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INTBGDUFTIOH

In recent years, the use of pasteurized milk for cheese
meking hes made necessary the use of_ starters of lactiec acid »ro-
ducing organisuns rpr the nurnose of wnroducing lactic acid during
the manufacturing nrocess. This has besen accormlished by the
adﬂ_ition of commercial cheese starters usually considered to be
comnosed of Strentococcus lactis i;.th the associated orcanisms
Strentococeus citrovorous and Strentococcus paracitrovorous.

Difficulty has been encountered in mary instences with ncor
gcid nroduction in the ehaesa‘ during the manufecture. This cone
dition usually resulted in a noor vat of cheese, which when sold
on the market, was usually nenalized in »rice for 1ts inferior
quality. This slowness in scid nroduction may have been caused
by noor handling of the starter or contamination af the starter
with bacteriorhage which caused lysis of the becteriea.

Besides acid nroduction the nroblem of the nroner dsvelon-
ment flaver in cheese made from nasteurized milk is immortant,
Difficulty was encountered in develoning characteristic checdar
cheese flavor in cheese made from pasteurized milk, This wes
thought to be caused by the killing by nasteurization of the Lacto-
bacillus organisms, which have been considered by many to be resnmonse
ible for the characteristic cheddar cheese flavor.

The nossible answer to both the nroblem of acid nroduction
and the develonment of flavor during curing theoretically might
be the use of & strong laetic acid nroducing Lactobacillus organ-
ism which nrobably would not be subject to attack by bacterionhage
as easily as ordinary starter organisms,



REVIEW OF LITERATURE

Pasteurization of milk intended for cheese manufeeture
has become & desirable practice in recent years. Freidel (9)

reviewed the nost-war nicture of cheese making and foun@ that

the cheese industry was graduelly changing from raw to pasteurized
milk for cheese making. He nointed out that the war brought esbout

an entirely new asvect in the nrogram of rnesteurizing milk for

cheese,

owing to the cccurence of outbreaks of diseases attributed

to the comsumntion of fresh, raw milk checese., He called attention

to the fact, however, that the objJection to nasteurized milk cheese

was that it did not cure as quickly and did net develop the charse-
teristic flavor of raw milk cheese,

Wilster (20) listed several esdvantages of the menufacture of

cheddar
1.

£,

S

4.

£,

6
7.

cheese from nasteurized milk, The advantages are:
Pathogenic bacteria eausing_disease in man, if nresent in
the nilk, are destroyed by nroner nasteurizstion.,

Gas nroducing bacteria and other undesirable bacteria

are either destroyed or greatly reduced in number,

There is much better control of the manufacturing »nrocedure,
especially with respect to the control of acid and moisture,
The cured cheese is generally of & better flavor than when
rew milk is used. :

The cheese can generally be rimened at & higher temmersa-
ture than can raw milk cheese.

The cheese is uniform from day to day.

The yield of cheese is slightly increased because less

fat 1is lost in the whey and slightly more molsture is re-
tained in the cheese. (About 0.1 nound cheese additional



from 100 pounds of four ner cent milk,)

8, The finaneciel loss resulting from a decrease in the cuality
of cheese when kept in storage is reduced to 2 minimum,

9. The amount of second grade and undergrade cheese is greatly
reduced when the cheese is made from pasteurized milk ine
stead of from raw milk,.

10, If milk of good quality is used, if an active starter is
added, and 1f the manufacturing methods are correct, the
cheese obtained will regularly score 92 to 93,

The disadvantages listed by Wilster are:

1., The cost of manufecture is slightly inc?aasad. This may
amount to as much as 0,2 to 0.3 cent a nound of cheess.
However, an increased yield may offset this increase in
the cost of manufacture.

Z« As the cheese from pasteurized milk ripens more slowly
than that made from raw milk, it rust be held longer be-
fore marketing. y _

&, A sharp flavor does not develop in cheese from nasteuriz.
ed milk if the manufacturing methods are correct,

In investigating the m;nufacture of cheddar cheese from nast-

eurized milk in commercial nlants, Walter and Lochry (19) fourd
that the onronortion of No. 1 cheese was much less when the milling
acidity was less than 0.35 ner cent or higher than 0,59 ner cent.
When the milling secidity was commaratively low or commaratively
high, most of the cheese usually graded Yo.2 or undergrade, bascause
of defects in body and flavor.

Walter and Lochry (19) showed data on the grades of cheese made

from raw and from nasteurized milk in nlants that had changed from
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cheese, Evans, Hastings and Hart (7), in their investigation of
bacteria concerned in the nroduction of characteristic flaver of
cheddar tyme cheese, indicated that at the beginning of the riven-
ing neriod the retio between “Bacterium laectis scidi® and *lactic
baeilli", in a general way, be exnressed as 99 to 1. This ratio
gradually changes as the rirening nrogresses until, in cheese 3 to
6 months old, the ratio is reversed. They’cousidered it annarenp
that the larger nart of the growth of the "Bacterium casei®™ groum
mst take nlace after the fermentation of the sugar in the cheese
by *Bacterium lasctis scidi®. They showed, in effect, that two

ma jor fermentations took place and were responsible for the biologic-
al nart of flavor develonment in cheddar cheese:

1. Fbrmpntation of lsctose to lactic acid by the Strentococcus
group of lactic organisms. _

2, Fermentation of casein to simnle amino acids by the Lacto-
bacillus groun, and nrobably some breakdown of both lactie
acid and remaining traces of lactose by these same organisms,

~ It was noted in this work that in raw milk cheddar cheese and
In vasteurized milk cheese the evidence nointed to the fact that
the !Bacterium casel® groun common to both tymes of cheeses was
avnarently responsible for the biting characteristic taste.

In 1934, Davies, Davis, Dearden, and Mattick (5) made some
studies on cheddar cheese in which one of the exneriments consisted
of sdding either Lactobacillus casel or Lactobacillus plentarum
to the starter used in making the cheese. They noticed that, at
the end of one month, there was a decided difference In the amount
of protein breskdown in the cheeses to which Lactobacillus had been

added as commared to the control cheeses, However, after five



months, no annarent differgme ecould be detected.

In determining the types of bacteria found in commereial cheddar
cheese, Hucker (12) examined 37 samnles from ennroximately 25 facto-
ries, He found that the better grades of cheese contained a distinct-
ly different flore from that of noorer grades, He concluded that
in the better tynmes of cheese IJtrentococcus lactis and lacto-
bacilli rredominated, while in the poorer grades, the snore forn-
ing and gram-negative rods were nresent in the largest numbers.

Lane and Hamwer (13), in studying the effect of Lactobaeillus
Lasel on the nitrogenous decommosition iIn cheddar cheese made
from nasteurized milk, made nine series of cheese using eight strains
of the organism combined with commercial cheese starter. Control
cheese was made using only commercial cheese starter, They found
that the cheeses made with Inoculatlons of Lactobacillus casel
had & more ranid breakdown of the nrotein than those made without
the addition of the organisms.

In examining the bacterial flora of New Zealand cheddar cheese,
Sherwood (16) isolated 720 strains of lactic acid bacteria from
thirty-six tynical cheddar cheeses, of these 720 strains, the
nredominant organism was shown to be "Strentobacterium plantarum".

Dahlberg and Kosikowsky (3), in discussing flavor develon-
ment in cheddar cheese, maintained that the bacteria :l.n_ starters
used in cheese making dled rather ranidly during the rinening of
cheese. MHowever, some bacteria such as lactobacilli are present in
small numbers in milk, and develon %o large numbers in cheese.

They attack casein and other »nroteins and might nroduce flavor compounds.

