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INTRODUCTION 

Cottaf̂ e cheese apoila.̂ e haa been a major problem confronting 

the dairy induatr;/ for many yeara, "̂/hen the cottaf;e cheeae industry 

waa amall, apoila/̂ e waa of local i-iportance only. With the rapid 

growth of the induatry, the spoilaf;;e probl^n haa become much greater. 

Interatate ahioment of cottare choeae haa brourht about the need for 

more uniform quality cheea© and more uniform sanitation measures in 

making the cheeae. The dairy induatry haa found that even with modem 

refrigeration and transportation the problem of cottare cheeae apoil-

age continuea to be of major importance. 

In an effort to overcome the spoilage problem many dairy plants 

code dit© their cottage cheeae cnrtona. Code dating;; and picking up 

cartona from the retail atore after they are 7 to 10 days old are only 

aids in aolving the probl(sn. The inconalatent keeping qualities of 

different batchea of cottage cheeae make impracticable an arbitrarily 

Bot age limit for cottage choeae to remain on the m.arket, for the arbi

trary limit might be too abort for some batchea and too long for othera. 

Various meana of enhancing the keeping qualitiea of cottage 

choeao have been tried by many planta, for the problem ia a common one. 

Since moat cottage cheese apoilage seems to be due to the brealcdown of 

the fat and/or protein, and aince much of the lipolyaia and proteolysis 

are of microbiological origin, it waa felt that a study of theae two 
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phenomena and their relation to cottage cheeae apcilage would be of 

great benefit to the dairy industry. V/ith thia thought, the project 

waa planned in order to atudy the relationship betv/eon the keeping 

quality of cottage cheeae and proteol^/tic and lipolytic microorganism 

populations, to atudy pH variationa as related to proteolyais and li

polyaia, and to inveatigate yeaat and mold and coliforr. populations as 

a meaaure of the sanitation obaervod in manufacturing the cottage 

cheeae. 



REVIEW OF LITERATURE 

Very little literature directly pertaining to or related to 

thia work ia available. Literature pertaining to proteolyaia and li

polyaia in dairy products other than cottâ -e cheeae haa been atudied in 

carrying out the project, because the sane enzymes directly reaponsible 

for proteolyaia and lipolyais in other dairy producta are reaponaible 

for proteolysis and lipolysia in cottage cheoae, 

1 Elliker et al , in a atudy entitled "Bacteria Associated V,*ith 

a Gelatinous or Slimy Curd Defect of Cottage Ciieeso", diacloae that 

the slimy curd defect might develop during 2A hours of refrigerated 

storage or bo delayed for several days. Creamed curd uaually showed 

more freguent and rapid spoilage than uncreamed curd. They describe 

the defect aa being characterized by the formation of a thick, gela

tinous, slir.iy film around each curd particle, one form having a whitish 

or yellowish tranalucent film, Thia fora of defect uaually ahowed lit

tle change in odor but aometimea exhibited a fruity odor and waa found 

to b© caused by Paeudom.onaa frapl. The aecond fonn of defect often 

showed a yellowish film tinged with brown. Usually extenaiv© proteoly-

sia occurred with this form and caused a rotten or putrid, slightly 

rancid odor and a bitter flavor. The causative organiam was identic 

^P.R. Elliker, R.B. Parker, and N.V. Smith, "Bacteria Aano-
ciatcd V/ith a Gelatinoua or Slimy Curd Defect of Cottage Cheese", 
Journal of Dairy Science. Vol, 5A, No. 9, (1951), p. 667-295, 
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fied aa Pseudcmonaa vincca'̂ ., A third form of defect ahowed a typical 

slimy, gelatinous curd film but did not produce any odor and was caused 

by Alcaligenea metalcaligenes, Theae investigators found that upon 

every occasion of microscopic examination of the defective curd, large 

numbers of gram-negative rods appeared in addition to the t3.rpical S^ 

lactia. which was always present, 

2 
Elliker et al , in a later publication, state that of the three 

organisms, (p̂ , viscoaa. £• fragi. and Al, metal cal Irenes). one or more 

ha» been isolated from raw milk, plant and city vmter supplies, cottage 

cheese vats, packaging equipment, and cream used for creaming the curd. 

All three of these organisms were reported as being capable of rapid 

growth in milk and creamed or uncreamed cheeae curd at 50 degreoa F. 

and lesG, On© of the m.oat troubleaome organisms was ̂ , viacoag which 

in the latter stares of growth produced a yellowiah to browniah colored 

slimy film over the surface of curd particles, Elliker et al suggeat 

maintaining a pH of 5 or slightly lower in the cottage cheese as a moans 

of controlling this slimy curd film defect. 

Nelson et al did some work to determ.ine the llT)ol̂ rtic r>oten-
* */ X 

t l a l of the mold Gcotrichurr. candidum in pure c u l t u r e s . They reported 

t h a t e ight out of nine cu l tu res of Geotrichum candidum studied p ro 

duced a rapid and extensive hydrolysis of the butter .fat in cream. The 

^P.R, E l l i k e r , R.B. Parker, and V.R. Smith, "Control l ing Bac
t e r i a l Spoilage of Cotta^-e Cheeao", Anericnn Pair:/' Products Review. 
Urner-Barry Co., New York 7, Nexf York, (January, 1952), p . 52-55. 

