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IIiTR ODUCTION 

In r cent years , th use or . a.ste 1r zed milk fo1· cheese 

makine, has m de necessary the use of starters of lactj_.c acid ro­

ucing organis ns for th ~urnose of nroducing lactic Cid during 

the a.nuf ci.uring nroe ss . Thi. has be .n cco lished by the 

ddi tion of commercial choes starters usually cons id r a to l:e 

comno~ d of Jtr ,ntococcus lnctis 1th the associ tn org.snisms 

Stre"f"\tococcus citrovorous a.rld S tre"tococcus ;oaracitrovoro:gg . 

Difficulty has been mcom t red in rw 1nstenc 1th cor 

ac roduction in th cheese uring the nufacture . This con­

dition usually re ulted in a oor vat of ch se , . tc l en old 

on the mark t,. was usually enal1zed in rice for its inferior 

quality . This s lo ass 1n acid reduction y hay~ been cau-ed 

by noor handling of the star ter or conta dn tion of tl e starter 

·th b cter1o~ha@ which caused lysis of the beet ri . 

Besides acid ~reduction the ~roblem of the nro~er develo -

nt .flavor in cheese m e from ast urized milk is 1 ort rit . 

Difficulty was neounter din v loning characteristic chec Qr 

cheese flavor in che se ad f'rom ast urized milk. This s 

1 

thought to be caused by the killing by naoteurizat1on of tb . Laoto-

ba.cillus organisms, hich h ve been considered by m ny to r .. •·..,ons-

1ble for t he cha.ract ristic chedd ch esa fl vor . 

The o0 5ible an ~er to both the nroblom of acid ~ro uction 

nd the d velon ent or fl var during curing theoretically mi~ . t 

be t he use of strong 1 ct1c acid ,..,reducing Lactobaclllu~ rgan­

ism which nrobo.bly ould not be sub j ct to att ck by bacterio ':l ge 

as easily as ordinary starter organisms . 
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REV! · 0 LI 'l'URE 

"asteurization of rnilk int Led for cheese ma.nuft.etu:ee 

has beco des irable ~r c ice in recent y~ rs . e :ael ( 9) 

rev e e ost- ar 1cture of .cheese ma.kin d f'onn that 

the cheese industry -as gradually ch nging fro raw to nasteur~zed 

mi for cheese making . He ointe out th he ar l,rought hout 

ly ne as ect in the r,rogr m of nest urizine milk for 

che se , o ing to the occurence of outbreaks of dise~ se~ ttr' uted 

to the comsum~tion of fr sh , r milk eh~ se . He called attention 

to }1e fact, ho ever ,- th t the objection to asteurize ilk heese 

s th&t it did not cure as quickly n 1.d not develo'l"I the char c­

teri .., t:f.c navor of re m lk che s • 

· :tlster (20) 11s t d sever 1 dvantage..; of tho nufact11r of 

cheddar cheese from '!'l&steurized milk . The advanta" s a 

1 . thogen1c bacteria causing disease in man. if nreqent ir 

the mile , ere destroyed by nroner _ steur1~ tion. 

2. Gas nroducing b cteria nd other undesirable bacteria 

r either destroyed or gr tly r dueed in number . 

3. Th re is much better control of the manufacturin nrocedure , 

es,iecially with resr,ect to the control of cid d moisture . 

4. The cured ch se is generally of ab tter flavor ~~a when 

r ,1 milk is us d . 

5 . The cheese can generally be ri,., ned at higher tom."' r -

ture than can raw milk che se • 

6. Th cheese is unifor from ay to day . 

7 . The yield of cheeso is slightly increased because l~.s 

fat 1s l ost in the hey and slightly more oi tur · ~ re­

tained in the ch ese . (About O. l ,-,oun che (!e additional 



from 100 ounds of four ere nt milk . ) 

8 . ho fin ncial loss resulting fro a d er .ase in the ~uality 

or cheese when k nt in storage s reduced to a minimum. 

9. The amount of second gra e and undargraae cheese is greatly 

reullced hen the cheese is m. de fro r,ast~urizo milk in­

s toad of from raw milk . 

10 . If reilk of good qualit is use • if an activ ntrrtar is 

added , and if th 

~"le se obt ined 

· nuf cturing methods arp correct , 

ill '.l'egularly score 92 to 93 . 

The dis dvanteges 11ste by .11ster are: 

b 

1 . The cost of nufa.cture is sl1 htly Sncr sod .. is tray 

amount to as much a 0 . 2 to o.3 cent a ound or cheane . 

no ever, an 1 c~eased y1el may offset thi lncreef:e in 

th cost of manufacture . 

2. As the cheese rom nssteurized millr r1 ans more slowly 

the.n that ade from ra milk , it must b held lo~or b -

rore m keting. 

3 ., A sha flavor oes not develo in cheese from s eur1z-

e millt if the manufacturing methods are correct . 

In inve~tigating the manuf cturo of chedd r cheese from nast­

eurize ilk in commercial lantr.-, alter a.n· Lochry (19) ro d 

that nronortion of No . 1 cheese n much 1 ss when th milling 

c.l ~ity s l 0 ss th n 0 . 35 nor cont or high-r than 0 . 55 ncr cent . 

%'hen t.~e milli~g acidity s collr'l&r tiv ly 1 or co~ ar tlvely 

high, ost or the cheese u~u lly gad d ro . 2 or und r rad, b cause 

of defects in body m fl vor . 

alter and Lochry (19) sho ed data on th grades of chee~ made 

from ra and ·om~ steurized milk in nlants that had changed from 
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of 

to 

e,11 of' to more 

• l oheese. 

' 

than th!?, 

or 
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ch ese . Evans. Hastings and Hart (7). in their investigation of 

bacteria concerned in th l'lroduction of ch raeteristie flavor of 

eheddar ty~ cheese, indicated that t the b ginning of the rinen­

ing neriod the ratio bet en flBaet rium lacti~ acidi" and •1act1c 

bacilli" ,, in a general ay , b exnressed as 99 to 1 . This ratio 

gradually changes as the rinening nrogresses until, in cheese 3 to 

6 months old, the ratio is reversed. They eonsi red it a~nar nt 

that · e larger nart of the growth of the llBacterium casei" groun 

must take nlace after the fermentation of the sugar in the cheese 

by •Bacterium lactis acidi• . They showed , in effect. that two 

major fermentations took lace and were res onsible for the biologic~ 

al 1')8Tt of flavor deve lonment in ch ddar cheese: 

i.. Fermentation of lactose to lactic acid by the t trentococeus 

groun of lactic organisos . 

2. Ferm ntation of casein to simnle aminio acids by the Laeto­

bacillus groun , and ~robably some breakdown of both lactic 

acid and r ma1ning traces of lactose by these same organism~ . 

It s noted i n this work that 1n raw milk cheddar ch ese and 

in nasteurized milk cheese the v1denca ointed to the fact that 

the ttBacteriurn case1• groun common to both tynes of cheeses was 

a arently resnonsible for the biting characteristic taste . 

In 1934, Dav1os, Davis , Dearden, and •at tick (5) made some 

stu 1es on cheddar chees in which one o:r the exneriments consisted 

of adding either k@.ctobacillus casei or Lactobacillus nlantarum 

to the starter used in caking the cheese . They noticed that• at 

the end of one month , there was a decided difference in the amount 

of rotein breakdown in th cheeses to which Lactobacillus had been 

added as conn,o.red to the control cheeses . Ho ever, after five 
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months, no a~narent diff'erence could be detected . 

In determining the tynes of b cteria found in commercial cheddar 
- -

cheese~ Rucker (12) examined 3? samnles from an~roximately 25 facto­

ries . He found that the better grades of ehe se contained s distinct-

ly different flora. from that of nooror grades . e concluded th t 

in the better ty'l"\es of cheese ~tre:ntoeoccus lactis and lacto­

ba.cilli nredominatad, hile in th oorer grades, the snore form-

1ng and gram-negative rod re l"l' sent in the largest numbers . 

Lane anc1 Hammer (13), in studying the effect of La.ctobacillus 

ease1 on the nitrogenous decomnos1tion 1n cheddar cheese made 

from pasteurized milk, made nine series of cheese using · 1ght strains 

of the organism combined with commercial cheese starter . Control 

cheese was made using only commercial chees starter •. Thay found 

th t the cheeses made with inoculations of Lactobaeillus casei 

had a more ra id breakdown of the rot in than those made w!thout 

the addition of the organisms . 

In examining the bacterial flora of fie Zealand cheddar cheese, 

Sherwood (16) isolated 720 strains of lactic acid bacteria fl>om 

thirty-siX tyn1cal. cheddar cheenes . Of fueee 720 strains, the 

~redominant organism s shom to bo "Stre~tobaeterium ~lantarum~ . 

Dahlberg and Kosiko sky (3) , in discussing f'lavor develo~-

trent in cheddar cheese, maintain d that the ba.ct ria 1n starters 

used in cheese making died r ther ranidly during the rinening of 

cheese . However., some bacteria such as lactobacill1 are nresent in 

small numbers 1n milk, and davelon to large numbers in cheese . 