McDonald (14) studied the rate of rinening of cheddar cheese,
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There were three groups of exmeriments run, Both raw end pasteur-
ized milk cheese was made with additions of Lactobaecillus casel
in the following manners: A
1, ¥ilk iIn the cheese vat was inoculated with cultures con-
taining varying n»nroportions of mmmg easel and
2, Just ;srior to the hooping, the curd was inoculated with
cultures of Lactgobacillus casei, using whey as the basie

medium for growth,

3. Immediately af'ter removal of the whey from the vat the
curd was inoculated with cultures of Lactobacillus casei
grown in milk,

It was concluded that:

1. Development of mature flavor in cheddar cheese could be
hastened to & considerable extent by the addition of
cultures of Lactpbscillus casel during menufacture.

2+ The increase in rate of flavor develonment was most marked
when whole milk cultures were added to the cheese in the
latter stages of manufacture, but the flavors which develon-
ed as a result of the technique were not uniform and un-
desirable off-flavors pight occur, ]

Se The most controlled immrovement in the rate of develon-
ment of mature flavor took nlace when whey was used as
& basic medium for growth of lactebacilli cultures, but
at present no meens have been devised to make use of whey
base cultures as commercial uropositiong,

4., BExtreme caution would be necessary in annroaching the



subject of commercial amnlication of lactobacilli
cultures to increase the rate of riwening of cheddar
cheese,

Deane, Anderson, Warren, and Dahle (6) exnerimented with various:
pure cultures added to regular starters in the manufacture of cheddar
cheese from rew milk. The cultures used were Lactobacillus bul-
Zaricus, Streptococeus cltrovorous, Streptococcus naracitrovorous,
Streptococcus lactis and an acidonroteolytic coecus which could
not be identifieds Their results showed that cheese made with
regular commercial mixed starter summlemented with Lactobacillus
bulgaricus was lower in flavor score than the control cheese made
with regular sta:ter. .Among the uther_ cultures used in a similar
manner, the Strentocoeccus ecitrovorous nroduced an unclean flavor
vhen the cheese was cured at 63°F and a bitter flavor when it was
cured at 43°F, Strentococcus paracitrovorous vroduced & slightly

better flavored cheese at a rinmening temmerature of 43°F, than did
the control cheese made with regular gmrcial cheese culture,

and & slightly inferior cheese as commared to the control at 63°F,
Streptococcus lactis gave good results throughout and nroduced
cheese higher in score than the control in all ecases, The acid-
onroteolytic coecus, which could not be identified, was isolated
from cheddar cheese and gave higher scoring cheese than the control
and the other cheeses in all cases; it usually reached full flaver
in eight weeks at 63°F, - :

Hansen, Bendixen and Theoohilus (11) comnared cheeses made
with Strentococcus lactis, Streptococcus eitrovorous, Stremtococcus
peracitrovorous and two commereial cultures, Their results were
similar to those of Deane, Anderson, Warren, and Dshle (6). The



comrercial cu].tures gave cheeses that were good in body, texture

and flavor. Strentocoecus lactis nroduced a cheese slightly
inferior in flavor but better in body and texture. "hen less

than four ner cent Strentococcus naracitrovorous was used, the
cheese wroduced was sligh!:ly bitter‘in flavor with an onen body

Four to ten wer cent Sirentococcus paracitrovorous nroduced a
cheese decidedly bitter in flavor. Strevtococcus cltrovorous

in all nercentages used, which was ﬁ_'om one to ten rner cent, gave
cheese with a bitter flavor and an open bodye. :

In a recent work, Dahlberg and l}'osikowsky (4) renort excellent
results in flavor nproduction and proner body and texture davelop-
ment through the use of commercial starter sumnlemented by Sirepto-
coccus faececglis. They ¢laim that a well-ripened cheese of medium

flavor intensity was produced in £,5 months at 600F, when Strepto-
goccus faecalis starter was used with the usual lactic starter.

In nrevious work, Dahlberg and Kosikowsky (2) attemmted to
find & correlation between the flavor, volatile acidity, and
soluble vrotein in cheddar cheeses and concluded that there was
no direct narallel between flavor and velatile acldity. In only
*_two cases did they notice a direct relationshin between t!lo soluble
nrotein and flavor., However, the association of soluble nrotein
in the eheeseé and the age of the cheeses followed the general trend
of increased soluble nrotein with increased age.
Work in which moisture content was shown to influence the break-
down of the cheese was done by Van Slyke and Hart (18) in which
one lot of cheese was paraffined and another lot unpnaraffined.
These cheeses were cured at the same tomeraturf.-, and at the
end of 12 months were analyzed, The amount of nrotein breskdown
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in the paraffined cheeses wes decidedly greater and the molsture
loss less than in the unwaraffined cheeses., TFreeman (8), however,
concluded that changing the moisture con_tent of the cheese through
slight modificetions in the curd making process could not be
expected to influence materially the rate of ripening in the cheese.
The majority of investigato?s seem to think that lactobacilli
play & mejor nart in the curing rrocess of cheddar cheese, 'Slatter
and Halvorson (17) found that the majority of lactobacilli nresent

in raw milk cheese ean be killed by nasteurization at 143°F, for
30 mimtes or 160°F, for 15 seconds. Based on their findings,

they suggested that the rirening of cheddar cheese made_frcn nasteur-
ized milk may nossibly be accelerated 'by adding the nroner Lacto-
bacillus culture, or by raising the rirening temmerature of the
cheese to sumnly favorable growing tgmemtm for the reduced
number of lactobacilli that survive pasteurization.

The three better known species of the genus Lactobacillus are

given by Hammer (10) as Lactobacillus bulgaricus, Lactobacillus
acidolphilus, and Lactobascillus casel.

A comparatively high temmerature, in relation to other lactic
acid nroducing organisms, greatly favors the growth of these Lactoe
bacillus organisms, The growth temmerature is one d:lfferentiat-

ing characteristic between them., Lactobacillus acidolphilus and

Lactobacillus bulgaricus grow at 113°F, but not below 60°F,,

while Lactobacillus casei does not grow at 113°F, but does grow at
59°%, and also at lower temmeratures. The organisms are facul-

tative., Hammer further exnlains that the. close relationshin of
Lactobacillus casel, Lactobacillus acidolnhilus, and Lactobacillus
bulgaricus is soon evident when these organisms are commared,

There anrears to be no clearly differentiating characteristies,
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end the differences that ocewr are guentative rether than queli.-

Lactobaciline bulgerdeus seers to be the strongest
gacond walle

tative.
lectic zeid wroducer with Loctobaciliug acidolnhilus

ioboeillus esnel wroduces the 1@ﬂw, acid, All thrae seem to
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Using o sbarter in the maunfacturs of cheddar chsese is o

nornael and asccented wraciice. The wnrinciwal nse of & starter has

ronid

beon ifor deve lonment of loetle seid in the cheease meking

5

¢ acid ls pecessery for the nroner coagulation

fobs

nEOCENS, @S isct
of the milk with renwat and for the restrietion of undesirable
bacteria., It alse alds in exwelling vhey &nd in controlling the
poisture eénﬁamt of ihg chégge,

Iin the »ast, the prineinal starters emnloyed, excluding those

in oxwerimental work, hove been inose of Strentococcus lactis

with its associated orgenisms. The difficulties encountered with
these starters were their vulnerahi;ity to bacteriovhage or other
conditions causing slow acld develonment, and their insbility
wien used alone Yo wroduee a charoceteristic c¢heddar cheese flavor.
it has been thought by meny, that organisms of the genus Lacto.
baciliug hove much %o do with tho wromer flavor and body develon-
mnt owing to their outstanding sredominance in cured dheddar

chee g,

Raw &ilk,enedﬂarvcheese normally containg Lactobaeillus
organisns which were present in e milk delivered o the cheese
nrlants, The majority of these Lactobaeillus organisms are killed
during the nasteuwrizsetion of chee 5@ wille, It seemed dmsirable,
therefore, to add lactobacilli as wnoart of ithe chesse culture.

in view of the informetion svellable, the rroblem rresented
itsell as being %o atiemnt to manwfacture cheddar cheese from

nesteurized milk with the aid of @ rure culture of Lactobacill

cus organisms alone or in conbingtion wlth commercial

cheese starters, so as to give »nromer scid development and »ro-
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duction of n charscteristic cheddsr echeess flavor.