^ . 0 . Nelaon, Michael Purlro, W.A. Wood, "The L ibe ra t ion of Water 
Insoluble Ac ida in Cream by Geotrichum Candidum". Journal of Dairy 
Science. Vol, 55, :io. A, (19^^!), p . 295-50A. 
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r a t e and ex ten t of water insoluble ac ids (WIA) l i be r a t ed in s t e r i l i z e d 

cream increased with the incubation t ime, s torage tor .pera ture , inocul'om 

s i z e , and cream surface a r e a . The rat© was found to decrease in d i r e c t 

p ropor t ion t o t h e add©d l a c t i c acic! content of the cream. Theae au

t h o r s nlflo found t h a t the a'^-dition of 5 ,5^ glucose to the cream marked

ly decreased t he r a t e and extent of WIA formation. The p o t e n t i a l for l i 

polya ia due to t h i s r.-iold ia s i gn i f i can t in t h a t molds are preva len t in 

co t t age cheer;©, 

Armstrong and Harper developed a rapid m.etho' of determining 

WIA content of b u t t e r , known as the Alpha-Naphtholphthalein (A!IP) method. 

Since they reported th ia method t o be accurate only to within 100 m i l l i -

grams of WIA per 100 grams of f a t , when compared t o Hil l ig 's"^ water in 

soluble acid (V/IA) determinat ion, t he Armstrong and Harper method of 

iBeaauring l i p o l y s i a waa considered to be unsa t i s f ac to ry for use in the 

preaent p r o j e c t , 

Armstrong and Harper a lso developed a method of applying th« 

ANP t e s t for WIA t o cream, but the method waa unsatisfactory.^ for mea

sur ing l i p o l y a i a in t h i s work becauaf i t i s not e n t i r e l y re l iabl© with 

f a t having a WIA value other than approximately 5OG mill igrams v;iA per 

100 grama of f a t . 

A •« 
T.V, Armatrong, and W,J, Harper, "The Alpha- 'Iaphtholnhthalein 

( A N P ) }'othod of Measuring Fat Hydrolyaia, I Applicat ion t o But te r" , 
Journa l of Dairy "Science. Vol. 55, No. 1, (1952*), p . 59-65. 

^F . J . H i l l i g , "WIA Determination for Cream and But te r" , J o u r 
nal of Off ic ia l A r r i c u l t u r a l Chemists. Vol, 50, (I9A7), p . 575-5^^2. 

T.V. Armatrong, and W,J, Harpar, "The Alpha-Kaphtholphthalaln 
(ANP) M©thod for Meaauring Fat Hydrolysis , I I Applicat ion t o Cream", 
Journa l of Dairy Science. Vol, 55, No. A, ( I952) , p . 5A5-5^lo, 
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Dunkloy^, in the f.\rst of a aeries of article.'? doaling with 

hydrolytic rancidity (lipolysia) of butterfat, reported a comparative 

study of "Surface Tenaion and Fat Acidity as Measures of Jlancidity". 

H© reported that the fat acidity of croam is of little value in mea

suring the intensity of rancidity but might be used to claasify the 

cr©am aa rancid or not rancid. The overlapping of the ranges of rancid 

and not rancid cream w&a found to b© less when judged upon the surface 

tenaion than when judged by the acidity of the fat, Hia work indicated 

that two lots of butterfat having the same microorganism populations 

could have highly different amounts of lipolysia duo to the affects of 

spontaneous 1ipolya is• 

In the aecond article of thia aeries on "Hydrolytic Rancidity 

in Milk", Bowatead et al report that spontaneous rancidity (non-micro

biological lipolysia) of milk fat varies with th© individual cow, stag© 

of lactation, and season, Thoir report further strengthena the above 

obaervationa as to lipolysia which is not of microbiological origin but 

which is spontaneous lipolysia or temperature induced lipolysia. 

In the third and fourth report in thia series, Dunkley and Smith^'^^ 

"̂ W.L. Dunkley, "Hydrolytic Rancidity in Milk, I Surface Tension 
and Fat Acidity as Measures of Rancidity", Journal of Dairy Science, Vol. 
54, No. 6, (1951), p. 515-520, 

o 

J . E , Bowatead, W,L, Dunkley, H, Fr©d©©n, and L,! ' . "m.ith, "Hy
d r o l y t i c Rancidi ty in Milk. I I Sor.e Management and Environmental Fac
t o r s Inf luoncinr L ipo lvs i s " , Journal of Dairy Science. Vol, 3A, Ko. 6, 
(1951) , p . 521-528. 

'W.L. Dunkley, and L.M. Smith, "Hydrolytic Rancidity in I ' i l k . 
H I Tr ibu ty r inase Oet©rminations As a Measure of Lipase" , Journal of 
Dairy Science, Vol, 5A, No, 9, (1951), p . 955-959. 

^^ Ib id , 9, p . 9Aa-oA7, 
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d©3cribo procedures for th© det©rmination8 of tributyrinase and li-

pate. Data showing the correlation between tributyrinase and lipase 

ar© also pres©nted. Their work showod no positiv« correlation between 

tributyrinas© and ©ithor spontan©ou8 or temperature induced lipolysia, 

Th©8© facta lead to a belief that th© measursm©nt of tributyrinase of 

milk or butterfat ia not a reliabl© meaaur© by which th© potontial for 

spontaneous or temperature induced lipolysis may be judged. 

Bird and 3r©az©ale dev©lop©d an accurat© and reliable ti

tration method of meaauring lipolysis by titrating the acidity of but-

t©rfat. This is accompliah©d by dissolving the fat in an ©ther-alco-

hol aolvent before titrating. Scarcity of one of the critical r©agenta 

(ethanol) during V/orld War II necoasitated certain modifications of th© 

12 Bird and Brcazeale method. Bird and Tucker modified th© Bird and 

Breazealo method in order to substitute methanol for th© ethanol, Tli© 

modified proc©d\jre was compared to the original and to the AOAC method 

and was found to duplicate both the original and the AOAC mathod with

in reading accuracy of the burette. The Bird and Tucker mathod was 

chosen for det©rr.ining th© free fatty acids of th© buttarfat ©xtracted 

from the cottage cheese in carrying out this research. 

