und with‘series 6 betweon the l4th and 25th day.

The Laghobasilli prosent in the choese aftor 112 days of ripening usu-

ally made up about 90 per cent of the total numbor of bacterie presonts



Table 8

Percentoge of the totel florsa made up of lactobacilli at warious steges during the making and
, ripening of the cheese.

Series : )
and Per cont of the total orgenisms represented by lactobacilli in the
number .
of jﬁ.lk Curd Cheose
cheese ' After  Alter - TAE . & & Ak At
Original adding Tipening At At At At 3 14 28 56 112
oulture tho milk ocubting dipping milling pressing Days Days Days Days Days
1-1 o} 2 1,5 2 2 4 6 8 11 50 73 93
1-2 0 1 1 1 2.5 3 5 6 9 52 77 90
1=3 o 1 1 1 3 2 3 ] 11 50 71 89
1-4 0 1 1 2 2 3 2,5 5 10 47,5 72 88
2=1 0 1 1 1 5 5 6 7 10 47 74 91
2«2 0 1 1 1.5 1 3 3 6 7 53 77 92
2-3 0 o5 1. 3 3 5 4 7 ] 57 68 93
2wd 0 o5 2 2 2 3 4 6 8 52 62 B89
F=1 0 «5 1 1 1.5 1 3 6 37 51 65 o1
3-2 0 1 1 1 2 2 3 7 28 50 77 90
B3 o) 1 1 1 3 2 4 8 40 52 69 95
Sud 0 1 1 2 2 2 245 7 2 53 73 92
r. e § [3] 0 T P 2 Z 5 5 %0 50 65 91
4m2 0 0 1 1 3 3 4 6 27 40 80 89
4-3 o 0 1 1 2 3 5 6 30 52 62 90
4ed 0 ¢ 2 1 2 3 5 7 32 45 58 92
5=1 0 ) 2 2 4 6 5 20 29 45 68 91
5=2 0 1 1 2 2 5 10 14 25 50 69 93,5
5=3 0 2 1 2 3 6 12 21 27 52 58 93
Bwd 0 1 2 3 5 5 10 23 30 50 64 89
6=1 0 T 2 2 2 6 B g 12 49 75 o1
6-2 0 o} 1 1 3 4 5 10 13 53 69 88,5
6~3 0 1 1 3 2 5 6 9 11 51 67 89,5
6=4 0 0 2 2 1 6 6 8 17 48 67 91

28
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DISCUSSION OF DNBSULTS

The results obtained on the conmtrol cheeose agresd in gemeral with those
roported by Lano and Tammer (58); the flavor scores were slightly lox;rer, ‘the
total nitrogen about the somo and the a;n:lno nitropgon slightly higher. Thore
was a tondenoy for a sour flavor to devolop in the choese inooulated with
Le ocasei (L4) regardless of the moisturce content or method used in tho manue
facture of the cheeses This rosult agrees with the fimdinge of Ivens,
Hastings and Hart (26).

The addition of S. liquofacicns, the unidentified Mlorocooccus or both
of these tost cultures did not materially incronce the protoin decomposition
in the choeso. Vhile both cultures are proteolytic and were present in the
cheese throughout the experimsntal period in rather large numbers, the ro=-
sults do not indiente that elther of these orpaniems wns of great imporiance
as far as tho protein decumposition wms concernsd, This result is similar
to that obtained by Russell (74). The addition of those organisme definitee
ly incroased the flavor score of the resulting cheese, which agrses with the
results obbained by Lane (56).

The test orgenisms used in seriocs 3, 4, 5 and 6 werc all lipolytic or-
~ geunisma., The imert lipolytio orgenisms when used did not influonce the
flovor score of the resulting choesse but did inoroase the protein deoom-
position o{ the checse as measured by the nitrogen content of the cheese
serum, _1?2._ f_r_s_\_{s_ﬂ; and the lipolytic aoid forming orpanism both decreased

the flavor scores of tho resulting eheese but had no mterial influonce on

the protein decomposition in the cheese. Ps. fluorcscens, A. viscosus and
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Ae lipolyticum vhon used us the test orgenisms had no influonce on the fla-
vor developmont or on the protoln decomposition in the resulting ohecse,

Collins end Hammer (18) found that somo of there organisms, Pse fragl, Ps.

flnoroscens and As lipolyticum when introdused into buttor produced & ran-
ocld flavor in o short time. Thore wos no evidence of o rancid flavor, howe
aver, ln any of the chedse mdoe with any one of the lipolytic tost organisms.

The protoolytic beoterin, that is, 8. liquofrolons and the Mierococcus,
were precont in fairly large numbers in the oheese after 112 days of ripen=-
" ing. This doos not agree with tho findinge of Russell (75) who stated that
in the ripening of cheese tho peptonizing or casein digesting bactoria are
quickly eliminatod; nor with Haotings, Evans end Tart (45) vho roported
that while liguofying end inert bacteria were always proscmt in nilk in
smell numbers, there wne no evidense that growth of those orponisms ever
oueurred during the ripening process of the cheese,

The lipolytio cultures used in these exporiments all incressed greatly
in numbers in the chesse during the eafly agtages of riponing, and vere al=
wys prosent, although in small numbers, after 112 days. Theso rosults are
similar to those obtained by Collins and Hammer (18), who worked with some
of the same lipolytic orgenisms in butter. The rancid flavor developed by
theso organisms in butter did not devolop in the oheese,.