- The nroblerm Invelves Tive requirszuwents:

le
Ee

Bagteurization of the milk for making the cheese.

Use of o controlled time method of manufaecture, in so
far as nossible, in order to have & minimum of varisbles
in monufecturing nrocedure,

The use of a nure strain of Lactobselllus bulzaricus

alone or copbined with regular lactic cheese culture.
Rinening of the cheese ot the highest recommendsd ternm-

grature.,

Fxamination of the cheeses after four months curing to
obtain information as to the resulis. The exapination
eonsisting of scoring the cﬁeeses for flavor, color,
bo@y and terture and analyzing them for moisture content

and water soluble nrotein content.
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METHOLS g
Ay Culture selection and pronagation

From a pracucal standpoint, no attempt was made to procure
an outstanding culture of the organisms used. The cultures used
were obtained from commercial laboratories and were started
simulteneously, aprroximately one week after being received.

One was a regular lactic cheese culture, presumebly containing
the usuel Strentococcus lactis with the assoclated organisms,
Streptococcus citrovorous and Siremtococcus
other was a pure culture of Lactobacillus bulgaricus.

No attempt was made to verify the identity of the organisms
in the mixed lactic culture, but the pure culture of Lgctobacillus
bulgericus was stained and observed microsconically. The organisms
were grmositive! end the annearance of the eorgenis agreed
with the usual moruholo_giegl descrintion g:l.vep for them,

The cultures were nronagated daily, excent Sunday, in normal
mixed herd skimmilk, following recommended vprocedures. The
regular lactic culture was carried in 1000 ml. Erlenmeyer flasks
containing 500 ml, sk?.mmilk. 'I‘ha_ flasks were stomrgd-with
non-ansorbent cotton plugs and camned with parchment paper, held
in place by a rubber bands The flasks containing the milk were
heat treated in an autoclave in flowing steam at 210°F, for 30
minutess. They were then cooled to 70°F, (;;lm or minus 2°F,)
and inoculated with one ner cent of cul?.ug-e using asentic technic.
Transfers were made with sterile glass pinettes. The flasks
were then ilncubatod in a thermtatigally controlled incubator
at 70°F, (»lus or minus 20F,) for a period of 14 to 16 hours.

Unon removal from the incubator at the end of the incubation
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veriod, the cultures were observed for firmness of cosgulation
and then cooled in a refrigerator in an iced water~bath until
again trapsfarred.

The pure culture of Lactobacillus bulgaricus required
dirg‘erent handling than the regular lactic culture due to the_ growth
temperature requirem!:s of the orgenisms. This culture was wro-
pagated in the same tyve of containers; containing the same amount
of milk, and stomnered in the same manner as the regular lactic
cultures. However, the milk used was sterilized at 15 nounds
steanm pressure for 15 mimutes because the incubation temmerature
necessary for growth of these organisms 1is very favorable for the
growth of organ;sms which might be present in the milk that with-
stand ordinery pasteurization exnosures. After sterilization, the
flasks were cooled to between 80°F, and 100°F. and inoculated with
one per cent of culture. The flasks were then incubated at 100°F,
(plus or minus 2°F,) for a period of 14 to 16 hours. After incuba-
tion the flasks were nlaced in a refrigerator in an iced water-bath
until the next transfer.

“hen bulk starter was needed, it wes made in the same mammer
as the cult!zres, excent that the Frlenmeyer flasks used were of
2000 ml, capacity and the amount of milk used was 1500 ml. ner
flasks. The length of heat treatment was extended to 45 minutes
for the milk used for the regular lactic starter and to 20 minutes
for the lactobacillus bulgaricus milk as a safety measure because
of the additional quantity of milk used.

B, Pastewrization of the cheese milk,
The milk used for making the cheese was regular mixed milk
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from the Texras A, & Y. colloge Galry herd, and no attomnmt was made
to select any esmecislly good milk. The butter fat cogtent of

the milk varied from 3.67 to 4.1%. A1l milk used wes wasteurized
in & batch masteurizer at 143%F, to 145°T7, for & neriod of 3¢
minates and then eocled from 80°%". to 580°F. over » surface cooler
errloying smeet weater as the coolent. It was dravn off in ten
gallon cens and noured immediately inte a nreviously senitized
cheese vat,

€, Manafacturing nrocess.

Ag soon as the cheese wilk was nlaced in the vat, the teun-

erature was sdjusted te S6UF, and the sterter, ususlly 17, was

0
i*F)

gddeds The method of monulacture was carried oub 89 closely as
nmssibla to the methed veconwended by Wilson as glven by Tilster
(s 13, and alse advecated by "rice (15}. & schematic outline of
~this mothod teken from Wilster (£} is renroduced on nage 17.

The cheese making nrocedure wes as wniform as pasgible from
day to day so that vaeriations invelved orly the nromortions of
the two starters used. The starters used consisted of nure Lacto-
boe;

ilus bulgaricus starter and covbinations of Loctobseillus

bulgaricus with commercial cheese starter.

The lowest rstlo of Lsctobacillus bulzasrieus to commercis
cheesse starter used as sterters in the cheese walking was 407
Loectobacillius bulgsricus to 87 eommercial cheese storter,
Inasmuch g3 8 nranonderance of lactobeelilli were desired in the
aricus

cheese, cheeses with lower nercentages of Lactobacillus bules

starter wvare not pade.

The scidities of the culiurss as well 55 the scidity dovelone

went during the meking nrocess were measurad by titration of s



Adding starter

PLATE I

TIKE METHOD OF BANUFACTURE,

17

Adding remnet

L hour

(Setting)
}m to
Cutting — _30 nin,
min
Steam on ?15 .
30 min.
2el/4
Steam off } " hours
Praining whey
(Dipning) \ 4-1/2
15 min, -
Packi
>2—1f4
houwrs

Mlling

:> 15 min,
Salting

} 30 min.

Hooping _

} Time required
Pressing_ [

30 min,

Dressing

> 7 hours
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© ple semnle with €17 sedlum hyidroxlide solution, uslng rhenolnhe-
thalein as the indicetor. The wl, of 0.1V Fadll used divided by
10 was recorded zs the -ayr cent lactip acié in the sammle,

A1L lots of milk were set at temnoratures ffom,ﬁﬁgF. to 88QF‘
The rate of remmet addition veried Ifrom & to 3% ounces wer 1000
nounds of milk. GColor was added at the rate of 1 to 1% ounces
ver 1000 pounds of milk,

The cheese was cut after the coagulation wes sufficlient o
cause & ele&ﬁ break of the ecurd by the finger test. The cutting
of the choone was done with 7 ineh wire kniv;sg follovring ibe
custenery method of using the herizontel knife lengthwise and then
the vertical knife lengthwise and erosswise.

Efter cutting, the curd was stirred gently for 1Y minutes
without heat in order to e¥nel vhey ond te slightly firm the curd.

The cheese was cooked by raising the temmerature of the curd
in the whey te 10097, to 10297, in 2 neriod of 30 minutes, and
holding it at tha? temnorature for 45 minutes to ar howr in order
to attain the nromer firmness 9? the curd. This vas determined
by mressing & handful of curd narticles lightly and then orening
the hand culckly. “hen the firmmess of the curd wes such that
the purticles fell arart rather easily, the vhey was drained.