They attack casein and other ~roteins and might nroduee flavor comnounds . 

McDonald {14) studied the rate of rinening of cheddar cheese . 
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There 11ere three grour,s of ex eriments run . Both ra and pasteur-

1zed milk cheese s made with ddit1ons of Lactobac1llus easei 

in the follo ing manners ~ 

1 . Milk in the eheese vat n 1noculat d ith cuJ.tur s con-
-

taining varying nror,ortions of Lact9bacillus case1 and 

Strentoeoecy~ cremoris . 

2 . Ju("!t ,-,rior to the hoo ing, the curd s inoculated with 

cultures o:f LactobaciJ_lua cssei • using whey as th ba ic 

medium for gro th . 

3 . Immediately after removal or the hey from the vat the 

curd was inoculated 1th cultures of Lactobacillus casei 

gro in milk . 

It was concluded that : 

1 . Develo ment of mature flavor in cheddar cheese could be 

hastened to a considerable extent by the addition of 

cultures of Lactobacillus s_ase! during manu:facture . 

2. The incre se in rate of flavor develo ment was I1M:>st rc.a.rked 

when whole milk cultures ere ddad to the ehee se 1n the 

latter stnges of manufacture. but the flavors 't\h.ieh develo~­

ed as a. result of the technique ere not uniform and un­

desirable off- flavors ight occur. 

3 .. The most controlled inrr,rovement in the rate o:f develo -

ment of mature flavor took nlace when hey s used as 

a basic medium for gro th of lactobacilli cultures~ but 

at . resent no ans have been devised to make use of ey 

base cultures as commercial ro ositions . 

4 . Extreme caution would be necessary 1n arrnroaching the 



subject or commerci 1 an~11cation of lactobacilli 

cultures to increase th rat of ri.,.,en ng of chaddar 

cheese . 

8 

Dane , Anderson,. .arren , and DahJ. (6) X'l"leri 0 nted 1th various · 

pure cultures added to regular starters in th nuf.'acture of cheddar 

cheese frot:1 raw milk . The cultur. s used were La.etobacillus bul-............... -... .......................... ___ 
garicus, Stroptoc9ccus citrov9roµs ~ trentocoecus paracitrovoroB§:, 

Streptoco c.us la9tis and an cido rotcolytic coocus which could 

not be identified. Their results sho ed that eheeso made 1th 

regular commercial mixed starter su ~lemented with L ctobacillus 

bulgarigu~ as lower in fl vor score than the control cheese made 

1th regul!lr starter . Among the other cultures used in a similar 

manner* the Stre~tocoecus c1trovorous nrodue d n unclean flavor 

when the cheese was cured at 63°F. and a bitter fla or en it was 

cured t 43°F. Strentococcus narncitrovorous nroduced n slightly 

better flavored cheese at a ri""°ning temnerature of 43°F. than did 

th control cheese made with regu1ar commercial cheese culture, 

and a sligbtl.y 1n.f r1or cheese as co ared to th control at 63°F . 

Streptpcoccus lactis gave good results throughout and roduced 

cheese higher in score than the control in all cases . The acid­

crorotoolytic coccus~ hich could not be identified, as isolated 

.f'rom cheddar cheese and gave higher scoring cheese than the control 

and the other ch eses 1n all cases; it usually re ched full flavor 

in eight eeks at 63oF. 

Hansen, BendiXen and Theonhilus (ll) c0t:rrnared cheeses made 

with Strent2c2ccus lacti~, Strent2coccus c1tr9vorous, 

na.raeitrovor9ys and t o commercial cultures . Their results ere 

similar to those of Deane, Anderson, f arren, and Dahle (6) . The 
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commercial cultures gave cheeses that r good in body, texture 

and flavor . Streptococcus lactts nro uced a oho se slightly 

inferior in flavor but better 1n body e.na texture . en less 
- - -

than four ~Gr cent s tre»tgcoccus ·~ ;;o.ci trovorou~ as used , the 

cheese nroduc d as slightly bitter in flavor 1th nn 01°'en body . 

Four to ten ner e nt Stre tococcus ,arae1£;r9v9r9us roduced a 

cheose decidedly bitter in flavor •. Strentococcus citrovorous 
. -

in all nercentages used, hich as from one o tanner cent , gave 

cheese with a bitter flavor and an o en body . 

In a r cent work, Dahlberg Kosiko sky (4) renort excellent 

results in navor n duction and nroner body and texture develo-,­

nent through the use of co mercial s arter sun. l emanted by stre»tp-

cos;cus faec@J.i§i . They claJ.m that ell-ripened cheese of medium 

flavor int nsity s produced 1n 2 . 5 months at 600F. en ~tre'"'to-
coccus fs,.eeali§, start r as used 1th th usual lactic start r . 

In revious ork, Dahlberg and Kosikows y (2) attenmted to 

find a correla t1on bet e n the flav r , vola til acidity , and 

solubl ~rot in in cheddar cheeses d concluded that tb r s 

no direet narallel bet een flavor and volatile acidity .. In only 

t o cases did they notice a dir ct rolationshi bet o n the solublo 

rotein and flavor . Ro. ver, the associ tion of soluble rotein 

in th he ses and the age of th cheeses follo d tile general trend 

of increa.s d solubl nrotein 1th increased age . 

ork in which moisture content s shown to influence the break-

down of th cbee se done by Van Slyke and Hart (18) in which 

one lot of cheese s paraffined and another lot unnaraf'fined . 

These chees s wero cured at the same temner ture, and at the 

end of 12 months e1•e analyzed . The amount of nrote n breakdown 
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in the 'T)araftined cheeses was dee1deC.ly greatt:.?r end the moisture 

loss less than in tt1e unnar.aff'!ne<l cheeses . Freeman (8) ~ however. 

concluded that ehe.nging the moisture content of the ,cheese through 

slight modifications in the clll'd making nrocass oould not be 

expected to influence materially the rate or ripening in the cheese •. 

The ma.jol"ity of investigators seem to think that lactobacilli 

play a major ~art in ·the curing l"ro-cess of cheddar eheese . Slat tel" 

and Halvorson (17) foun~ that the majority of lactobaeilli -present 

1n raw milk cheese ean be killed by ,,asteurization at l430fi' . for 
30 minutes or 160oF. for l? s~eonds . Based on their findings, 

they suggested that tba r·i-r,en:tng of ehedcsr cheese made from nasteur ... - - -
ized milk may nt>ss1bly be aecele:ratG"d by adding the -nroner I~aetg­

.bae11lus culture, or by raising the ri,,ening telll'!'\erature or the 

cheese to sunnly favorable growing tem,,erature for the reduced 

numbe1~ of lactobe.cil11 that survive pasteurization. 

The three better known sneeies or the genus Lae,tobaeillus are 

given b;y Rammer (10) as ftsictobacillus bulgg;tcus,_ Laetobaeillus 

a,c.idolph:llus.,, and l4.,a.c.tobaeill\1s csse1 . 

A comparatively high temnerature,, in r-elation to other lactic 

ae1d T1roduc1ng organisms, greatly .favors the growth of these Lacto­

bacillus organisms . The growth tem~ere.tur:a is one dif'ferentiat­

ing characteristic between them. Lactobaaillus 81'1®.J.J,'!h~lus and 

LactobaciJJ:UA bulgarieus grow at usoF ... but not below OOoF. ,, 

vn1le La.etobecillus ~~ does not grow at ll3°F. but does grow at 
59°F. and also at lower ta~neratures .. The organisms are fa?ul-

tative . Rammer further exnlains that the_ close relationshin of 
I£a.etpbe.e1llus case1, tact2bac1llus aeldolnhilus, and Lacrtobac~111us 

bulgar1cus ·s soon evident when these organisms are comnared. 

There al>"learti to be no clearly diff'erentiating characteristics• 
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tative. 1Jactgba.cillus~ b,t1lr:;q.1"J . .sn1.s so~rm:; to be the s~ongest 

lactic aa:ttl nroihacor ""71.'tsh ... L ... n ..... c ... t.,.n .. b. · .... a ..... c""'"'i.,.,. 1_.· ...... 1 .. u ..... · . ..,..·~."' acidolnh!lu:s 1~eeond. while 
.._ ~ ...-..• ,f __ . r _:=n __ l!IIP 



of the milk v:1th rera1et and for, tl1e :r~strietion of ur1des:tr,able 

bacteria. It also £dds in exoollir1g t'iihey and 1n cot1trolling t.he 

l}l)i.stu.re content of tb.e cheese. 

12 

In tt1G r}!i.St, the !)r:b1ci'!:lal starters crm,.J.oyed, excluding the.sa 

in exner1mental 1'1orl~t ht:}:VSJ been those of .~tr,er.tqeoceus 15et:is, 

with its a.ssooiatect orijttn:tsms. The d1tfieu1t1es e11cc>Untereca with 

these starters were their vw.nerabllit~r to bactcri~~hage or other 

co:nditions. ea.using slow acid develar,ment, and their :tne.bili ty 

body develon-

millt chedt1ar cheese normally eonta:tns tscto'baailltts 

organisms wh.ie11 werG 'Present in the mill,;: delivered to ·the cheese 

1'1ants. The wAjority of' these Lactobae1llu!:i. orgru.1:tsms at•e killed 

therei"c:r:i:-e I to, ood laetobacilli tLS f-'f-li,rt of the cheese culture. 