1 'S Gould and JobJiaon ''̂  develoned a aolvent extraction m©thod for 

•I-IE.W, Bird, and D,F. Breazeale, "A Study of Methoda For Th© 
D©t©rmination of Acidity in Butterfat", Journal of Pair}; Science. Vol. 
21, !so. 7, (195^), p. 555-5^. 

^^E.W, Bird, and Lydia B. Tucker, "A Method for D©t©rmining 
Free Fatty Acids In Milk", Journal of Dair:/ Science. Vol. jA, Ko. 12, 

(1951)» p. 1170-1175. 
IT 
-̂ I.A. Gould, and B,C, Johnson, Comparison of Solvent Extrac

tions and Churninr- Mathods for Obtaining Fat From. Milk for Free Fatty 
Acids Maasurcment , Journal of Dairy Science. Vol, 52, -o, 5, (l^Ap), 
p. A5^AA6. 



obtaining butt©rfat, for fre© fatty acid measurement, which met the 

requirements for obtaining the butterfat from cottar© chees©. Their 

solvent ©xtraction method of obtaining fat reportedly yi©ld©d 50^ high-

©r fr©© fatty acids than was secured from fat obtained by churning 

methods. They report that th© solvent extraction method shows a better 

recovery of pure fatty acids from cream than the churning method. 

In a paper published earlier, Gould and Johnson reported 

that slightly more uniform titration valuas r©sulted from mixing the 

©thyl ©thor and 3k©llysolve F, used in the procedure, before adding 

these two extractants to the cream, Thia sam© paper reports that form

alin lowered the p©r c©nt fat recovery and that add©d lactic acid in-

cr©a3©d the titrations by about A^, In th© absence of a churning math

od of ©xtracting fat from cottage cheese and with the obvious advan-

tag©3 of this m©thod it waa acc©pted for use in this work. 

Duggan -̂  haa published a colorimetric method of measuring pro-

t©olysis by th© d©t©rmination of th© amount of free tryptophane in milk, 

cream, or butter. This method is reported to be accurat© and dependable, 

but du© to th© time required to mak© tVie determinations, it was reject

ed in favor of Hull's method of m©asuring proteolyaia by th© mea-

I.A, Gould, and B.C. Johnson, ''Variations in th© Acid D©gree 
of Milk Fat as Affacted by Churning and Extraction Procedures", Journal 
of Dairy Science. Vol. 29, No. 8, (19^)» P* 50A-505« 

15 
"̂ Reo, E, Duggan, "The Determination of Free Tryptophane in 

Milk, Cream, and Butter", Journal of AOAC. Vol, 51, (I9A?), p. 151-162. 

^^UE. Hull, "Colorimetric D©t©rmination of the Partial Hy-
drolyais of the Protein of Milk", Journal of Dairy Science. Vol. 50, 
i;o. 11, (19A7), p. 881. 
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aureapent of the free ty roa ine in the product , Anaon ' d©v©lop©d a 

mathod of d©t©mining p ro t e in compoaition using d©natur©d h©moglobin. 

Hall adapted Anson's method t o the meaaurwmcnt of f ree ty ros ine in 

mi lk . In adapt ing th© proc©dure to the m©a3ur©raont of fr©© tyrosin© 

in milk, Hull mad© two changas in the r eagen t s . He increased th© 

str©ngth of the t r i c h l o r o a c e t i c acid from 0,5 N to 0,72 N and add©d ©nough 

polyphosphate t o the carbonate so lu t ion t o prevent the p r e c i p i t a t i o n of 

th© calcium s a l t s of the milk when the p ro te in free f i l t r a t e was ob-

t a i n e d , Ciocalteau and Folin f i r s t developed a method of measuring 

t y ro s ine and detennining t o t a l ty ros ine and tryptophane in pure p ro 

t e i n s about 25 years ago, but Hull v/aa f i r s t to publ ish a method of 

measuring th© fre© tyrosin© in a substanc© such aa railk, 

S t o r r s l ^ aT3r>lied H u l l ' s method of meaauring the fro© tyrosin© 

in milk t o a study of milk raodifi©d by a pancrea t ic enzyme p rocess , H© 

found th© t e s t t o be s e n s i t i v e t o small changes in the f ree t y ros ine of 

mi lk , S to r r s a l so found t h e r e l a t i o n s h i p betw©en enzymatic t reatment 

and f ree t jToaino content t o be such t ha t ho has surge'^t'©d the tyrosin© 

t e s t as a new maasure of the enzymatic modif icat ion of milk. In t h i a 

same paper Storra reported t h a t a b r i e f i nves t iga t ion showed t he m©thod 

t o be s e n s i t i v e to t y ros ine and tryptophane but not to cys t ine or phenyl-

17 
M,L. Anson, "Estimation of Pepain, Tr^-'psin, Papain, and 

Cathepsii:: With Hamoglobin", Journal of General Phyaiolo.r:/'. Vol, 22, 
(195S)» p. 79. 

V. Ciocal teau, and 0 , Fol in , "On Tyroaine and Tryptophan© 
Determinations in Pro teLis" , Journal of Biolo.rical Cham ia t r y . Vol, 75» 
(1927), p . 627-650. 

"H.B. S to r ra , "Th© Modification of Milk by Pancrea t ic Enzymoa", 
Journa l of Dairy Science. Vol, 50, No, 11 , ( I ' ^ A Y ) , p , 885-89O. 
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alanine, H© us©d th© tyrosine unit as a measuring davic© for the ty

rosine sine© P;0% of the color d©vclopment is believed to b© due to ty

rosine and 20^ due to tryptophane. Th© tyrosin© unit ia 1 milligram 

of tyroaine per liter of aample or ita equivalent. 