The cuwrd was matted in twe niles, one on cech side of the
vat. Ther matting was sufficient, the niles were eut into six
inen blocks and nacked by inverting the blotks, The cheddaring
nrocess was begun as soon &8 blocks were firem enough to handle

k>

re  Gheddarirg mas done by turning the bloeks of curd amnmroxi-

'

1

gasil
mztely every 10 wminutes, Then vhey caased te drain with blecks

only one high, they were niled two high and then three and four



high e wes required, Cheddasrinz in all ezses was commlete in 1
howr ond 45 minutes to 2 heours.
¥illing of the curd mas done with a hand onerated curd mill
the vsual tyne. After milling, thoe curd mme forked siightly
te heal the cut edaes and then salted, The rate of salling wes
2,5 nounds nor thousand nounds of nillk used.
A1L cheesas were hooned in daisy style hoons, nrezsel for
30 mivutes, and then éreaggﬁ. 2fter dressing, the chaaseﬁ Tare
returned to the w»rass and wressed overni ?hb at full NPeSAnre .,

The cheeses were removed frem the nress the following worning

2

znd wlac 3 in the curing roon where they rouzined for 24 hours
to dry the surface, At the end of this neriod, the chesces wers
nerefiined by dinning in neraffin gt 240%, to 256°

Y. Cuwring of the cheeses,

The cheesas ware cursed in g cheese curing roor 8t temmeratures

eninotlion of the cheeseo.

»
s
x|
b
|
4
2
Fde
Ux
%
2
b6
M

The dete ecllected consisted of the results of three senaorule
anelysaes, nenely, aScoring the choeses for flavor, boedy ond texture,
and color; molsture content; and wmter soluble »nroteln content.

ﬁ

Thess datervinations were nade when the echeeses had reoched ¢

ey

age oi four months.
1. Seoring.
The cheesas ware scored prgonolentically by two, and in some

istances three Judsges. The identity of the choesss was unlinovm

to the Jjudges. Findsh was considered to be nerfect in all chicesa.
Ze loisture

The cheeses were anclyzed for poisturs content baegsuse it
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is the eninion of gsowe investigotsrs thet molsture content dirsctly

[32]

o

influences the rirzening. The nrocedurz for deternmining the moisture

vas the £4 hour wmethod given by ilster {£1}, conzisting of heating

o

the we szemle (anmroxinetely £ zraps of cheese) for & 4 nour

nericd in &n oven et 212°F. (Lo u.E, efter which, the scumle was

cooled in & dosiecator to roow temmersture ond reweighed. The

¢ifference tetween the originsl welizght of sammle and the weight

gf'ter drying rerresented the apount of moisture lozt, A1l saumles

4]

mere weighed to four decinsl wnlaces The moisture nercentzge mas
caleulated to the n?argﬁt ene hundredih of ong rnar eent.
S.  Water socluble ﬁroiein.

Yater seoluble wrotein conternt has bnen conggdereﬁ one of the
constituen@g in cheece Indlesting the degree of wrotealysis which
has teken wnlace during curing.

The wathed of extrecting the watgr zQ*ﬂLlﬁ nrotein {olleowed
@ bechnie based unon & methed by Sharn as revorted by Dahlberg and

Kosikowsky (8). The nrincinle of the method iz to maintain the

et

i (ermroximately 5) and the snlt contznt coupzrable to thot
chedday chosse by & huffer szlb ¢ ion while the soluble wnyotein
ig being discolved in the water.
The soluble wrotein extraction solution waes »renared &g followms:
fie Stock solution

87,5 wl, glaclal sceotie acld

15641 ge sodium acetate (30}

47.0 g, zodium chloride

5.9 2o czleiun chloride (anhydrous)

Ldd water to wake 1 liter.

d. Hxiraction sclution -
Yoke 250 nl. stock @nlubion un to 1 liter —ith walter.

The soluble nrotein was extracted as follows: Thres grams
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of ehwese were welighed to within 0,01 gram and nlaced in 2 norce-
ny S 2, N . . o . ” e 3 ‘
lein portar. 4 swmall smount ol extracting solution ab 122%, (509C.)
was added and the cheess mos ground to a thick naste, @udﬁtxop a1

solution mes &dded to dilute the naste. The flosk woes nlsced in

0

water beth ot 1820F, (50OC,), fiiiled to the mark with sxtrzeting
solution, and, wilh oceaslonal sheking, maintained at this temmor-
ature for one hour.

The selution was {iltered through & fluted filler, znd & 50 ml.
sapnle of the filtrate was analyzed for nitrogen content by the
Gurning methed {(1y. 4After digestlon, ths nitresen in the form of
epponis wes distillsd inte hydrochloric aaid ol a koo noriality
(ennrozipately 0,8Y), and the excess acid titrsted with sodiom
hydroxide sclution of knomn normality {(sorroximetely 0.21). From
the millisgquivalents of acid unaccounted for by titraticon with the

standerd bese, the ner cant ol soluble nrotein was ealculsted,
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EXPERIVENTAL
A, The influence of various combinations of Lﬁﬁm’%%? gﬁ-
and commercial cheese starters on the rate of ac
evelopment during cheese mamfecture.

Sixteen lots of cheese were made using various combinations
of Lactobacillus bulgaricus and commercial cheese starter as shown
in Table No. Ie

In Lots 1, 2, and 3 Lactobscillus bulgaricus culture only

was used, in Lots 4 to 15 inclusive Lgectobacillus bulgericus was
mixed with commercial cheese starter ranging froﬁ 5%¢ to 607 of the
total sterter used and in Lot 16 commercial cheese starter only
was usede g

> Aeid develonment at the various stages of the manufecturing
wrocess in each of the lots is shown in Table II. Detailed manu-
facturing renorts are shown in Appendix I,

ls Cheeses made with Lactobacillus bulgaricus starter,

Lots Noe 1, 2, and 3, which were made using Lactobacillus
bulgaricus starter entirely, showed unsatisfactory acid develonment.
A definite increase in acldity of the cheese milk was noted inmedi-
ately after the addition of the starter. This was probably due to
the high acidity of the starters used which ranged from 1.867 to
24207 caleulated as lactic acids The cheeses showed slow acid
develonment during the rirening rneriod in these three lots. With
ordinary cheese culture the increase in acidity during the cooking
period is usually 0.047 to 0.05¢ while Lots 1, 2, and 3 showed an
average increase of only 0.0l seidity.

The most decided leck of acid develomment in the cheeses made
with Lactobacillus bulgaricus starter was observed during the
cheddaring rneriod. The results in Table IT show that the milling
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gcidity in the three cheeses made with Lactobascillus bulgaricus
sterter wes 0.207, while in commercisl cheese the acldity normslly

develons un to 04457 to 0.55¢ in the whey draining from the cheese
at milling. ‘

Lots 1, 2, and 3, made from Lactobseillus bulgaricus starters,
also did not firm up as well as was desired during the cooking
veriod, but no attemnt wes made to increase the firmmess of the
curd by using cooking temperatures sbove 102°F, Negither was a
longer cooking neriod emnloyed than the regular 1 hour and 15
minutes to 1 hour and 30 minutes in order to meke the curd wmore
firme Although the eheo._?-o closed un well during cheddering and at
willing was nornal in appearance, the curd lacked the tough,
Tubbery feel of normal curd,. )

The vesults in Teble IT indicate that wure Lactobscillus
bulgaricus starters give unsatisfactory acid develovment for cheddar
cheese making,

2, Cheese made with combinations of Lactobacillus bulgaricus and

comrereicl chlisese starterse

Lots £ to 18 inclusive were made using various coubinations
of Lagtobasecillus bulgaricus starter and commercial cheese starter.
The sdditions of commercial cheese starter ranged from 57 to 60¢
of the totsl starter used.