In view ot the inf ormatim1 available J the t\lYiblem r,resenteo 

it!H:1lf as beir1g to attempt to manufactlc1rc ehedda:r eheesa from 

p,asteur.ized milk ~rith the a:td of a nure culture o.f t 2etQ'bacill.us 

ma;te;ai:;teus organisms alone Oll in combination with comm.Arcial 
.... "" ,4,.- -
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du.etion of a ehars.cteristio cheddar cheese flavor. 

The ,,rob:lem involves five rE1qui1·e:It::ients: 

l. "'~steur:tzat:ton ot the millt fol' maklr1g the e..tieess. 

2. Use of a controlled tirae n1ethod o:f 11an1:d'acture • in t,::io 

f&' as nossibls * 11.1 order to have a minlnmm. of VB1•iables 

in ma;nufacttll'ing nrocei.'Iure. 

3. The use ut" a Trtirc :1trnin of Lacto'baeillus l)t11ftaricus 

alor1e or combined with regular lactic cheeso t.1"Ultm"e •. 

4., R.:1:p¢n:tng of tt11e cheese at the higli.est recommended. tenm­

el.'"a ture • 

6 • W.rJ:1.mination of' tti.e cheeses af~ter four month.s crur:t.ng to 

obtairi :inf'ormation a.:i to the results.. The examintttlon 

consisting of scoring the cl1m1Hi11;s tor flavo1" ., color• 

boc.w and textux•a and analyzing t.riem fo:t."' tno:Lsture content 

~d wata:r soluble T>rota.in eontmr1t ,., 



THOIS 

• Cultures lection and onagation 

From a practical stand oint , no ttemnt made to roeur 

an ou standing culture of the organis used . The cultures used 

re obt 1ned from commercial laboratories and. w re started 

s 1mul tana usly , oXi tely one ek after being received . 

One was a regular lactic cheese culture , rasumab~ containing 

the usual Stge:gtoc9ccµs J: ctis with th associated organisms • - - -
~treptgepccus citrovgrons and su-o:otqcpcgus paragitr2vorous ; the 

other s nure cnltur of Laetobacillus bulgnricus . 

Mo attem.,,t was made to verify the identity or the organisms 

14 

in the mi.Xed lactic culttll'"e, but the ur culture or Lactobaeillus 

bulgarj.cus was st 1ned and obs rved microsco 1call.y. The organis,ns 

re gram- ositiva , and the ann are.nee ot th organi~ 
- -

with the usual mornhologieal escr1nt1on giv n for th • 
The cultures ere ro!lagated dailY , exce t Sunday• in normal 

mixed h rd skimmilk . following recommended. procedure,s . The 

regular lactic cul.ture as carried in 1000 ml . Erlenmeyer flasks 

containing 500 ml . Skimmilk . The f'le.sks ere st.om>erod w1 th 

non sorbent cotton lugs and c ed 1th archment a r • hald 

in l ee by · rubber band. The fle.sks containing the milk er 

heat treated in an autocl :va 1n nowing ste at 210°F. :for 30 

minutes . The:, re then cooled to ?o°F. (plus or nus 2°F . ) 

and inoeul ted with one ar cent of culture using es tie technic . 

Trans.fers re mad with sterile glass 1 tt s . The .f'laskS" 

re then incubated 1n a thermostatically controlled incub tor 
• 6 

at 70°F. C lus or minus 2PF. ) for a l)ariod of 14 to 16 hours .. 

U on remov l from the incubator at the end of the incubation 



erio , the cultures were obs rved ror firmnes of coagulation 

and then coole in re:f":rig rator in an 1 d ater-bath until 

again transferred . 

The ure culture of L&lctobacillµs bylgaricus required 

15 

differe,nt handling than the regular lactic culture due to the gro th 

t l!l?)erature requirements or the organisms . This oultm•e was nro .. - -
-pagated in the same ty e of containers .. containing the same amount 

of milk,, and sto nered in the sa , mnner as the regular lactic 

cultures . However , the milk used as sterilized at 15 ounds 

steam ressure £or 15 minutes because the incubation temnerature 

necessary for gro th of these organisms is very favorable for the 

gro th of organisms which nught be present in the milk that with­

stand ordinary pasteurization exnosures . fter sterilization, the 

flasks .ere cooled to between eo°F. and 100°F. and inoculatad with 

one er cent or culture . The flasks were then ineub ted at 100°F. 

C lus or minus 20F . ) for a ner1od of 14 to 16 hours . A:fter incuba­

tion then sks were nlacad in a refrigerator in an iced water-b th 

until the next tr nsfer . 

, en bulk starter was needed , 1t s made in the ame manner 

as the oultur s , exce t that the Erlenmeyer flasks us d re of 

2000 ml . eanacity and th amount of' milk used was 1500 ml . ner 

flasks . Th length of heat tr atment s extended to 45 minutes 

for the milk used f .or the reguJ..ar lactic start r and to 00 minutes 

for the Lactobacillus bulgaricus milk as a sa:rety measure beeausa 

of the additional quantity of' milk used. 

B. as eurization of the cheese milk. 

The milk used for making the cheer. as regular m!Xed milk 
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to select any esnecitJlly good milk. The butter.• fat content of 

the milk varied ft"Om a.65f to 4.l;ts. 11.11 milk used vl~$ i,asteurizad 

in a b~Jteh 'i'\~Jzteurizez• at l43°F. to 145°1?. for e, r,eriod of' 30 

n:dnutes and then cooled from 80°1'%'. to aeoF. over· a !3Urface coole1 .. 

em'!"."loying st7EHeat wntor as 'tnG coolant. It was drawn off in ten 

gallon cans t1nd nourea 1@JI1ed:tately into a r,reviously sanitized 

C. l!anuf'aet,uring r;rocess .. 

soon a.s the cheese milk lffiS nlaceic1 111 the vat, the tetm-

. 
(21}, and als;o advocated by ~ricf? (15). Pi sch\!'.rm:1:.tic outline of 

tbj,s; tr1t}thod taken. f:t-.tu:1 i.~rilster (21) is re-nrodueec1 Qt! nage 17. 

day to day so the.t variations involved oruy tlle nro'l"lortions of 

jJ&,c;i,lluff pulf!a,~iet.l..§. starteI· and oombinet ions of Lactgbacil:f.tt,~ 

bulgaricus with commercial c1:1aese starter. 

The lowest rlit:i.o of Lactobac:tl 1 us bulgarieµs to commercial 

starter v1~1ra not made •. 



LATE I 

TI THOD OF NUF CTURE . 

Adding starter 

a. hour 

dding rennet 
(Setting) 

20 to 
Cutt1n 30 min . 

15 min. 
Steam o 

30 min. 
J./4 

S te of'f hours 

Draining whey 
( Di ping) --------------, 

15 min. 
ackiue..----i-

2-1/4 
hours 

llin,g_ ____ _,.... ______________________ ---t 

15 in. 

Sal.tin&.----1.--~------, 
"O min. 

Hoo 1ng_ ____ ..,.._~~---""":"!~~---
Pressing_ __ J__ta..JWJ....lW2.1:t.:mt.---, 

30 min. 

4-1/2 
· hours 

Dressin&....--------------------------L.-----------------

17 

7 hour 
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9 ml. samnle ,1ith o.in sodium hydroxide solution, using Tthenol-,,h­

thalei:n as the indicator. The l'i1l. of o.lM 1\:sOM used divided l>y 

lO was recorded as tile ""er cent lt,,ctic acid in the sarnnle. 

All lots or milk were set at tsnii,c·ratures from al'F. to 88 °F. 

The rate of rennet addition vnriee from 3 to 3! ounces t.\er 1000 

pounds of milk. Color 't'Ja.s ao.ded at tlle rate of l to l} ounces 

'J.'Jer 1000 pounds· of' milk. 

The cheese was cut after the eoagulstion wa.s sufficient to 

cause a clean break of the curd by the finger tast. The eutt1D{! 

of the oh~cse w-as done with l, inch w11~e l',rdves t follorlng the 

customary method of using the borizonttl knife lellGthv:isa and then 

the vertieal knife lengthwise and erossw:tso. 

After cutting.,, the curd. was stirred gently for 15 minutes 

without heat 1n order to exnel whe3r and to slightly firm the curd. 

The eheese tYtJes cooked by 1"aising the temnere. ture: of' tt1e curd 

in the whey to 100°F. to 102°F. in a "'-eriod of so minutes, and 

holding it at that tenmerature tor 45 minute~ to an hour in or•der 

to attain the nroner firmness of' the cu.rd. '1'111s vra.s determined 

b:y· nressing a handful of curd narticles lightly em'l then opening 

the hand quickly.. Tib.en the firmness of the curd was such that 

the particles fell euart rather easily, the whey was drainecL. 