Tarassuk and Rury , in a study of "The Eff©ct of Incipi©nt 

Enz:/matlc Proteolyais on the Viscosity and H©at Stability of Bvapo-

ratad Milk", used the above method of fre© tyrosine d©termination to 

measure the amount of proteolyais caused by the enzyme tr©atm©nt of th© 

milk. They also found the method to b© sensitive to small changes in 

th© tyrosine conc©ntrationa in th© milk. 

20 , 
N P Tarasauk, and M,S, Nury, "The Effect of Incipient 

Enzymatic Proteolysis on the Viscosity and K©at Stability of Evapo-
ratad Milk", Journal of Dairy Science. Vol, 55, No, 10, (1952), p. 
8 
51-861. 



MATERIALS 

Pour sources of commercial cottag© ch©os© and two vats of 

©xperimental cheeae mad© in the laboratory w©r© used for this project. 

The commercial samplea wer© purchased at intervals between March and 

July of 1955. On© 12 ounce carton of eich of four different brands of 

cottage cheese waa purchased at random from retail food stores for 

©ach sariea of samples, Th© samples v/©re tak©n directly to th© labora

tory and analyzed, or if purchased in th© aft©moon th©y w©r© tak©n to 

th© laboratory and stored in th© r©frigerator at 50 degrees F, over

night before analysis. 

Two lota of chease were made in the laboratory in a 10 liter 

exp©rim©ntal cheea© vat in order that certain variabl© factors could 

be accurataly controll©d. Car© was taken to produce chees© with as 

few containinating microorganisms as posaible. Th© experimental vata 

of chees© wer© made by the short set method and wer© analyzed the som© 

day th©y w©r© mad© or w©ro refrigerated overnight at 50 degr©es F, be

fore being analyzed, Th© cheese waa made from "low heat process" skim 

milk powder, madt; from grade "A" m:lk, reconstituted to 15^ total sol Ida, 

Th© cheese from ©ach vat was divided oqually into A portions. 

Both th© comm©rcial samples of cottage clieese and those made 

in th© laboratory wer© k©pt refrigerated at 50 derrees F, for th© ©ntiro 

7 day holding period, being out of the refrigerator only a few minutes, 

on 0, 5» ^^^ 7 days, to withdraw the portions for analysis. All with

drawals w©re made with a sterile spatula, 

-11-



EXPERIMENTAL PROCEDURE 

The following determinations were made on ©ach sample after C, 

5, and 7 days storage at 50 degre©s F, Fr©e fatty acid titrations on 

butterfat extracted from the cheea© and free tyrosine determinations 

on th© protein fraction were mad© in ord©r to d©t©rmine the degree and 

progreasion of lipolysis and proteolysis in the cheeae. 

In order to det©rmine if any correlation existed betw©©n li

polysis, prot©oly3is, and th© pH of the cheese, pH determinations w©re 

made ©ach time the samples wer© analyzed. Population counts for pro-

t©olytic, lipolytic, yeast and mold, and coliform microorganisms w©re 

made in ordar to study their relationship to the chemical changes oc

curring in the cheeae. 

REAGETsTSj 

Fat extraction (Gould and Johnaon ) 

1. Absolute ©thanol 

2. Diethyl ether 

5. Anh^z-drous petroleum e ther ( s u b s t i t u t e d for Skel ly-

flolv© F) 

Fat t i t r a t i o n (Bird and Tucker^^) 

1, Solvent: 20C ml K-propanol mixed with 800 ml Di-

^^Ib id . 15 

^ ' ' i b id , 12 

- 1 2 -
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ethyl eth©r (Diethyl ether waa aubstituted for 3k©l-

lysolv© B) 

2. Indicator: 1% phenophthalain dissolved in reagent 

grade absolute methanol 

5. Titrntion reagent: 0,05 ^ ^OH in absolute methanol 

Free tyrosin© d©t©rmination3 (Hull^) 

2A 

1 . Phanol reagent (Fol in and Ciocalteau ) 

2 . 0.72 N t r i c h l o r o a c e t i c acid 

5 . Sodium carbonate and polj^'phosphat© so lu t ion (75 

grams of sodium-carbonate and 10 grams polyphosphat© 

dissolved in vmter and made to 500 ml) 

A* standard ty ros ine so lu t ion (500 micrograma pure t y 

ros ine dia solved in 1 ml \-fater from which var ious 

d i l u t i o n s were made in p l o t t i n g standard curv©) 

Bac te r i a l counts (HaiTiraer^) 

Di lu t ions (All counts) 

1, S t e r i l e 2% aqueous so lu t ion of sodium c i t r a t© ( a t 

an ©mulsifi©r in making th© I t 10 d i l u t i o n ) 

2. 99 ral s t e r i l e d i s t i l l e d vmter blanlcs for subsequent 

d i l u t i o n s 
P r o t e o l y t i c b a c t e r i a 

25 lb id . 16 

PA 

H.H. SouBser, "Folin and Ciocalteau'© Phanol Reagant", Market 
Milk. Claon l \ ib l i sh ing Co., Milwaukee, Wioconsin, (195-8), p , 5 8 A - ^ 0 , 

2^ "'^.W, Hammer, "R©8oarch Counts", Dair/" Bac te r io lory . 5rd Ed,, 
J . Wiley ic Sons, New York, New York, p . 18-2^C^ 

file:///-fater


Lipolyt 

1. 