Lots 4 to 7 Inclusive, in which the starter used ccntained
from 5% to 204 comwercial cheese sterter, showed in genersl, that
as the provortion of commercial cheese starter inereesec the acid
developnzent in tl_:e cheese ircrsased, The acid developument during
coocking was not perticularly dignificsnt, but the willing scidity
in genersl was higher than in the cheeses wmade using Lactobsellius
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bulgaericus only. The milling scidities ranged from 0.19%7 to 0.28%
in Lpts 4 to 7 inclusive, which is generally considered too low
for practical commercisl manurgpture.

The curd in Lots 4 to 7 appeered normal but it lacked the
characteristic tough, rubbery feel of normal curd at milling,.

Lot No. 8, which was made with a starter combination of 25¢
commerciel cheese starter and 754 Lactobacillus bulgaricus, showed
a distinct imnrovement in aecid production over the cheases_inoculat-
ed with smaller amounts of commercial culture. The develonment of
acidity during cooking of Lot 8 was not significant, but the final
willing acidity of 0.41% was much higher then the milling acidities
of the previous seven cheeses in which the highest milling acidity
developed was 0.28%,

Lot No. 8 produced 2 curd more characteristic of good chedder
cheese in appearance and feel than any of the preceding lotss

Lots No. 9 to 15 inclusive were made with combinations of
Lactobacillus bulgaricus starter and from 30% to 60% of commercial
cheese sterters The results in Table II show that acid develonment
progressed normally in the§e lots, although there was some variations
in the rate of acid development among the various lots. The acidity
at milling in Lots 9 to 15 inclusive ranged from 0.50% to 0547
which is within the desireble range for commercial cheese manu-
facture.

The curd in Lots 9 te 15 had the tough, rubbery character
desired in cheddar curd at milling.

Lot Noe 16 was made with commercial chegse starter eptirely.
Acid development was normal throughout the manufacturing process
and the final milling acidity was 0.50%.
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The results in Table IT indicate that Lactobacillus bulgericus
alone was unsatisfactory as a starter for the manufacture of cheddar

cheese. "hen regular commerciel cheese starter was used in conjunce
tion with Lactobacillus bulgapicus starter, the rate of acid develon-
ment increased &s the wronortions of commercial starter used was
inereased, and when 307 or more of commercial cheese starter was

uwsed in conjunction with 707 or less of Lactobacillus bulgaricus
starter the aclid development during the manufacture was satisfactory.



TABLE I

LACTIC CULTURES USED IN MAKING THE EXPERIMENTAL CHEESES

ot Noe

Comﬁa

Usac
reial
cheese
gtarter

Amount of

starter used
to inoculate
cheese milk

Aeidity of
Lactobacillus

pulgaricus
starter

Reidity of
commercial
cheese starter
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TABLE II

Acid Develonment During the Cheese Making ®rocess in Cheese Made from

Pasteurized Milk Inoculated with Vaerious Pronortions of Lgcto-

bacillus bulgaricus and Commercial Cheese Culture.

Stage

of
Process 1

T

[ L)

0n | ©F

Original
acidity

|fter adde

15
el6
17
»10
«10

015
17
ol8
«10
o10

el5
17
018
el0
10

old
16
«16
10

old
o165
16
o10
10
10
ol4
o15

«l5
o16
ol6
«09
«10
o 10

«l5
17
ol8
10
«10
10
o1l
13

L7
18
o18
oll

ol6
17
ol7

L7
«185
+185
10
«10
oll
»145
«18

16
e 165
18
oll
o1l
ol2
o16

15
16
w17
oll
oll
o1l
ol4d
o15

16
17
L7
10
«10
11
13
W14

L3
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Bs The influence of various combinations of L%ctgbacglgs bul-
and commercial cheese starters o score o

cheese., : :
The influence of the use of starters composed of pure cultures
of Lactobacillus bulgaricug and of various combinations of Lacto-

bacillus bulgaricus and commercial cheese starter on the score
of cheddar cheese after rinmening for four months is shown in

1, Cheese made with Lactobaecillus bulgericus starter,
The data in Table III show that Lots 1, 2, and 3, made with

Lactobacillus bulgaricus as the sole cheese starter, scored lower
in flavor than the control cheese made with commercisl cheese
starter, The flavor on these lots ranged from 36.8 to 37.5 and
averaged 37,1 while the flavor score of the control cheese was 40,
The highest scoring cheese was Lot 2, made with 27 Lactobaeillus
bulgapicus, which scored 37.5,
The prinecinal flavor eriticism of the cheese made with Lacto-
baeilllus bulgaricus starter was acidy with a secondary eriticism
of heated in Lots 1 and 2, and unclean in Lot 3, The control cheese
was not criticized for any off-flavor.
The body and texture score of the lots made with Lactobacillus
bulgaricus starter was slightly lower than that of the control
cheese., They ranged from 28 to 29 and averaged 28.6 while the control
cheese scored £9,5, All o‘f these lots were eriticized for having a
slightly crumbly body excent the control cheese which was not eriticized,
The color score of the lots made with Lactobacillus bulgaricus
starter ranged from 8.0 to 10 and averaged 9.1, while the control
cheese scored 9.5, ‘l‘hese_lots were criticized for being acid cut
and slightly mottled excent Lot 3 which was not criticized. The
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control cheese was criticized for being slightly seany.

2 Cheese made with combinations of Lactobacillus bulgaricus
K and commercial cheese starter,

The data in Teble III show that the cheese in Lots 4 to 15
inclusive, mede with combinations of Lactobacillus bulgsricus and
commercial cheese starter were, in general, lower in flavor score
than the control cheese made with commercisl cheese starter only.
The flavor scores of these lots ranged from 34,5 to 41 and averaged
37.9 while the control cheese secored 40, The majority of these_
cheeses ranged from 36,5 to 39 with two excentions. These excentions
were Lot 4 which scored 34,5 and Lot 6 which scored 41, The reason
for these variations could not be exnlained, In general, as the
amount of commercial cheese starter increased and the amount of
Lactobacillus bulgaricus starter decreased, the flavor score of the
cheese increased; however, there was the excention of Lot 6 which
scored 41, .

There was a general relationshin between the milling acidity
of the cheese and the score of the cheese, in that Lots 4 to 7
inclusive, in which the highest milling acidity obtained was 0.28%,
had an average flavor score of 37.3, while Lots 8 to 15 inelusive,
in which the lowest milling acidity was 0.41%, scored an average
of 38,1,

All of the lots made with combinations of Lactobacillus bul-
garicus and commercial cheese starter were criticized for heated
flavor excent Lot 4 which was eriticized for being unclean and
slightly bitter. It is possible that the heated flavor was wresent
in this lot alse but was masked by the unclean flavor to such an
extent that it was missed, Lot 7 was also criticized for being

unclean in flavor, but it was not nresent strongly enough to mask
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the heated flavor. Three of the lots, namely, Lots 4, 5, and 10
were criticized for being bitter or sl.‘_lghtly bitter. In Lots &
and 10, however, this flavor was accomnanied by the heated flavor
and in Lot 4 by the unclean flavor, The degree of the heated flaver
in the cheese seemed to decrease as the amount of Lactobacillus
bulgaricus starter used in the manufacture decreased, This is
illustrated by Lots 5§ to 9 inclusive, in which Lactobacillus bul-
garicus was never less than 70 of the total starter, being criti-
cized for the full heated flavor, while the heated criticism was
only slight in Lots 10 to 15 inclusive in which the ner cent Lacto-
baeillus bulgericus ranged from 657 of the total starter down to
407, The heated flavor was much the same as the flavor of the
rirened Lactobacillus bulgaricus starter which had been nronagated
in sterilized milk. These observations suggest that the heated
flavor was caused by some by nroduct of the growth of Lactobacillus
bulgaricus, It is also interesting that none of the cheese made
with starter containing Lactobacillus bulgaricus organisms w»roduced
a characteristic cheddar cheese flavor, while the control cheese
made with commercial cheese starter only, nroduced & good cheddar
flavor,.