The ctt-rd was w-.etted in two r,iles,. one on erich side of the 

vat. !;;then matting was sufficient, the niles were eut into siX 

inch blocks and naoked by inverting the blocks. The cheddaring 

,:,roc:ess was hegun an soon ns blocks uere t·:trm onot,gh to himdle 

ea.sily ., Cheddar1ng ~as done by turning tl'}e blocks of ct1rd anr,roxi­

metel.y every 10 minutes. "f!Jhe.n whey ceased to drain r.,ith blocks 

.only one high,. they ,:;ere 'Oiled two high an.a then three and four 
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ocmnletc in l 

hour· and 4!3 minute~. to 2 hou:r::1 • 

to heal 

to dry the s1.1t>f'ace. At the end of th13 neriod_. th.e cheeses •»ere 

by di't')'l'"liniz in ns.raffi.11 at 240~". i;o 250°'.F. 

The ehe@ser! were cn.1:recl in a che~se curing room &t temneratures 

ranging from G0°F. to G5°F. 

d2ta eclleoted cansistad of the resul t:3 of three 

textni--e, 

iniJtances three 
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ir,; the oninion of some investigntor•s t?.lst moisture content directly 

influences the ripening. Tlle r,roceo.ur-e for daterm1111:ng the moisture 

was the 24 hou.r- method given by \vilste1~ (21), consisting of heating 

the weighe,a s&mnle (ai,,.,roxi.metely 2 grams of cheese) for e, 24 hour 

r,eriod in ~ti oven nt 212°:F. (100°c .,) " after which, the sample was 

cooled in a dcsiecs.tor to room tenmet•P,ttu"e and reweighed.. The 

difference between the original oo1ght or sari.nle end the might 

after drying re-nresented the amount or moisture lost. All sam'1"llcs 
- ·-

?.ere weighed to four decimel r,laces. The moisture T)ercentage ~s 

calculated to the 1:i.earest one 111.mrlredth of one '!'\f.tr cent,.. 

n'ater soluble ""rotein content hss ooen considered one of" the 

oensti tuents in chee~a indicating the oogi•oe of "n:roteolysis which 

The method of axtre.cting the wate1~ ::10J.uble 'Protein followed 

a teehnie based ur1on a method by Sb.arn as 1-enorted by Dahlberg an.d 

Kosikowslcy (2). The ~rinei-r:,1e of the method is to maintain the 

pH (at,nrox:lrnately 6) and tl.1e salt content co~a1~able t-o that of 

ehetid&" cheese by a. buffer. sa.lt solution while the soluble m"otein 

is being dis;;olved. in the ·irm.ter. 

The 'Soluble '1:>l'"Otein extrae:tion solution ,ms 1>re'lt')ared as follows: 

J~. Stc,-Ck solution 

57.5 ml. glacial acetic acid 
136.1 g. sodium acetate (Zfle()) 
47 .• o g., sodtum ehlo:r:·ide 

6.,9 g. calcium chloride (anhydrous) 
Add water to make l liter. 

B. F%xtraction solution 
Bake 250 ml. stock solution u,i to 1 liter 1:'rith water. 

The soluble 1'l'.'ot.ein ~ms extracted as f*ollows: Three grams 
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su vJe:i: t? "'"e1.ghed 1~o T::itldn O .Ol gram and nlacec1 in a 'rH,rce­

iain mortar .. A small anount ot' c:dracting solution at 122°F. (So0c.} 

lon nsz f'iltered througl1 E, fluted filter, ano &, 50 ml. 

(1). hf'to:r cligestioni thG nitrogen in the form of 

hydroxide sr}lution c;f known nonnality (s.~nroximEtely o .. 2W}. From 

the millieq't:dvale:nts of acic. unaccorm:t.Gd for by titratlon with the 

s'tano.u1•d l1iwe, the .,,er cent of soluble n:rotein was calculated. 



A. The influence of various comb in tions of L ct2be.cillus bul­
ga.ricus and commercial cheese starters on the rate or acid 
dev !o ment during cheese nufactur . 

22 

Sixteen lots of eh ese re mad using various combinations 

of Lactobaeillus bul~aricus and comm rcial cheese st rt r as shown 

1n Tabl No . I . 

In ots 1 1 2 1 and 3 Lactobacillus bulgaricus culture only 

was used , n r ts to 15 inclusive L ¢toba9illus bulga.ricus as 

m.ix d t 1 com reia eh ese tarter ranging . om 5fo o 60,( of th 

total starter us an n Lot l comm rcial cheese starter only 

was used . 

eid d velonment at the various stags of the manur cturing 

ocess 1n eaeh of th lots is shown in Tabl II . Datailed manu­

facturing r ""orts are sho in . n ndix I . 

1 .. Cheeses made 1th Lactobacillus bulgaricys starter . 

Lots No . 1 ,_ 2 , and 3 , 1ch re made using Lactobacillus 

bulg icus s ,arter ent!r ly , sho d unsatisfactory acid develo ment . 

A definite 1ncr as in ac1di ty of the c eese milk was noted immedi­

ately after tho addition of the stm•ter. This as T>robably due to 

the high cidity of tho start rs used ich ranged from l .86;( to 

2 . 20;( calculat d as loctic acid . Th cheeses sho ed slow acid 

develo ment during the r1 ening eriod in th ·se thre lots . 1th 

ordinary ehe se cultur the increase 1n e1d1ty during th cooking 

-period is usually o.04~ to o.o5~ whil Lots l , 2~ and 3 sho d an 

v r ge incre c of only o .01~ cidity . 

Th ost docid lac of acid develonment in the che ses made 

with Lagtobacillus bulsm;:!cus starter was observed during the 

cheddar ng r iod . The results in Table I I sho that th milling 
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acid! ty in the three chees s ade . 1th Lagtpbaei;llus bul£ 1eus 

s1,erter v&S o . ~ bile in co rcial en es the eid1ty normally 

oev lo. s u to o.4~ to o.sft( in the 

at millit • 

L ts 1 2. and 3 . mad f'ro. ,aetobacillus bul ~icus starters • 

also di not .firm ui, as ll BS s c1 sired during th coolu.ng 

1•iod, but no tt t ma.de to increase ha .firmness ot the 

curd by using cooking te ratur ~ above 102 •· $1 

1.o . er coolring er1od ~loy d · an th r gul.u l bour and 15 

·nutes to l hour and 30 minut .s 

fir • t. though the eh es . closed u 

e the curd more 

11 during ched ing an at 

l!li.l.ling normal in eeranc th eurd l eke t,. e ,ough , 

rubb JJY fe l of normal curd . 

Th results in J. ble II indicate th t nure 1'tetpb .. ~ill;g-:. 

~6l:i.l~~~ s tartars gi v t atisf ctory acid dev lo roent f'or cheddar 

che se making. 

2. . Chees made witb co bin tions or Lactpbaeillus bulggicµ§, nd 
co m rcj.u.. ch ese s tarte s . 

Lots 4 to 15 1nclus1v ·lot$ co .nati ns 

The c dition of corm:.ercj ol che s s +: r a · r" nged i'1·0 5f t 6 , 

of ,ht) tot 1·1 st te use • 

Lots 4 to 7 in"'l l ... J.V ·, in ich the st ... tor 

1n gen ral as highe th in th eh es,!)s ma·,: t.c:ti. 
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bulgarj_m only . The milling acidities ranged from 0 .19fo to 0 . 28% 

in Lots 4 to 7 inclusiv9 , which is generally cons derea too low 

for ractical commercial manufacture . 

The curd in Lots 4 to 7 a . pe2.re normal but it la.clrnd the 

characteristic toue:.h , rubbery feel of normal curd at milling . 

Lot No . 8 , which wa made with a st,rtar combination of 25% 

commercial che .se starter and 75fo' Lact.obacillus bulgarlcus , showed 

a distinct im rovement in acid reduction over the cheeses inoculat­

ed with smaller amounts of commercial culture . The develo m nt of 

acidity during cooking of Lot 8 was not significant , but the final 

milling acidity of 0 . 41% was much higher than the milling acidities 

of the previous se-.,ren cheeses in which the highest milling acidity 

developed as 0.28~ . 

Lot No . 8 produced a curd morA characteristic of good cheddar 

cheese in app~arance and feel than any of the preceding lots . 

Lots No •. 9 to 15 inclusive were made with combinations of 

Lac tobacillus bulgaricus starter and from 3~ to 6Wo of commercial 

cheese starter . Th.a :results in Table II show that acid develonment , 

progressed normally in these lots . although there was some variat i ons 

in the rate of acid development among the various lots . The acidity 

at milling in Lots 9 to 15 incl usive ranged from 0 . 5Qfo to o .54( 

mich is within the desirable range for commercial cheese manu­

facture . 

The curd in Lots 9 to 15 had the tough , rubbery character 

desired in cheddar curd at milling . 