2. 

ic 

!• 

Standard 

-lA-

agar 

Reconstituted ateri! 

bacteria 

Standard 27 agar 

,2« Sterile dyed fat (refin©d cottonaeed oil dyed with 

Nile blue sulphate, then sterilized) 

Y©ast and mold counts 

1. Potato dextrose agar 

2, 7fo sterile tartaric acid to reduce pH to 5.5 

Coliform counts 

1. Deaoxycholato agar^ 

PRO GESTURES: 

Fat extraction 

A 90 gram portion of the cheeae sample was weigh©d in

to two 250 ml c©ntrifuge bottles; 50 ml of absolute ©thanol was addad 

to ©ach bottle and th© bottles shaken vigorously for 20 s©cond3 then al

lowed to set for 5 minutes to aid in extraction, 100 ml of the ©xtrac-

tant (di©thyl and petroleum ©th©r mixture) was added to ©ach bottl© and 

shaken vigorously for 50 seconds* then th© bottlea wer© c©ntrifuge'^ in 

a Typ© SB, Slz© 1, International Centrifuge at 2000 rpm for 5 minutes 

to break the em.ulsion. Th© ©theral layer was drawn off by siphonation 

26 
Standard Methcd.a For Examinations of Pain/ Producta. 9th Ed., 

American Public Health Association. 

"̂̂ Ibid. 26 

2^Ibid, 26 

^Ibid, 26 
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into a single previously dried and weighed Mojonnier fat dish, Th© 

solvcnta wer© vaporiz©d on the Mojonnier fat plate at 155 degree© C, 

until bubbles ceased to rise; the dish was then placed in the vacuum 

ovan at 100 d©gre©8 C, and the last tracea of the aolvent removed, Th© 

diah was th©n cooled in th© deasicntor for 5 minutea. 

Fat titration 

The fat dish containing the extracted fat waa taken 

from the deaaicator and immediately weighed on an analytical balance, 

A 25 ml volume of the solvent (200 ml K-propanol mixed with 800 ml di

ethyl ether) v/aa added to dissolve the fatj 10 drops of th© 1% absolute 

m©thanolic phenophthalein indicator wer© added and th© solution ti

trated to the ©nd point (first pink color remaining for 15 aeconda) of 

th© indicator with 0.05 ^ absolute methanolic KOH, A blanl: titration 

was made on 25 ml of the fat advent and then aubtrp.cted from the fat 

titration. The v.'eight of the fat and th© ml of 0.05 N KOH required to 

neutralize the fat were corrected to the ml of .1 N KOH required to 

neutralize 20 grams of fat. 

pH d©t©rmination 

A 7«5 gram portion of the sample waa weighed, uaing a 

Toraion balance, into a mortar and 1,5 m.l of distilled water waa added. 

Than th© cheeae water mixtur© was ground with a pestl© to a smooth 

craamy consistency. Enough of this mixture was ol&ced in the ssir-plo 

beakar of a previously buffer corrected Beckman pH meter and th© pH 

r©ading tak©n, Th© ch©e3© water mixtur© was returned to th© mortar for 

us© in the free tyrosin© measur©m©nt, 

Fr©e tyrosin© m©asurem.ent 
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A 6 gram portion of the ground chees© water mixtur© 

from th© pH determination was weighed, on a Torsion balance, into a 

test tube and 10 ml of 0,72 N trichloroacetic acid was add©d; th© tube 

was then stoppered and shaken vigoroualy. After setting 10 minutes, th© 

tub© waa again shakan and th© cont©nts poured onto a S & 3 nimiber 5 ^ 

filter paper in a funnel inserted into a auction tube. An aspirator 

waa used as an aid in accomplishing filtration. A 5 ̂ 1̂ aliquot of the 

filtrate was pipetted into a 50 ml Erl©nm©y©r flask and 10 ml of th© 

carbonr't© r©ag©nt add©d and mix©d thoroughly, A 5 ̂ 1 volum© of th© 

color r©agent (1 ml of phenol reagent and 2 ml of distilled water) waa 

add©d to th© flask and mixed thoroughly. Aft©r setting for 10 minutea, 

to allow full color development, the color reading was mad© using a 

Klett-Summ©rson colorimet©r with a number 5^ filter having a light 

transmission range of 520 to 5^0 millimicrons, TV.ia reading was con

verted to parta per nillion of free tyrosine equivalent by the use of 

a previously prepared standard curve of tyrosine color development. In 

ord©r to more clearly present th© data in table and chart form, free ty

rosin© v/as converted to micrograms per 1/10th gram of sample, 

Th© standard curve of tyrosine color development was preparad 

by using a 6 ml portion of a tyrosine solution of known tyrosine con

centration. The colorimeter reading was plotted on graph paper in r©-

lation to th© knovm concentration of tyrosine present in th© teat so

lution, Th© various conc©ntration3 of tyrosine and their reapectiv© 

colorim©ter reading were found to mak© a straight line when plotted on 

graph paper. 

Microorganism counts 
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Th© dilutions for all of th© organism counts w©re made 

by weighing 1 gram of the chees© into a aterilired mortnr. The mortar 

was sterilized by soaking in absolute ethanol for 5 minutes, draining, 

and then burning th© adhering alcohol, Î in© ml of sterile 2^ aqueous 

aolution of sodium citrat© waa add©d and th© mixture ground for 1 

minute with a sterile pestle. This gave a 1:10 dilution or dilution 1. 

Dilutions 2, 5» »̂ 5f ^nd 6 were plated for all but the coliform counts 

which were plated at dilutiona 1 and 2. The lipolytic and proteolytic 

plates wer© counted after incubation for A8 hours at 52 degrees C, The 

y©a3t and mold platea wer© incubat©d at 22 d©jj;re©3 C, for 5 days b©-

fore counting and the coliform plates war© incubated at 57 degrees C, 

for 2A hours before counting. 

Proteolytic counts 

Th© plates for th© prot©olytic counts w©re poured with 

standard agar having 7.5 Ĵl of sterile skim milk added to ©ach 100 ml 

bottle of agar imm©diat©ly prior to pouring th© plates. The proteo

lytic bacteria vrerc recognized by th© clearing of the skim milk sur

rounding th© proteolytic colonies. 