The body and texture scores of the cheeses made with combi-
nations of Lactobaeiilus bulgaricus and commerciasl cheese starter
were lower than the body and texture score of the control cheese
which was mede using commercial cheese starter only. The scores
ranged from 25,5 to 28 and averaged 26,7 while the control lot
scored 29,5, However, it anmneared that the body and texture score
of the cheese decreased, in general, with decreases in the amount
of Lactobacillus bulgaricus and increases in the amount of commercial
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choese starter used. Lots 4 %o 7 inclugive, in which the amoun
from 807 to 957 of

of Loctobzeillus bulssricus starter used was

the total sterter, had ar aversge body s=nd texture score of 27,2
while in Lots 8 te 15 inclusive, in which the amount of Lacto-
beciilnes bul

caricug used drosred from 757 te 407, the body snd

texture score average was 26,5,

The body and texture score of the cheese made using Lectow

JLlus bulgaricus combined with commereial cheess starier ammesr-
- ed to CGecrease with increesing milling aseidity. Lots 4 to 7 inclu-
sive, in vhich the highest rilling acidity was 0.28¢%, had average
hauy and texture score of 27.2 while Lots 8 to 18 inclusive, in
which the leowest mllliing acidity wes C.417, scored an average of
26.5 on body and texture.

A1l the cheeses made with combinations of Loctebecillus hul-

raricus and commercelsal cheese starters weore eriticized as being

erumbly . fhree of the cheeses, naomely, Lots 4, 7, and 8 were alao
eriticized for belng corky, while Lots ¢, 10, 11, 12, and Ta naYre
eriticized for being wesly in addéltion to crumbly, It wes noted
that all of the lots eriticized for beinz corky had milling aciditie
of less than 0.507 while the lots eriticized for belng wmealy were
those having & milling acidity of 0.50¢ or higher. It maybe also

noted thet Lot 8 vhich had less corkiness thaen Lotz 4 and 7 slse

haé¢ & higoer willing seidity. This fazet night svbstentiaste an

observation that corkiness ansncered to decrsase with an inereasc
in willing acidity.

The eclor score of the cheese nmade with conbinations of Lacto-
bacillus bulgaricus ond couperciel cheese starter ranged from © to 10

and averagad 9.45 in comnaricon to o score of 9.5 for the control
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cheese, Three lots, naomely, Lots 9, 16, and 12 were criticized

for seamy color. Lots 4, 11, and 15 were criticized for heing
siightly m@ttlaa in color, whils Lotq 6 and 14 were given no criti-

elsm. Lots heving individual rrltf smyg were Lot § eriticized for

being siightly necid cut, Lot 7 for being slightly b , 10t 8

Lor having ﬂhit@ gmecke and Lot 12 Tor being wavy.

The dﬁta in Table III show that cheese nmade with wiare Lacio-

bac;l;u§

made with conbinations of Lactobaeillus bulgar cens ané copwsrelionl

bhwleardicus rated a lovwer average flavor score than cheose

cheese stortar as well as the control cheese, Although rating a

lower flaver score, the cheese made with wure Lactobscillus bul-

gericus starter averagsd a higher body and texture score than the

cheese made with combinations of Lactobacillins bul and

saricus
commorcial cheese starter, and averagzed only .2 of 2 »noint lower

than the control. The [lavor score of the cheesze,; In genersl,

abal,

1,

higher as the amount of eommercial cheese starter used in

m b o

wag

conjunction with Lactobacillus bulmericus starter was increased .
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TABLE III

Influence of Various Combinations of Lactobacillus bulgaricus and
Commercial Cheese Starters on the Score of Cheddar Cheese at Four Months of Age.

Flavor

a7
375

36,8

5445

37 o5

41
3645

riticism|Body and|Criticism|Color|Criticism
texture
e — S e

Heated 28 Sl. 8.0 |Aegid cut

acidy erunbly

S5). acidy 29 Sl. 9.5 |91,

Sl erumbly mottled

heated

Acicgy 29 51, 10 o

S1. erumbly

unclean

S1, Crumbly mottled

bitter ‘

Heated 275 Crumbly 9 81,

Sl. acid cut

bitter

Heated 26,5 Cor

unclean Crumbly 9.5 [8l.

bleached

Heated 26,5 S1. 0.5 |"hite

cor. snecks
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14
15

6

13 |

TABLE III (Continued)

mammﬁmn_ pras

amount s riticism
of cheese
st ter st.ter
_ 70 A 5'? S]. aci 26 Cruubly 9 Se |
L e aly il
1 65 35 38 S1. 25 65 Very 9 Seeny
heated erunbly :
S1le Mealy
bitter
1 60 40 3865 |51, 27 S5l. 9.5 [Sl.
heated erunbly mottled
Yealy
1 58 45 38,6 |21, 26 Crumbly 9.5 | Tavy
heated Vealy
| 50 50 38,5 |S1le 2645 Crumbly 945 |Seamy
heated 51
mealy
1 45 £5 20 |V slight|2s S1, 10 | acses
heated crumbly :
3 40 60 3845 |S1. 27 Crumbly 9.5 |81,
heated mottled
: 0 100 40 - em e 295 e 2.5 |51,
TS I—— seamy

#Control cheese = No Lactobacillus bulgaricus added
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Cs The influence of various combinations of W pg%_;
and commercicsl cheese starter on the moisture content
ol' cheddar cheese. . A
The influence of the use of starters commosed of nure cultures
of Lactobacillug bulgaricus and of combinations of Lactobacillus
bulgaricus and commercial cheese starters on the moisture content
of cheese 1s shown in Table IV,

l. Cheese made with Lactobaeillus bulgericus starter.
The dsta in Table IV show that Lots 1, 2, and 3, made with

Lactobaecillus bulgaricus starter, had a higher moisture content
than the control cheese made with commercial cheese starter only.
The moisture content of these lots ranged from 38,95 to 40.28%
and averaged 39.46%f as commared to a molsture content of 36.49%
in the control cheese. The cheese having the highest moisture
content of these lots was Lot 2 which contained 40.287 moisture.
It was alsy_ noted that the average moisture content of these three
lots was armroximately 37 higher than the moisture content of the
control cheese.

2 Cheese made with combinations of Lactobseillus bulgaricus
p and commercial cheese starter,

The data in Table IV show that the cheese in Lots 4 to 15
inclusive, made with combinations of Lactobacillus bulgaricus
and commercial cheese starter averaged lower in moisture content
than the control cheese made with commercial cheese starter exc-
lusively, The moisture content of these lots ranged from 32,007
to 26,32% and averaged 33,864, while the control cheese had a
moisture content of 36,497, There amneared to be 8 relationshin

between the amount of Lactobacillus bulgaricus starter used and
the moisture content of the cheese in Lots 4 to 7 inclusive., As
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the amount of Lactobacillus bulgaricus decressed from 95¢ of the
total starter used to 80%, there was a corresnonding decresse in

the moisture content from 35.91% to 32,00« However, this re-
lationship ceased at Lot 7 and the cheeses from Lot 8 to Lot 15
inclusive veried in moisture content from 32,247 to 36,327 with :
no particular sequence in the variations, In Lots 4 to 8 inclusive,
of the lots made with combinations of Lactobacillus bulgsricus

and commercial cheese starter, there was noted an excretion of a
sticky, clear fluid during the curing period, while in the remaine
ing lots, namely, lots 9, 10, 11, 12, 13, 14, and 15; this condition
was not observed. This may account for the average moisture cone
tent of Lots 4 to 8 inclusive for being lower (33,537) than the
average moisture content of Lots 9 to 15 inclusive (34.12(). The
excretion of sticky, clear fluld which appeared in Lots 4 %o 8
inclusive could not be exnlained. ]

The data in Teble IV show that cheese made with pure Lacto-
becillus bulzaricus starter contained a higher percentage of moisture
than those made with combinations of Lactobscillus bulgeric
commercial cheese startgr; as well as the control cheese. This was
probably due to poor exnulsion of whey from the curd cesused by

poor acld develovment by the pure Lactobaclllus bulgaricus starter
during the manufacture,

s and




TABLE IV

The Influence of Various Combinations of Lagtobacillus bulgaricus
and Commercial Cheese Starters on the Moisture Content of the Cheese.

s Somt | Averace par ount
8 ure
ot No. amount of 1‘; cheese :of cheese s
B L Cheese made with
2 2 100 0 40428 39,46
3 1 100 0 38495 o
4 5 o5 5 35 69 ey
5 1 90 10 34,11
6 1 85 15 33 405
7 1 80 20 32,00
8 1 75 25 32,53 Cheese made with
9 1 70 30 33447 conﬁimtiom of
10 1 85 35 34,05 p53.86 LALQRS
11 1 60 40 34,37 comre ﬁ cheese
12 1 55 45 32,24 starter
13 1 50 50 364,32
14 1 45 55 35,03
15 1 40 60 33 430,
%16 1 0 100 36,49
e ———

#Control cheese - No Lpctobacillus bulgericus used

Le
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De The influence of various combinations tgf W %&.