Lot No . 16 was made with commercial cheese starter entirely . 

Acid development was normal throughout the manufacturing process 

and the final milling acidity was O . 50% . 



25 

The results in Tabl II in ic te that Lactob cilJus bulge icus 

n:tone suns tis ectory as t rter for th m nufactur of cheddar 

cheese . ~· n regular commercial che s starter 

tion i th Lact2bacillus --------

as used in conjune­

rate of acid d v lo 

n: nt incre as t o ortions of co mercial starter used was 

incre ed ,, and n 307! or more of commercial cheese st rt r s 

used in conjunction ith ?~ or less of L ctobacillus bulg 1cus 

starter t.h a id develo ment during the manufacture s satisfactory. 



ot No . 

2 
3 
4 

TABLE I 

LACTIC CULTURES US.ED IN MAKING THE EXPERI MENTAL CHEESES 

~ ¥\lWIJ O w+ 'T~:~:mi ' I ~~~~:ro~ed 
cheese to inoculate· 
starter cheese milk 

0 2 
0 l 
5 l 

LACtPb@r:IUlli l>µlg;G;Ls;w, used 

cidlty o 
Lactobaeillus 
bulgaricus 
starter 

-
2 . 05 
l . 93 
2 .12 

-· 

-------
0. 81 

0 ,§0 
Q.&3 
g_ 
o .89 
o.a2 

N> 
en 



Stage 
or 
-rocess 

Original 
acidity 

TABLE ll 

Acid Develonment During the Cheese Making "nrocess in Choesa Made from 

asteurized Milk Inoculated with Various 'ro~ortions or Lgeto­

bacillus bl3!garicu1, and Commercial Cheese Culture . 

I 
.15 .15 .16 . 14 .14 . 15 .15 .15 .15 . 1'7 . 15 .1e . 17 .16 

. 16 .17 . 17 .16 .15 .16 . 16 .17 . 17 .18 . 16 .17 . 186 . 165 

.17 . 18 .18 . 16 . 16 .16 . 17 .1a . 1a .18 . 165 . 17 .185 . 18 

. 10 . 10 . 10 . 10 . 10 . 09 .10 .10 . 10 .11 . 10 .11 .10 .11 

. 10 . 10 .10 .10 . 10 .10 .10 .10 . 10 . 11 .10 . 11 .10 . ll 

s~terun off I .u .J.O .ll .io . 10 .10 . 11 . 10 . 11 .11 .12 .12 . 11 .12 

P_r.aining I . 11 .11 .11 .11 .14 . 11 .11 .ll .14 .14 .14 .15 .145 .16 

4 .11 .12 .11 .15 . 11 .14 . 13 . 16 .16 .17 .16 .la . ~.o 

. 16 I . 16 

.16 .17 

.17 .17 

.11 .10 

. 11 . 10 

.ll . ll 

.14 .15 

.15 . 14 

51 • so. . 54 . _. 50 51 . 54 l .52 1 . 50 

~ 
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The influence of various combinations of Lactobacillus bul­
gar1cus and commercial cheese starters on the score of --­
cheddar cbee so . 

The influence of the use of starters composed or ure cultures 

of Lactobac1llus bulgaricus and of various combinations of Lacto-

bacillus bulgaricus and commercial che se st rter on the score 

of cheddar cheese after r1nening for four months is sho n in 

Table Ill. 

1.. Cheese made ith Lactobacillus bulgar1cus startPr . 

The data 1n Table III sho that Lots 1, 2 and 3, made 1th 

Lactobac1llus bulgaricus as the sole cheese starter . scored lo r 

in flavor than the control cheese made 1th commercial cheese 

starter . The flavor on these lots ranged from 36 . 8 to 37 . 5 and 

averaged 37 . l hile the flavor score of the control cheese was 40 . 

The highest scoring cheese s Lot 2, made 1th a( Lactobaeillus 

bulgaricus, hich scored 37. 5. 

The rir1nc1nal flavor criticism of the cheese made with La.cto­

bac1llus bulgarieus starter as acidy 1th a secondary criticism 

of heated in Lots 1 and 2, and unelean in Lot 3 . The control cheese 

snot criticized for any off-flavor . 

The body and texture score of the lots made ith Lactobncillus 

bulgaricus starter s slightly lo r than that of the control 

cheese . They ranged from 28 to 29 and averaged 28 •. 6 bile the control 

cheese scored 29 .5 . All of these lots ere criticized for having a 

slightly crumbly body exce t the control cheese which as not criticized. 

The color score of the lots ma.de ith L ctobacillus buls;aricus 

starter ranged from 8 . o to 10 and averaged 9 .• 1, while the control 

cheese scored 9. 5 . These lots ere criticized for being acid cut 

and slightly mottled exc nt Lot 3 which snot criticized. The 



control cheese s criticized for being slightly seanw . 

2.. Cheese made 1th combinations of haetobacillus bulgs.ricu§ 
and commercial che se start r . 

The data in Table III sho that the che sc in Lots 4 to 15 
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inclusive , made with combin t1ons of Lactobacillus bulgaricus and 

commercial cheese tarter er. , in general, lower in flavor score 

than the control cheese made 1th eommerc1a.l cheese start'3r only . 

The flavor scores of these lots ranged from 34 .5 to 41 and averaged 

37 . 9 hile the control cheese scored 40 . The majority of these 

cheeses rang d f'rom 36 . 5 to 39 with t o excentions . These exee.,,tions 

ere Lot 4 hich scored 34 .5 and Lot 6 which scored 41 . The reason 

for these variations could not be ex'l"'llained . In general, as the 

emount or commercial cheese starter increased and the amount of 

Lact9bacillus bulgar1cus starter decreased • the f1avor score of the 

cheese increa.s d; ho ver. there s the excention of Lot 6 which 

scored 41 . 

There t'B.S a general relat1onsh1 between the milling acidity 

of the cheese and the score of the cheese • in that Lots 4 to 7 

inclusive . in hich the highest m1lling acidity obtained so. ~ , 

had an average flavor scor~ of 37. 3, hile Lots 8 to 15 inclusive, 

in vbich the lo est milling e.c1d1ty was o. 41(, scored n average 

of 38 . 1 . 

All of the lots made ith combinations of tactobacillu§ lll!!­
gai:j.cus and commercial cheese st rter re critieiz d for he ted 

flavor exce~t Lot 4 which as criticized for being unclean end 

slightly bitter . It is ossible that the heated flavor s Tiresent 

in this lot also but s masked by the unclean flavor to such an 

extent that it s missed . Lot 7 as also criticized for being 

unclean in flavor. but it snot esent strongly enough to mask 
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the heated flavor . Three of the lots, namely. Lots 4, 5, and 10 

r e criticized for being bitter or slightly bitter . In Lots 5 

and 10, ho ever, this flavor was accotl11)an1ed by the heated flavor 

and in Lot 4 by the unclean tle.vor . The de ee of the heated flavor 

in the cheeses med to decrease as the emo nt of Lactohacillus 

bulgaricus starter used in the manufacture decreased . This is 

illustrated b1 Lots 5 to 9 inclusive in ich Lactobacillus .2Yl.­
gar1cus was never less than 70!, or the total starter~ being criti­

cized for th full heate flavor, ile the heated criticism as 

only slight in Lots 10 to 15 inclusive in h1eh the ner eent Lact9-

baeillus bulgar1eus range from 65~ of the total starter down to 

4Q( . The heated flavor s much tt e same as the navor of the 

rinaned Lac obacillus bulgar1cus start r which had b:len nronagated 

in sterilized milk . These observat:i.ons suggest that the heated 

flavor s caused by some by roduct of the gro th of Lactobaeillus 

bulgariCU§ . It is also interesting that none of the cheese made 

with starter containing Lactobacillus bulgaricus organisms nroduced 

a charaeteris tic cheddar chee sa flavor , h11e the control cheese 

made with com rcial cheese starter only, roduced a good cheddar 

flavor . 