Lipolytic counts 

Th© lipolytic plat© counts were mad© uaing standard 

agar with 1 ml of sterile dyed fat add©d to ©ach 100 ml bottle of agar 

and shaking it vigorously just befor© pouring th© platea, Th© lipo

lytic coloni©s of bactaria wer© recognized hv the blue hydrolyzed fat 

surrounding th©mj th© unhydrolyz©d fat r©tain©d P deep red coir*-. 

Teaat and mold counts 

Th© y©aat and mold plates were poured with potato 
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dextrose agar acidulated to pH 5,5 with 2?i tartaric acid immediately bo. 

fore pouring. 

Coliform counts 

Th© coliform counta were mad© by plating dilutiona 1 

and 2 on desoxychelate agar, ^'rnen the agar had aet, A or 5 nil o^ 

desoxycholate agar was poured as a covering to pr©vent the development 

of atypical colonies. 

In presenting th© data th© logarithm is used for all 

counta because it more accurately presents the population variations 

than would be the case if counta ranging from 0 to several million were 

portrayed in chart form. 



RESULTS 

The results of analysis of the cottage cheea© after 0, 5» ^^^ 

7 days atorage at 50 degrees F, are given in table 1. All microor

ganism counts are given aa th© logarithm of th© actual count, Th© 

pH is given as det©nnined with the Beckman pH meter. Th© free tyro

aine ia shown aa th© micrograms of free tyrosine equivalent per 0,1 

gram of sample, Th© free fatty acids are calculated as th© ml of 0,1 

N KOH required to neutralize 20 grama of fat. 

Sample 1, table 1, shows the free tyroaine content increased 

from 9.1 at 0 days to 11,00 at 5 days, and 15.A after 7 days. Sample 

1, table 1, also shows an increase in the logarithr". of th© proteolytic 

count from A.JO to A.^A, to A,91 at 0, 5> sind 7 days respectively. 

Table 2 showa sample 1 had a alight sour flavor and proteolyzed odor 

at 0 days, Th© flavor at 5 days atorage was sour and bitter with a 

strongly proteolyzed odor. After 7 days in atorage, sample 1 had a bit

ter and rancid flavor with a putrid and rancid odor. Sample 1, table 1, 

had a free fatty acid content of 2.A2 at 0 days, 6.5A at 5 daya, and 

18.A8 at 7 daya, J'here waa a correspondingly great increase in th© 

logarithm of th© lipolytic counts of 5*72, A.jA, and 5*91 at 0, 5> ̂ î d 

7 days respectively. The coliform logarithmic count of sample 1 in-

eroa8©d from 5.05 at 0 days to mor© than A,A8 at 7 days. Th© pH of 

•ample 1 was 5.05» 5*50, and 5,00 at 0, 5, and 7 days raspectively. 
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Th© y©a3t and noli count on aompl© 1, table 1, incr©as©d froia a logarith.m 

count of A,Ao to 5,63 botw©en C daya and 7 days, 

Tabl© 2 showa that aaraple 2 had a good flavor at 0 and 5 days 

and a slightly bitter flavor on th© 7th day. Table 1 shows that aampl© 

2 had a fr©o tyrosin© content of 10,2 on 0 and 5 days and 12,7 on 7 days 

when a bit tar flavor was noted. Sa-iole 2, table 1, hf^d logaritlimic 

lipolytic counta of A,CO, A.I5, and 5,58 on 0, 5, and 7 days respec

tively, but did not develop any rancid flavor or odor during th© 7 day 

etorag© int©rval. The free fatty acid valu©3 wor© 2.96, 5.*'*̂» ^^'^ 

5*5^ on 0, 5> ^^'^ 7 daya. Th© col iform count of sa.Tiple 2 increased 

logarithmically from 1.A8 at 0 daya, to 5*65 at 5 days and to more than 

A,48 at 7 daya. Th© pH of sample 2 did not vary significantly during 

th© 7 day holding p©riod, 

Th© free tyrosine increased more than 2Ao;̂  in sa.nol© 5 during 

ih© 7 days storage. Sample 5 ba,! a sour flavor and slightly rancid 

odor after 5 daya but was not bitter, while on th© 7th day sample 5 bad 

a d©compo3ed and bitter flavor with a putrid odor. Th© logarithm of th© 

proteolytic counts (table l) shows no great increase botwo©n 0 days and 

5 days. Table 1 shows that thcr© was no gr©at increas© in fr©© tyro-

8in© during thia interval, Th© free tyrosine content of aampl© 5 almost 

doubled between 5 and 7 days (tabl© l), Th©re was no growth on th© 

proteol̂ '̂tic plates for the 7th day, so it is unknown whether there waa 

a corresponding increase in the proteolytic count during the 5 <iay to 

7 day interval. Sample 5 ̂ ^d th© aam© logaritVim of th© lipolytic 

counts at 0 and 7 daya but a significantly lower count on the 51*̂  d*y 

(table 1). The fre© fatty acid cont©nt show©d a rapid increas© from 5«22 
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at 0 days to 12.70 at 5 days to 22.92 at 7 days, Th© increase in free 

fatty acids without a corr©9ponding increase in lipolytic count indi

cates that spontaneous lipolysia probably occurred in th© fat of thia 

•ampl©. The pH of samplea 1, 2, and 5 was low©r on thcs 7th day than on 

0 days, with sample 5 ahowing the greater drop. As would be expected, 

a high fre© fatty acid value seems to lower the pH significantly, as 

indicated by aam.ple 5. 