B R e e i e, D

The influence of the use of starters commosed of pure cultures
of Lactobacillus bulgaricus and of combinetions of Lagtobacillus
bulgsricus and commercial cheese starter on the water soluble
protein content of the cheese at four months of age 1s shown in
Teble V,

1, Cheese made with Lactobacillus bulgaricus starter,

The date in Table V show that Lots 1, 2, and 3, made using
Lectobacillus bulgaricus starter exclusively, had a higher average
water soluble protein content than the control cheegse made with
commercial cheese starter only. The water soluble nrotein content
of these lots ranged from 6.88%7 to 8.5%7 and averaged ?.51%; while
the control cheese had a water soluble rrotein content of 6.91%.,
Lot 1 was lower in water soluble protein than the egntrol cheese,
but both Lots 2 and 3 were higher in water soluble nrotein than
the control cheess. Lot 2, made with 27 Lactobacillus bulgaricus
starter, was found to contain the highest amount of water scluble
protein (8.53%) of any of the lots made in the entire experiment.
The cheeses made with pure Lactobscillus bulgaricus starter showed
no significant relationship between the amount of water soluble
protein and the score of the cheese. Lot 2, which had the highest
water soluble protein content of these three lots, scored only
05 of a point higher than Lot 1 which contained the least smount
of water soluble nrotein. Lot 3, which was higher in water soluble
protein than Lot 1, was 0.2 of 2 noint lower in score.
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2¢ Cheese made with combinations of Lagtobacillus bulgaricus

and commercial cheese starter.

The data in Table V show that Lots 4 to 15 inclusive, made
with combinations of Lactobaeillus bulsericus and commercial cheese
starter, had a higher average water soluble protein content than
the control cheese made using commercial cheese starter exclusivee
lye. The water soluble content of these lots ranged from 6.647
to 8.377 and averaged 7.62%7, while the control cheese had a water
soluble protein content of 6.91{. There appeared to be a general
relationship between the amount of Lactobacillus bulgericus starter
used and the amount of water soluble protein present in Lots 4
to 8 inclusive., As the smount of Lactobacillus bulgaricus starter
used decreased in these lots from 95¢ of the total culture to ?5%,
the amount of water soluble protein increased from 7.66% to 84374,
However, at this point the relationship ceased and inereases in
the amounts of water soluble nrotein in the remaining lots were
not consistent with decreases in the amount of Lactobacillus bule
garicus used, On the other hand, Lots 4 to 8 inclusive, which
were made with starter veriations containing from 757 to 95¢
Lactobacillus bulgaricus, had a higher average water soluble pro-
tein content (8.08%) than Lots 9 to 15 inclusive, in which starter
variations eonteining from 40% to 707 Lactobacillus bulzaricus
were used, which had an average water soluble nrotein content of
7.30%, Lots 9 and 13, of the cheese made with combinations of
Lactobacillus bulgarigus and commercial cheese starter, were the
only cheeses of this group having less water soluble protein
content than the control cheeses Thgre was no relationship between
the amount of water soluble protein present in the cheese and the
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flavor scare of the cheese. The control cheese, which was the
second h;ghast scoring cheese of the entire groun, had a water
soluble nrotein content of 6.9)%., Although, the water scluble
mrotein content of the control cheese was exceeded by 12 other
cheeses, only one of the twelve cheeses exceeded the control cheese
in flavor score.

White smecks, which are considered by some investigators, as
being erystels of the amino acid tyramine and an indication of
considerable nrotein breskdown as well a&s considerable age, were
noted to be in evidence in all of the cheeses made with Lacto-
baeillus bulgaricus nresent in the starter, No white smecks were
cbserved in the control cheese which was made with commercial
cheese sterter. 3

The results in Table V show that there anmneared to be no
significant relationshin between the amount of Lactobscillus bule-
garicus sterter used in th? manufa;ture of the cheese, and the
rer cent of water soluble protein nresent in the cheese at fouwr
months of age. However, in general, the cheese made with Lacto-
baeillus bulgaricus alone or in combination with commercial cheese
starter contained a higher nercentage of water solnblg nrotein than
the control cheese. Although, the cheeses made with pure Lacto-
bacillug bulgaricus alone or in combination with coumercial cheese
starter had a higher average water soluble nrotein content than
the control cheese, only one of these cheeses had a higher flaver
score. In general, the waf.er soluble nrotein content of the

cheeses had no relationshin to the flavor score given the cheeses,



TABLE V
The Influence of Various Combinstions of Lactobsecillus bulgaricus
and Commercial Cheese Starters on the Water Sgluble Protein Content
of Cheddar Cheese at Four lMonths of Ages

g g g .
. amount n g 3 G
Lot Noe. of
1 1 0
2 2 0
3 1 0
4 1 5
5 1 10
6 1 88 18 8.29
Cheeses mede with
AR e S N i o
9 1 70 30 6480 % 62 bulgzaricus "
10 1 65 35 786 commercial cheese
11 1 60 40 8410 i
12 1 55 45 6.64
13 1 50 50 7456
14 1 45 56 7415
15 1 40 60 7 401
16 1 0 100 6491

W - e ————— et e e et e e e et
#Control cheese ~ No Lactobacillus bulgaricus used,

184
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SUMMARY

Fifteen lots of exrnerimental cheese and one lot of control
cheese were made using a time controlled method of manufacture,
Lactobacillus bulgaricus sterter and combinations of Lactobacillus
bulgericus and commercial cheese starter were used in the exneri-
mntal cheeses. The control cheese was made using only commerciel
ghuse starter. The acid develomment during the manufacturing
process was checked and recorded. At four months of age the
cheese was scored for flavor, body and texture, and color, =nd
enalyzed for moisture content, and water soluble wrotein content.

The results show that when lactobacillus bulgaricus Is used
as the sole starter the acid development during the manufacturing
process was unsatisfactory. Combinations of Lactobacilius bul-
gexricus starter and commercisl cheese starter containing less than
307 commercial cheese starter also gave unsatisfactory acid develon-
ment, However, when 30% to 607 of the total amount of starter used
was coumercial cheese sterter, and the remainder Lactobacillug
bulgaricug, the acid development progressed normally.