The body and texture scores of the cheeses made ith combi­

nations of Lactobacillus bulgaricus and co ercial cheese startPr 

were lo r than the body and texture score of the control cheese 

ieh was made using commercial chaos starter only . The scores 

ranged .from 25 . 5 to 28 and aver gad 26. 7 h1le the control lot 

seor d 29 . 5 . Ho ever~ 1 t a'l"\"eared that the body and texture score 

of the cheese deoreased, in general with decreases in the amount 

of Lactobacillus b aricus and increases in the amount or com rcial 



the totr:11 st:11rt~r, had rui average body ~m(1 t-exture seor(1 of 27.2 

while in Lots 8 to 15 inclusive, :tn whtch t.he amount o.f Lacto­

baci.11.-µs b;ulr;ar l9Y!t used (lro~t-e<] f1:ot'! 7.5f'. to 4;('4 • the l)ooy ~1,nd 
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!Gw body and texture score ,of tht:; cheese made using Le.cto~ 

,t,,acill.~1:a b,lllgltr;:Ictw, combined ti:Jith commeraial cheese starter a'O"l'eer­

ecl to deere:P,se i·Jith increai1ir16 milling aci,dity. Lots 4 to 7 inclu-

zar1-eus and commercial ehee,se starters wer,~ cr:ttic:ized t:J.5 be.1ng 

crumbly. Three of the cheeses,~ namely, Lots 4, 7, Bnd 8 ~ere also 

er:ttic:1zsd for being corlty, whiltn Lots 9, 10, 11, 12, and 13 ,~re 

er,1 t::tcizec1 for being menly in add:t t'.lon to crumbly. It ~s not.ad. 

t,h~t 811 or the lotg erit:te1zed, for l)ein3 corlry had milling ~u:idit:l$S 

of less than, o.50.1 while the lots eri·tici~ea. for being mealy 'were 

those hav:J'.r~ a m1.ll1ng nci(U.ty o±~ 0.5Qf: or higher. It mo,ybe also 

notec1 the;t Lot a wi:J.:tch baa less eork:i.ness than Lots 4 and 7 also 

had a higtie:t* ,milling ~.eidity. Th:ls tact mlght substnntiB.te an 

observation that corl:einess an~e:a,1•sd to decrease with a11 :i.nerease 

in milling acldity. 

l?~q,~ .. :JJ~u~ luugar,ic;u;~. t1nd commorciel chees0 starter rang.eel from 9 to 10 

and evera,ged 9 •. 45 in comnarison to a score ,of 9.5 r:or the control 
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10, and 13 were c:r1.ticizet"l 

slightly mottled in color,, while Lot~ 6 and 14 were given no c.:riti­

e:tsm.. Lots hr:wing 1noiv:.i.dual cr:i.tieismn were Lot: 5 criticized for 

being slightly t1cid cut, Lot 7 for ·tteing sltghtly bleac?:ied, Lot a 

bac.;JJ.}.u§ blll:Je'.ariou~J rated a lot110r av01•age flavor seore tban cheese 

made 1'Jith coml:,i:nations o:t' Lactgb,aeillus bul~aricu~ and commerc:tol 

lower flavo1• seore, the eheene made with 1'ure. I~actobaeillus bul .... 

ge.ricu.s, ~1tarter avar~1,r1ed ,a h:tgher body and te;..:twe sc:ore than the 

cheese made "11th combinations of Lnetobaeill1~s bulgarieun anrl 

commercial oheese starter,, ancl avoragec1 only O. 9 of a noint loTfl'er 

than the oont1~01. The flavor score of the cheese, in gentH."al, 



TABLE III 

Influence of Various Combinations ot Lactobae1ll3:3s bulgai-icn,1_$ and 

Commercial Clleese Starters on the Score of Cheddar Cheese at Four :Months of Age . 

-
To tel 

ot 8lll0unt 
0 ~ of 

st:rter 
rl.. tL 

1 l . 100 0 37 Heated 28 s1. I e.o 
ac:f.cly crumbly 

2 I 2 I 100 I 0 I 37 .5 I s1. aci~ 29 s1. I 9 .5 
1
s 1 . s1. crumbly mottled 

heated 
3 I ll I 100 I 0 I 36. S I Acidy I 29 \Sl. 110 1---·· l . crumbly 

unclean 
I . I 95 I 5 I 34 . 5 I Unclean I 27 . 5 ICorky I 9.5 

1
s1. 

l . Crumbly mottled 
bitter 

5 I l I 90 I 10 I 37 .5 I Rented I 2?.6 IC'rumbly I 9 1s1. 1 . acid cut 
bitter 

1 85 15 41 --~--' 27 . 5 Crumbly 110 
, ____ 

7 I l 80 20 36. 5 Heated 26. 6 Oor: 
unclean Crumly I 9.s· 1s1. 

bleached 
I I 25 I :37 .5 I Heated I 26.5 ls1 . I 9 .5 

I 

B I l 75 

~ 



TJ\BLE III (Continued) 

cheese 
1' lst;ter I I 

9 I l I 70 I 30 I 37 I s1. acidy 26 
Heated 

10 I l I 65 I o5 I 3a 1s1 . 85 .5 
11.eated 

1. 
bitter 

ll I l I 60 I 40 I ca .s I s1. I S7 heated 

12 I lJ I 55 I 45 I 38 .s I s1. 26 
heated 

13 I l I 50 I 50 I 38. 5 I Sl. 26. 6 
heated 

14 I l. I 45 I 55 I ~9 IV• slight 28 
heated 

1s I 1. I 40 I 60 I 38 . 5 I s1 . 27 
heated 

6 I l I 0 I 100 I -10 1---~ 29 . 5 

«control cheesG - No Lactobnoilll!S bulgaricus ac1ded 

Crur.rbly 
Dealy 
Va I'( I 
crumbly 
Mealy 

1s1. 
crumbly. 
. aly 

I 
Crumbly I Mealy 
Crumbly I s1. 
mealy 
s1 . I 
cruttbly 
Crumbly 

----

riticistn 

9 Sean:tY 

9 I Senll\V 

9 . 5 I Sl . 
mottled 

9. 5 I WtJ.V1 

9 . 5 I Seanv 

10 I ••·-• 

9 . 6 s1. 
mottled 

9 .5 s1 . 
seamy 

~ 
~ 
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c. ThP influence of various combinations of Lactobacillus bul­
icu and eomm rc1al cheese starter on the 1 ture content 
ch- ddar ch se . 

T o influence of the use of starters co os d of nure cul ures 

of LE-ctobac1llus bulgaricus and of combinations of Lactob cillus 

bulgar cus d commercial chP se starters on the moisture content 

of chee ne is shown in Table IV . 

1 . Cheese m e with Lactobacillus bulgaricus st ter . 

Th a in Table IV sho that Lo s l, 2, and 3 made with 

-------- pulgarieus start r , had a higher moisture content 

then the control chees made 1th commarc1a1 cheese starte r only. 

The moisture contont of these lots ranged fro 38 . 9~ to 40 . 28( 

and averaged 39.4~ as comnared to a moisture content of :36. 49~ 

in the control che se . The eh ese h ving the high st moisture 

content of these lots s Lot 2 hich contained 40 . 28( moisture . 

I t as also noted that the average moisture content of these thr 

lots s a"~rox1mately 3~ higher than the moisture content of t 

control cheese • 

2. Cheese made with combinations of ;tiactobacillus bulgaricus 
and com erc1al cheese starter. 

The data in Table N sho that the cheese in Lots 4 to 15 

inclusive, de 1th combinations of Lact2hacillus bulgar~cus 

an commerci 1 cheese starter averag d lower in moisture content 

than the control cheese ade with commerci l cheese starter exc­

lusively . The oisture content of th se lots ranged from 32. 00,.: 

to ~6 . 32?b and averaged 33.8~ • hile the control cheese had a 

moisture content of 36 .49,( . Thore nn"'eared to be a relat1onsh1 

bet een the mount of Lactobacillus bulgar1cus starter used and 

the moisture content of the chees in Lots 4 to 7 inclusive . As 



1e amount of Lactob e1llus bulgaricus decreased from 9~ of the 

total starter used to so,: . ther a correanonding decrease 1n 

the moisture content from 35 . 9 t 32.oot . Ro ver • this r -

lationshi ceased at Lot 7 and the cheeses f'rom Lot a to Lot 15 

inclusive varie in moistur content :from 32. ~ to 36.32( with 

36 

no articular sequence 1n the veri tions . In Lots 4 to a 1nclu 1ve • 

of the lots made with combinations of Lactobacillus bulgaricus 

and commercial chaes starter ., ther was noted an excretion of a 

sticky • clear fluid during the curing -period ., while in the remain­

ing lots . n · J.y ., Lots 9 , 10 11 ll 12, 13. 14., and 15 • this condition 

not observed. This may account tor the average moisture con­

tent of Lots 4 to a inclusive for bing lo r (33.5~) than the 

~erage mo1stur content of Lots to 15 inclusivo (34 . 1 ) • The 

excretion of sticky . clear fluid ch n eared in Lots 4 to 8 

1nclus1 ve could not be ext>lained. 

The data 1n Table IV sho that che se made with ure Lacto-
bacillus cs start r contained a higher rcentag of moisture 

than thos mad w1. th combinations of Lact9qac!llus bql.gpricus and 

commercial cheese starter • e.s 11 as the control cheese . This s· 

obably due to noor exr,ulsion of whey f'rom th curd caused by 

oor acid devero ment by the ure Lactob cillus bulgnr;1cus start r 

uring the manuf'aeture . 



ot No . I 

l 

I 2 
a 

5 
6 
7 
a 
9 

10 
u 
12 
13 
14 
15 
·l6 

TABLE IV 

The Influence of Verious Comb:l.natfon 

Commercial Cheese Starters, on the Jloisture Content .ot the Cheest:.i • 

r cent 
total 
amount or 
tarter 

l 100 
2 100 
l 100 

l 95 
1 90 
l 85 
l 80 
l 75 
l 70 
l 65 

l 60 
l 56 
l 50 
l 45 

l 40 
l 0 

0 
0 
0 

5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
56 
60 

100 

39 .16, 
40 . 28 
38. 95~ 

35 . 91, 
34 . ll 
33 . 05 
32. 00 

. 32. 53 
33 . 47 
34. 05 
34. 37 
32. 
36 . 32 
35 . 03 
33.30 
36. 49 

Cheese made with 
39 . 46 Lact obac1llua 

bulgericus only 

ontrol ohee se .... I?o }:>uls;e..rif_cus used 

~ ...., 
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D. Th influence of various combinations of Lactobacillus bul.pie.r1-
cus and commercial cheese starter on the water solubl protein 
content ot cheddar cheese t tour month or age . 