The acid value of the fot from the experimental oheoge wre materially
affeoted by the tost organisms useds Vhen tho tost cultures of Ps, fluo-

roscens, A viscosus, Ae lipolyticum or the lipolytlc acid forming orgenism

were used thore was o material lnorease in the acid values of the fat in
the oheose, The inorease in tho acid walues, however, did not socom to pro-

duce eny off flavor or influence the flavor score to any appreciable extent
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in the oheese.

The microscopic examination showed thet as the cheese ripened theors
wes o gradual ohange in the bacterial flora. In the early stages the Lao-
tobacillus made up a very small porcentago of the total number of organiems
presente This condition gradually ohanged so that after the cheese had
ripened 112 doys the percentage of Lactobacillus was uéually around 90 per
cent of the total flora in tho cheese. Thesce results apree with thoss re-
ported by Ewans, Hastings and Hart (28), who reported that there was a
rapid inorease in Laotobameilli during ripening followed by a rapid decrease

in the numbers of S. lacotis,
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SUMMARY AND CONCLUSIONS

The work roported involved a study of the effect of cortain bacteria
on the ripening of Cheddar cheese mde from pnsteurized milk, All the ex-
perimental choese vore compared with control cheose made by adding a pure
culture of L. oagel (14) and o butbter oulture (122) to the pasteurized
millk, boceuse, nccording to the vork of Lene and Tnmmer (68), the addition
of cortaln straing of L. casel to mstourized milk used for making Cheddar
choese appeared to. have o desirable effect on the nitrogenous decomposi-
tion, the flavor dowvolopment and the wniformity of tho resulting chososos
These oultures wore 2lso used in the milk incoulamted with the various tost
organisna.

1. Within the limits of the study, ac imposed by the numbers of
cheose made and the soops of the chomileal anelysls, the inocculation of small
amounts of milk culiures of the teost orgenisms into the posteurized milk
appeared to have the following effects on the resulting cheese:

ae Se liguofaciens improved the flavor of the resultlng cheese
but did not matorially influcnco the nitrogen in the cheose,

b. 4An wnidentified Hlorococcus improved the flovor of the ro=-
sulting cheecso but did not materially influence the nitrogen decom-
position in the ohsose,.

ce ‘hen both S, liguefacions and the unidentified Miorococous
wore added to the milk the {flavor was Improved and there was a smell

incrense in the tolal nitrogen in the cheese serum.
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de An inert lipolytic organism (No. 18) did not influonce the
finvor development but ineronsed tho total nikrogen in the chesse sow
rume

e, Ps. fragi decreased the flavor score of the resulting checse,
but did nqt materinlly Influence the nitrogenous decomposition in the
cheosc.

fo The lipolytic aoid forming orgmniesm (No. 12) dooreased the
flavor score of the resulting cheese, but did not influonce the ni-
trogenous deoomposition in the cheoose. '

g+ Pse fluorcsecns did mot materially affect the flavor score

or tho altrogenous deoomposition in tho resulting checso.

he As viscogcug did not alfect the flavor scors or the nitroge-
noug decomposition of the resulting cheose.

i. 2. lipolytioum did not affeot the {levor score or tho ni-
trogenous decomposlition of the resulting cheess,

2+ The total baaterinl counts on the sheese, as debernmined with beof
infusion epgar, agreod olosoly throughout the entire ripening poriod with
the counts as determinoed on tometo juloce agnr, rogardloss of tho culturos
uced in making the choose.

3« Tn general, the mmbor of bacteoria per gram of cheese was hithost
gt 14 days; the maximum count was followed by a rapid decroase o the 28%th
day and then by o slower bub sj:eady doeroase to the 112th day of ripening.

4, The choese made from mill inoculated with the proteolytic test
organisms were strikingly higher in numbers of protoolytic baclteria than
the control cheese, '

6o The oheese made from milk inoculated with lipolytic test orgunisms
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were noarly alwmys high in numbers of lipolytic organisms during the first
half of the ripening poerloed, after which tho numbers decrsased so that at
the end of 112 days there wore only a fow prosent.

6¢ The ncid velues of the fut of the cheese wore moterially increased
when the followlng test or};cmisma wore used: The lipolytic ccid foming

orgonism (No. 12), Ps. fluoresoens, Ae viscogus and As ligoly_ticum. The

following tost organisms did not materislly affoct the aeid values: Se
1igggfaciens, the unidentified lHderocoocus and the inert lipolytic orpanism
(o 18)

7. Laotobacilli made up only o omall porcontage of the flors of the
very youry; checse but as the. ripeaninp progrossed the flors changed so that,
after 112 days, about 90 per cent of the bacleria in the chosse werc Lacto-

bacillie
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