As shown by the results, the use of Lactobacillus bulgaricus
alone or in combination with commercial cheese starter amnneared

to be detrimental to the flaver score of the cheese., The average

flavor score of the lots made with pure Lactobacillus bulgaricus
starter was lower than the average flavor score of the lots made

with combinations of Lactobacillus bulgaricus and commercisl cheese
starter, and also lower than the flavor score of the contrel cheese.
The flavor score of the cheese made with combinations of Lacto-
becillus bulgaricus and commercial cheese starter also had a

~ lower average flavor score than the control cheese made with
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cgmrcial cheese starter only. The flavor score of the cheese
apneared to become higher as the amount of Lactobacillus bulgaricus
starter used became less, and the amount of commercial cheese
starter became greater,

The average body and texture score of the cheese made with
5 bulgaricus starter was higher than the average
body and texture score of the cheese made with combinations of

Lactobaecillius bulgaricus and commercial cheese starter. However,
the aversge bedy and texture score of all lots, whether made with

Lactobaeillus bulgaricus alone or in combination with commercial
cheese starter, was lower than that of the control cheese. All
of the cheeses were criticized for having crurbly body, and this
defect was more noticeable in the c¢heeses made with combinations
of the two starters than in those made with individual starters

of Lactobaciilus bulgaricus or commercilal cheese starter,
The average molsture content in the lots made using rure

Lectobgeillus bulgaricus starter was anproximately 5.5¢ higher

than in the lots made with combinations of Lactobaeillus bulgaricus
and commercial cheese starters, and aprroximately 3¢ higher than
the control lot, None of the lots made using & combination of
Lactobacillus bulgaricus and commercial cheese starter had a
eommereiany desirable moisture content. -

The water soluble nrotein content of the cheese was not narallel
to the amount of Lactobagillus bulgaricus starter used in meking the
cheeses, Fowever, all but three of the cheeses made with starter
containing Lactobacillus organisms had a higher water soluble
mrotein content than the control cheese made with commercial cheese
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DISCUSSION

The data show that vpure Lactobacillus bulgaricus starter
does not give satisfectory acid rroduction duripg the manufactur-
ing »nrocess of cheddar ?.heose. The vpossible exnlanation for this
is thet the setting temmerature of chedder cheese is from 86°r, to
88° . which is below the ontimum growth temmerature of Lactobacillus
bulgaricus. The milling seidity of the cheese made with nure Lacto-
bacillus bulgaricus starter was too low for commercial cheese manue
facture. A low milling acidity is undesireble in cheese because
of & development of an acidy flaver during curing as mell as the
fact that the pH 1s not low enough to inhibit flavor and body
damaging organisms which might be _present in the cheese.

An improvement In acid develonment during the manufacturing
process was eXxperlenced when Lactobacillus bulgaricus starter and
commercial cheese starter were combined In the cheese milk, however,
acid develomment in these cheeses did not become normal until a
combination of 70¢ Lagtobacillus bulgaricus and 307 commercial
chee se starter was used, It Is belleved that this immrovement in
acid development was due nrincipally to the nresence of the conm-
mercial cheese starter,

Lactobacillus bulgaricus starter alone or in combination with
comnercial cheese starter nroduced cheese which scored lower in
flavor than the control cheese made with commercial cheese starter
exclusively, except in one case, The main criticism common to all
of the cheese made in vhich the starter contained Lactobacillus
bulgericus was heated. This flavor was very similer to the flaver

produced by the Lactobaclllus bulgaricus starter nropagated in
sterile milk, It is believed that the heated flavor noted in the
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cheese is nroduced normally by the growth of Lactgbacillus bul-
garicus organisms in milk and its nroducts, if the organisms are
in sbundance,

All of the cheeses excent the lots made with vnure Lactobacillus
bulpericus starter were low in moisture content as commared to the
desired moisture content of commercial cheese. This was nrobably
due teo the checse being made in small quantities and in sm;l vats
in which the drainage of whey during cheddaring 1s more commlete
than in commercial manufacture. The reason for the high moisture
content of the cheese made with pure Lactobaeillus bulgaricus
starter was nrobably due to noor whey exnulsion during cheddaring.
Acid develomment aids In exnulsion of the whey during this neriod
and in these cheeses it was less than normal which would cause more
moisture to be retained in the curd,

The water soluble protein content of the cheeses did not
coincide with the amount of Lactobaeillug bulgarlecus starter used
in making the cheese, It has been thought that the nroteolysis
in cheese was due nrincipally to the action of lactobacilli, Assun
ing this to be correct, 1t might be considered, theoretically, that
'_chs more lactobacilli present the more extensive would be the
proteolysis, This was not substantiated by the results cbtained
in this work, However, it was found that of the 15 lots of cheese
mede with starters containing Lactobacillus organisms, only three
lots had less water soluble nrotein than the control cheese made
with commercial cheese starter, Thils indicates that the nroteo-
lysis was probably increased in the cheese by the additions of

Lactobacillus bulgaricus in the starter. It should be noted,
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however, that the majority of investigators consider the Lacto-
bacillus orgenisms most commonly found in cheddar cheese to be
Lactobacillus casei or some other lactobacilli than Lactobaeillus

bulgaricus.
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CORCLUSIONS

Pure Lactobaeillus bulgaricus starters give unsatisfactory acid
production during the manufacturing mrocess of cheddar cheese.

"hen Lactobaeillus bulgaricus and commercizl cheese starter are
combined in the cheese milk, combinations containing 30f to 601
commercial cheese _starter nroduce acid satisfactorily during
the mamufacturing nrocess.

Pure Loctobacillus bulgaricug starter or combinations of Lacto-
bacillus bulzaricus and commercisl cheese starter nroduce cheese
scoring lower in flaveor than cheese made with commercial cheese
starter only.

A true cheddar cheese flavor is not nroduced in cheese made
with starter containing Lactobacillus bulgaricus orgenisms,

A heated flavor is nroduced in the cheese when starter contain-
ing Lactobaeclllus bulgaricus organisms 1s used,

A crumbly body is nroduced in cheese when starter containing
Lactobaclillus bulgericus organisms is used,

There is no direct correlation between the water soluble nrotein
content of cheese made with starter containing Lactobaecilius

bulgaricus organisms and the amount of Lactobacillus bulgericus
starter used.

The water soluble nrotein content of cheese does not affe_et the
score of the cheese directly in »nromortion to the amount wnresent.

It is further concluded that the manufacture of cheddar cheese
using Lactobacillus bulgaricus as the starter or nart of the
starter is commercially immractical as no annreciable benefit
would be derived from it.
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SUMMARY of

PERTINENT DETAILED

MANUFACTURING DATA

LOT NUMPGR
”» i le. g l 4 ¢ 13 '8 |9 |Jo !l |28 1313 124 |35 |36
Pounds of
Fg%; 210 |210 | 210 |[210 [21C |210 [210 [210 |210 |220 |220 (220 |190 |210 |220 (20
8
at 3'8 3.8 5 8 5.8 3.8 508 3.8 3.8 3.8 3.6 3.7 4.1 3.6 3.8 5-5 307
riginal | y
acidity of
o1 |15 142D |14 [024 |425 |410 |18 [0 |18 |16 [416 [418 [416 |10 [416
er cen
commercial
cheese
starter
aded 0 0 U 0.05 0.10 0015 0:20 0.35 0.30 0.35 0.40 0.45 0.50 0.55 0.50 1.0
Bddeq 1.0 | 2.0 | 1.0 |0.95 |0.90]0.85|0.80| 0,75 |0.70|0.68|0.60|0.55|0.50|0.45 [0.40| ©
total
starter
fﬂ%&?t_____,l.o 2.0(1.0 |10 (1.0 (2,0 |10 |1,0 (1.0 [1.0 (1,0 |1.0 [1,0 |1.0 |1.0 [|1.0
< Y
of milk
015 .1#5 .15 .14 il4 015 015 015 015 017 015 .16 .l? 016 |15 .16
*GI%§§Y
after
adding
Eiﬁf&g; olB | 17 | o17 | 218 415 |16 |16 | 417 |l |18 [ 416 |17 |.185]| ,166(,16 |.17
| ng
coagulant | 17 | 18 | 418 | 416 |16 |16 [L,17 | 18 | .18 | .18 | ,165|.,17 |.185] .18 2a T 2%
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