The influence of the use ot starters co osed of ure cultures 

of Lacto'bacillus bulgaricus and or combinations ot Lpctobaeillus 

bulgar cus and commercial cheese starter on the ater soluble 

otain content of the eb.eese t tour months of ge is shown in 

Table V • 

1 . Cheese made with Lac obacillys bul icus start r . 

The data in Tabla V show th t Lots 1 , 2 . and 5 ,- made using 

Laetpb cillus bylgaricus starter exclusi'lely ,. had higher aver ge 

water soluble nrotein content than th control ch ese made With 

commercial cheese starter only. The ater soluble nrote1n content 

or these lots ranged from 6. as,t to 8 .5~ and averaged 7 . 51$! • ile 

the e ontrol ch es e h d a a ter soluble r,rote1n eon tent o.f 6. 91': . 

Lot l was lo r in ntar soluble rote in then tbe control cheese • 

but both Lot 2 nd 3 re higher in ter soluble rotein than 

the control cheese .. Lot 2 , made 1th 2>! Lact9bacillus bulga:ricus 

starter , was found to cont in th highest amount of water Soluble 

otein (8 . 5 Q) of any or the lots made 1n the entire e:xperiment . 

Th cheeses made with ure L c;tgbaeillus bulgar1cus starter sho ed 

no significant rel t1onshi~ bet en the amount or ter soluble 

trote1n and th score of the chees • Lot 2 ,. which had the highest 

ter solubl rotein content or these three lots • scored only 

o.5 or a oint higher than Lot l!. hich contained the least mount 

of ater soluble protein. Lot 3• h!ch as higher in wst r soluble 

-protein than Lot l ,, as 0 . 2 of' a o1nt lo r in score . 



2. Cheese mad with combina ons of. L ct b c 
and commercial cheese starter 
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The data in Table V show that Lots 4 to 15 inclusive , made 

with comb1n tions of Lactobacillus pulg r:I cus nd commercial cheese 

start r ~ had e higher :verage ter solu 1 rot in cont nt than 

the control cheese mad using commercial che se start r xelusive­

ly . The water soluble content or th s lots rang d from 6. 64?1, 

to 8 . 37fo and ave:r-ag d 7 . 62fc • while the control cheese h d a wa tar 

solubl nrotein content of 6 9 ~. There e.p ared to e general 

rel tionsh1 b tween the amount of Lactobacillus bulfiar1cus starter 
- " 

used and the amount of water soluble ~otein r sent in Lots 4 

to 8 inclusive . As tho amount or Lactobacilluw bulgaricus starter 

used decreased in th se lots from 95',( of the total culture to 75~. 

the nmount or ter soluble protein increased from 7 . 6fl! to 8 .3~ .. 

Ho er. at this oint the relationship ceased and increases 1n 

the amounts of ter solubl rotein in the r maining lots re 

not consistent with docree.ses 1n the amount or Lac;ttobacillus l}.~l 

garicps used . On the other hand 11 Lots 4 to a inclusive , hieh 

re made with starter var1 tlons eonta1n1ng from 7~ to 9~ 

La9t2e c111~~ bulgaricus ,. h d a higher average ter oluble pro­

tein content (a .oat) than Lots 9 to 15 inclusive . in which starter 

var1 t1ons containing from 4~ to 7 Lactobacillus bµlgar1cus - . 

· re used r 1ch had an average water soluble nrote1n content or 
7. Q• Lots 9 and 13 ., or the cbees made with combinations of 

Le.qtobasiJ-lys bulgaricB§ and eo rc1al cheese starter • were the 

only cheeses of this group having 1 ss ater soluble protein 

content than the control cheese . There was no relationship bet en 

the amount or ater soluble protein resent in the cheese and the 
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r1evor score of th cheesG . The control cheese,. 1ch was the 

second highest scoring eh· ese of the nt1re groun.,. haci a water 

solubl protein content o.f 6 .9~ . Although,. the water sol le 

nrotein content or the control c ese as exc eded by 12 other 

cheeses, only one of the t elve cheeses exceeded the control che se 

in flavor score . 

· ite s e s , 

being crystals of' the 

ich ar cons1dere by son2 in~stig torst as 

mino acid tyramine and an indication of 

considerable nrotein breakdown wall as considerable ege ~ re 

noted to be in evidence in all of the cheeses nade with }.tecto­

bacillys bulgaricus ,,resent in the starter. No hite S"" cks re 

observed in the . ontrol chees hich s made ith commercial 

cheese starter . 

The results in Table V sho ·hat there ar,neared to be no 

significant r lat1onsh1 be een th mount of Lactobac1llus lll!!­
gar1cy§ starter used in th manufacture of the ch ese . and the 

r cant of ater soluble r-otein re"ent in th cheese at fo~ 

months of age _. Ho ever• in g ner 1, the cheese m de w 1th Lacto­

bacillu§ bulgnr1cqs alone or 1n combination ith com rcial cheese 

storter contained a higher nercentage of ater soluble nrotein than 

t control ch ese . Although, the cheeses made with ure Lacto­

bacii,llus bulgpricus alone or in co binat1on 1th commercial cheese 

starter had a higher verage w ter soluble ~rotein content than 

the control ch ese • only one of these cheeses had a high r flavor 

score . In gen ral, the wat r soluble nrot in content of the 

cheeses had no relat1onshi~ to th flavor score given the cheeses . 



TABLE V 

The Influence of Various Combinations __ 

and Commcroiai Cheese Startors on the Water s ·oluble t'rotein Content 

or Chadd onths or A • 

,rote in 

l. l 100 0 6.8D Cheeses made with 
2 2 100 0 8 53 . 7 51 L,act,obacillus 

• • bu!ga:rfcus only 
3 l 100 0 7 .1 · 

1 95 5 '1 . 6 
5 l 90 10 7 .86 
6 l 85 15 &. 29 

l BO 20 e . 23 
a l 75 ffi 8 . 37 
9 l 70 30 6.80 

10 l 65 35 7 .86 
u l 60 40 a .10 
12 l 55 45 6. 64 
13 l 50 50 7. 66 
14 l. 45 55 7 .15 
15 1 40 60 '7 . 01. 
·16 l 0 100 G. 91 - eheese -No Lactgbacil&U$ byt.garipus u~ed. 

~ 
1--' 
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s 

Fifteen lots of ex rimental cheese nd one lot of eontrol 

cheese re made using a time controlled method of manufacture . 

Lactobacillus bulgaricus starter and combinations of tactobacill;us 

bug ric\.lS, and commerci l cheese st rter wera used 1n the ex~eri-

neut..,l che ses . The control oh s s ma.de using only eooraerc1~1 

cheese starter . The acid velo nt during the tl.Rnu.factur1ng 

rirocess was checkea an recorded . At four months of age the 

cheese s scored £or flavor , body and textur , and color , end 

analyzed for moisture content, and ter soluble rot in content . 

The results sho th t when Lactobac llug pulgarieus is used 

as the r.ol starter the acid valonment during the manufacturing 

process s unsatisfactory. Combinations of Lactobacillus lU!i-
,mricus st rter and commercial chees start r containing less than 

30}! commercial cheese starter also gave unsatisfactory acid develo,,_ 

10011t . Ho ver, when 3~ to 6Q( of e total a.mount of st rter us d 

s commercial cheese starter, a th remainder Le.ct9bacillus 

...... -=----m.• the acid develo nt progressed nor lly . 

As shown by the sults , th use of Lact9bacillus bulg ricus 

al.one or in combination 1th co ercia.l eheese starter n arod 

o be detrimental to the flavor scor of the cheese . The average 

fl vor score of the lots made wivh ~ura Lnctobacillus bulgaricus 

starter s lo er than the :verage n vor score of the lots made 

1th combinations of L ctobacillus bulgaricus and commoreial cheese 

starter , and lso lo r than the fl vor score of th control cheese . 

The flavor seore of the cheese m e with combinations of Lacto-

b cillus b;glgaricU§ and eom rcial cheese start r also had a 

lower average flavor score than the control cheese made 1th 
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c~mmarc ~1 chee~e s tarter only . The fl vor scor e of t . ebe .se 

neared to become higher s the mount or Lactob cillus ;b,ulgaric;us 

starter used became less , and the amount of commercial ch es 

start r beca . greater. 