Sample 9f table 1, vfith the 1oweat proteolytic count on 0 days, 

also had the loweat free tyrosine content on the 7th day, even thou^ 

th© proteolytic count was hijrh on th© 7th day, Sampl© 11, with the 

highest free tyrosine valu© after 7 days storag©, also ahowad th© high-

eat protaolytic count on th© 7th day (tabl© 1), 

Table 2 shows that 5 o^ th© 12 coram©rcial aamplea were criti

cized on flavor on 0 daya and 2 wer© criticized for odor on 0 days. On 

th© Jĵcl day, 9 (or 75/̂ ) of the 12 commercial samples wor© criticiz©d 

for flavor and 7 of the 12 «fa!ipl©s w©r© criticized on odor. Tabl© 2 

ahows that all of the commercial 8amr)l©s were critici-̂ ed on both flavor 

and odor on the 7th day. 

Samples 15-20, table 1, were aa plea of th© experimental chees© 

mad© in th© laboratory. Samplaa 15-l6 were from on© vat and th© only 

diff©r©nc© between them waa that the cream used to cream the ĉ ard waa 

subjected to different mathods of lowering th© pH. The cr©am for 

aampl©a 15-16 waa standardized to 15^ fat in one container and th©n di

vided into A containers, Th© cream for sample 15 waa left untr©at©d 

aa a control. Cream for sample lA contained 20^ starter added to lower 

the pH to 5.^. ^ sample 15 lactic acid waa added to th© cr©am to lowar 

http://aam.pl
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TABLE 2 

Th© flavor and odor of the commercial samples of cottage cheese after 0, 
5, and 7 days storage at 50 degrees P, 

Sample 0 Days 3 Days 7 ^ays 

1» Flavor alightly sour sour, b i t t e r 
Odor s l i g h t l y proteolyzed s t rongly proteolyzed 

2i Flavor good 
Odor good 

5i Flavor s l i g h t l y sour 
Cdor rood 

At Flavor tPod 
Cdor Cood 

5» Flavor a l i g h t l y b i t t e r 
Cdor Cood 

61 Flavor 
Cdor 

Flavor 
Cdor 

Flavor 
Odor 

Flavor 
Odor 

good 
good 

siightly 
good 

slightly 
good 

good 
good 

sour 

salty 

7: 

8t 

9» 

lOf Flavor rpod 
Cdor s l i g h t acid 

11 : Flavor Soo<i 
Odor ood 

12» Flavor good 
Odor good 

good 
good 

sour 
slightly rancid 

slightly sour 
slightly rancid 

bitter 
proteolyzed, rancid 

good 
good 

sour, rancid 
s l i g h t l y rancid 

b i t t e r , rancid 
pu t r id , rancid 

s l i g h t l y b i t t e r 
pu t r id 

b i t t e r , decompO0«d 
decomposed, pu t r id 

decomposed, b i t t e r 
decomposed, pu t r id 

b i t t e r , decomposed 
decomposed, pu t r id 

s l i g h t l y b i t t e r 
rancid , pu t r id 

b i t t e r , d©compos©d 
d©corcDoaed, ou t r id 

salty 
good 

slightly sour 
good 

good 
acid 

bitter 
dacompoaed 

sour 
good 

bitter 
strongly prot©olyz©d 

aour, bitter 
proteolyzed 

putrid, bitter 
decomposed 

bitter, docompos©d 
putrid, dccompo8©d 

bitter 
putrid 



TABLE 5 

Th© f l a v o r and odor of t h e exper imenta l c o t t a g e cheese a f t e r 0, 5» and 
7 days atorag© a t 50 d©gr©©a F , 

Sample C l^aya 7 Pays 

15t 

lA, 

I5t 

161 

17J 

18t 

19» 

2O1 

Flavor 
Odor 

Ilavor 
Cdor 

Flavor 
Odor 

Flavor 
Odor 

Flavor 
Cdor 

Flavor 
Odor 

Flavor 
Odor 

Flavor 
Odor 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

slight acid 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

good 
good 

alight acid 
good 

acid 
acid 

alight acid 
slight acid 

alight bitter 
good 

slightly bitter 
good 

acid, bitter 
acid 

alightly bitt©r 
prot©olyz©d 

- 2 A -
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th© pH to A,95, The pH v/aa lowered to A,95 in the cream for aampl© l6 

by the addition of citric acid. These sa.mpl©s wer© stored in the r©-

fri£©rator at 50 degrees F, and analyzed at 0, 5, and 7 days. The 

analytical p roc ©dure s and methoda ©riployed wer© th© sam© as those used 

for the comm©rcial samples. 

Sample 15, tahle 1, wa-? col iform negative on 0, 5f and 7 daya 

but ahowed high proteolytic, lipolytic,and y©aat and mold coimts on 0, 

5, and 7 days. Table A shows the cream used to cream samples 15-l6 

hod a very high proteolytic and lipolytic count. Table A shows th© 

starter contributed to the proteolytic and lipolytic co'unts of samplaa 

15-16. Table 1 shovro no significant difference betv/een the control 

(sample 15) and the sample having 20?̂  starter added to the croam. .\t 

the end of 7 daya the logarithm of the coliform count of sample lA waa 

l.Ao. There waa no difference in th© free tyrosine value of samples 

15 and lA at 7 days but sample 15 show©d a higher concentration of 

fatty acids at 5 ^"i^^ 7 days (table 1). Ta:!© 5 shows that aampl© lA 

had a slight acid flavor on th© 7th day. Sample 15, in which th© pH of 

the cream was lowered with lactic acid, ahowed a decline in proteolytic 

count (table l) but ahowed only O.A leas fre© tyroain© on the 7th day 

than control sample 15* "̂ H© y©a3t and mold count of aample 15, table 

1, rera.aincd almoat static over th© entire 7 day period, but th© lipolytic 

count ahowol a steady incr©ase from 0 days to 7 days. The pH of aampl© 

15 wa?5 lower than any othar sample on the 7th day. The free fatty acid 

content of sample 15 waa high on 0 days, declining through the 7th day, 

but th© aample was criticized for acid flavor and odor on tli© 7th day 

(table 5). jl̂^̂e high 0 day froe fatty acid titration war. attributad 



TABLE A 

Resul ts of ana lys i s of th© ingr©dients used in making the oxp©rimontal 
va ta of cot tage cheoae. 