The average body and texture scot· of the cheese made itb 

ure Lac obaci,llus bulg icus starter s higher ttlan the average 

body and .xture score of the cheese made 1th combin tions o 

~actob cillys bulgarieus and comrrercial c1eese starter . Ho ver , 

the average body and texture scor of all lots a ,hether made with 

Lactobacillus bulga.:ricus alone or in combination with comme rcial 

chees starter , s lo e.r than the.t of the control cheeze . All 

of the ehe ses .r criticized for having crumbly body t nu this 

feet s mor notic able in th c ese., d with combinations 

of the o starters than in those made 1th individual start rs 

of L ctobac+llus bulga icus or com rcial cheese starter . 

The average oisture content in the lots made using uure 

Lactpbacillus bµlgaricus sts.rter . as annroximately 5 .-5% higher 

than in the lots ma.de with combinations of Lactobacillus bulgar!cus 

nd commercial cheese starters, and a roxi tely ~ higl: r th 

the control lot . Non$ of the lots made using a combination or 
p.ctobaeill UJl bulgar;J.cu~ and comn,ercial che se start r had 

oommerci lly desirable moisture content . 

The at er soluble rot in content or the ch ese s not nara.llel 

to the amount or Laet2bacillu~ bulgaricus starter used in making the 

c eeses . Ho ever , all but thre of th ch eses made 1th starter 

containing Lactob cillu organis s h d a higher ter solu le 

"rotein content than he control cheese made with commercial cheese 
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soluble r,rote1n and the -r1e.vor se01•,a. 
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ISCU.1':! IJ 

The dat sho that ure L ctgl,acillus bulgar1cus starter 

es not give satist ctory acid nro uction during th m nufactur-

1ng nrocess of eh dd r che .se . The o~sible ox lanatton for this 

is th t the s tting tom"l'lerature of cheddar chees is from 86 • to 

88 °F' . nich is 'helo the o timum gro th t m,..,erature of Lactobacillus 

T milling acidity of the ehc e de with ~ur e Lacto-

b cillu~ ~ulgaricus stc.rter r too lo for commerci 1 che s manu­

£. ctura . A lo milling acidity 1s undesirabl in dleese b cause 

of a dov · of ec idy fl vor during curing as ll as the 

fact that the H is not lo nough to inhib1 flavor and body 

damaging organism~ h ch might b res nt in the che se . 

n 1 rovement in acid volo nt during th manufacturing 

roce~ s c x. rience hen Lact9bacillus bulgar1cus starter and 

commercial chee e st ter re combined n the cheese milk, however ,. 

acid develo m nt int se chees s did not be o e normal until a 

combination of 70{!, Lc.ctobnc:tllw~. bulgar cus and 309! commerc:t.al 

cheese st ,..ter "' used . It 1s believed that this imnrovement in 

acid dovelo ment .as du rinci ~J.ly to a res nee of the com­

mercial cheese starter. 

Lactobacillug !>ulgaricus starter alon or in combination w1th 

commercial cheese st rter nro<uce cheese which scored lo r in 

flavor than the control chee a made ith commercia1 che se starter 

exclusively , exce t in one case . Tho m in criticism common to all 

o e ch ese made in vhich the start r contained Lactobaeillus 

=;;....;;;;:.;:i:.,.::c_u;;;;.s was heated . This flavor as very similar to the flavor 

produced by the Lactobac1llus bul starter rop.ag ted in 

s erile milk . It is believed that the heated flavor noted in the 
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cheese is roduced normally by the gro th of Lactobacillus buJ. .. 

garieuo organisms 1n milk nd its nroducts. if the organisms are 

in abundance • 

All of the cheeses excent the lots made 1th nure Laetobacillus 

bulgar1cus starter re lo in moisture content as eo ared to the 

desired moisture content of co rcial cheese . This as robably 

due to the cheese being made in small quantities nd 1n small vats 

in 'Which the dr inage of hey during eheddaring is more co .lete 

than in commercial manufacture . The reason for the high moisture 

content of the ehees made i th nure Lactoba.c11lus bulgaricus 

starter was nrobably due to oor hey exnulsion during cheddaring. 

Acid develo~ment aids 1n ex uls1on of the h y during this ariod 

and in these cheeses it s less than normo.l which ould cause more 

moisture to be retained in the curd . 

The water soluble protein content of the cheeses did not 

coincide 1th the amount of Lactobae1llus bulgar1cus starter ed 

in making the cheese . It has been thought that the nroteolysis 

in cheese as due nr1nc1nally to the action of lactobac1111 . Assum­

ing this to be cor:r·e ct, 1 t might be considered,- the are t1eally, t hat 

the more lactoba.cilli r,resent the moro extensive ould be the 

roteolysis . This s not subst ntiated by tho results obtained 

in this ork . However , it as fo d that of the 15 lots of cheese 

made 1th starters containing Lactobacillus organisms, only thre 

lots had less ater soluble ~rotein than the control cheese made 

with commercial cheese starter . This indicates that the roteo­

lysis as "robably increased in the cheese by th add1 tions of 

Lactgbac1llus bulgaricus in the starter . It should be noted , 
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however,, that th m jor1ty of investigators consider the Lacto­

ba.cillus organisms most commonly found 1n cbeddar eh ese to be 

Laet2bac1i1us easei: or so other lactobac1111 than Lactobacil!9s 

'bulgar;eus . 
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1 . "Pura L ~ctoba.gillus by;l.garicus starters ive unsatisfactory acid 

reduction during the anuf cturing r,roc ss of cheddar cheese. 

2 . en J.,actobacj.llus bulgar icus and commercial cheese starter are 

combined 1n the cheese milk, combinations containing 30'.( to 6Q( 

eoromere1al cheese st rter nroduce acid satt~factorily during 

them nufacturing nroeess . 

3~ "ur La·ct,2bacill 1s butgar1eµs starter or combinations of Laotp­

bacillus bulgfi.ricus and co · rcial cheese starter nroduce cheese 

scoring lo er in fl vor than che se made 1th co mereial cheese 

starter only •. 

4. A true cheddar cheese flavor is not "'rodueed in cheese mad 

with st rter containing Lactob'o.cillus bulgar;teus organisms . 

5. A heated flavor is roduoed in e cheese when starter contain­

ing L@ctobac1ll.us bulgar1cus organisms 1s used . 

6. A crumbly body is roduce in cheese hen starter containing 

L ctobacillura bulgaricus organisms 1s used. 
; 

7 . There is no direct correlation bet een the a.ter 0 oluble ,rote1n 

content of cheese made 1th starter containing µactobae1llus 

bulgaricus organisms and th amount of Lactob cillus bul15aricus 

starter used . 

a. Th ter soluble ,.,rotein eont~nt or cheese does not affect the 

scor of the chees directly in ~roT)()rtion to th amount resent . 

9. It is further concluded that the manuf cture of chedd r cheese 

using L ctobaeillus bulgarieus ao the starter or nart of the 

start r is commercially i r ctical s no an~reciable benefit 

would be derived from it . 
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SUMMARY of T>ERTINE.N'.I: DETAILED lJ!J1NUF.b.CTURING DATA 

OT NUMBER 

Jl _J _~~- 1 4 . _LJi~ J __ s ___ [_7 __ J _ _a_} _9 . l _io__L _ll __ J..1~LiaJ~1,_4 __ L__is _Li~ 
"ounc1s of 
milk I 210 1210 I 210 I 210 210 210 210 210 210 220 220 220 190 210 220 220 

3 . 8 13.8 13.8 3 .8 3 . 8 3 . 8 3 . 8 3 .8 3 . 8 3 . 6 3 .7 4 .• 1 3 . 6 3 . 8 3 . 6 3 .7 

. 15 I . is I . 15 . 14 .14 . 15 . 15 ,~15 . 15 . 18 .. 15 .16 . lB . 16 . 15 . 16 

0 0 o .o5 10.10 I o . 1s 10 . 201 o . 25 I o.ao I0 .351 o .40 I o . 45 lo . 5o Io . 55 Io . oo 11 . 0 

1 .... )"~---- • 1 1 . 0 12.0 I l .o I 0 . 96 I0. 90 I0 .85 I0.80 I o. 75 I0 .70 I0.65 I0 .60 I0 .55 I0 .50 I0 .45 I0 .40 1 o 

1, • 1. .. 1 l . O I 2 • 0 I l . 0 I l .o 11 . 0 I l • O 11 . 0 I 1 . 0 11 • 0 11 . 0 11 . O I l • O 11 . O 11 • O 11 • 0 11 . 0 

. 15 I .1s I . 15 I .14 1 .. 14 I . 15 I . 15 I . 15 I . 1s I ,, 17 I . 15 1.16 I . 17 I .16 1.15 1. 1s 

• 1 . 17 I . 17 I . 16 1. 15 1. 16 1, 16 I . 17 1. 17 I . 1 . .16 1.17 l . 185 1. 165 1. 16 1.17 

.17 I . 18 I .1a I . 16 1.16 I . 16 1.17 I .1a I . 1e I .1e I .165 1 . 17 I .1es1 .1e I .17 1.17 
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