X''^i^^«^^'^''^l®' „ ' P r o t e o l y t i c 'L ino ly t i c 'Ye-.at and ' Col iform 
Ingredient ^ ^ i d i t y P" count* count* mold count* count* 

VAT 1-SA?:PLES 13-16 

Milk .2Af. 6. A 900 K. N, N. 

S t a r t e r . 8 1 ^ A.55 5,200 5,000 N, 10 

Cream , lA^ 6.5 5,000,000 "̂  1,A00,0C0 Al,000 20 

vrat©r 

VAT 2-SAl-

Milk 

S t a r t e r 

Cr©am 

Vi*at©r 

— 

PLES 17-

.27^^ 

.e>l% 

Ah% 

-

20 

7.0 ?i. 

6,A 900 

^^.55 2,700 

6 .5 62,000 

7.0 II, 

N. 

N. 

2,200 

Ai,ooo 

N. 

Actual plat© counta 

Or©ator than 5,000,000 

H,-Negative 

H. 

K. 

H. 

10,000 

N. 

» • 

10 

- 2 6 -
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to the addad lactic acid in the cream aince that waa th© only -.'^.i.ner in 

vhich aample 15 differed from aampl© I5, It was found that either lac

tic or citric acid addad to th© croam used to cream the chees© curd 

caused the free fatty acid titraion to incroaae. Citric acid did not 

caua© as gr©at an increase as did lactic acid. Semol© I6, table 1, 

ahows all microorganism counta on the aampl© having citric acid a(ld©d 

to th© cr©am (sampl© I6), to remain almost static over th© entir© 7 

day p©riod. The fro© tjrrosin© concentration of sampl© I6 was low©r 

than any other sampl© at th© end of 7 days. This fact would indicat© 

that ther© are poaaibilities of inhibiting proteolysis by the usf. of 

citric acid in the cottage cheeae dreaaing. Table 1 shows sam.ple I6 

had variabl© free fatty acid valuea. At 0 days the fre© fatty acid con-

t©nt waa 5.76. It was 9.76 at 5 days, and dropped to 5*78 at 7 days. 

If th© high fre© fatty acid titration on 0 daya and 5 days is attributed 

to the added citric acid, then the lovr titration on the 7th day can be 

attributed to one of two cauaesj (l) m.icroorganism utilization of th© 

liberated fatty acids, or (2) microorganism utilization of the citric 

acid. The pH of sampl© I6 was A,95 at 0 and 5 days, and A.90 at 7 

days, Th© flavor and odor of sample I6 waa criticized aa being alight

ly acid on th© 7th day, 

Sampl ©a 17-20 were made in the same '.-m-y and th© cream r©coiv©d 

exactly th© aame treatm©nt aa samples 15-16 except that th© final wash 

water of the curd waa inoculated with five active cultures of microor

ganisms. The five microorganisms used wer© ^, subtilis, P̂, fragi. A, 

aeror:ene3j a mold, Gaotrichur. car.didim, and a yeaat, Torule cremoris. 

Table 1 shows that samples 17-20 contained much higher coli-



form, proteolytic, and yeast and mold population than samples 15-16. 

The lipolytic counta of samples 17-20 wer© higher than th© lipolytic 

counts of samples 15-16 but not as high in relation as wer© th© oth©r 

microorganism counts, Ther© was th© aam© similarity botw©en the con

trol sampl© (sample 17) and the sample having th© starter added (aampl© 

18) aa was found in aampl© 15 and lA abov©, Tae only aignificant dif-

f©r©nc©s wer© that th© aaraple having the starter added (aa-.pl© 18) 

8how©d higher free tyroaine and free fatty acid values (tabl© 1 ) than 

did th© control sampl© 17. Both sampl© 17 and 18 w©r© criticiz©d for 

having a slightly bitter flavor on th© 7th day. The 20;̂  starter add©d 

to the cheea© dressing showed no inhibitory ©ffect upon either proteoly

sis or lipolysis, Th©re was no significant differ©nce in th© pH of aam

ple 17 and 18 at any tim© during th© 7 day storage p©riod, 

Th© sample with the lactic acid added to the dressing (sampl© 

19, tabl© l) again ahow©d a high free fatty acid content which declined 

from 5.^^ at 0 days to A.Ao at 7 days, Th© lactic acid add©d to th© 

dr©83ing of aample 19 ahowed no inhibitory eff©ct upon the microorganism 

population of the cottage chees© but show©d slight inhibition of prote

olysis, Th© pH of aamplea 17-20 differed significantly from the pH of 

the commercial sa-rplos 1-12, The comm©rcial samples gen©rally show©d a 

pH drop betw©en 0 and 7 days, whil© the pH of aar.pl©s 17-20 showed a 

aignificant increase b©tw©en 0 and 7 days, 

Sampl© 20, in which the pH of th© dreasing was lowered with 

citric acid, ahowad a smaller conc©ntration of free tyroain© (tabl© l) 

than did th© other aamplea from the aame vat of curd (samplea 17, 18, 

and 19). Th© citric acid did not ahow any inhibition of lipolysis or 

http://aar.pl


- 2 9 -

microorganism growth but did ahow som© inh ib i t i on of p r o t e o l y a i s , Th© 

coliform count (tabl© 1) of aamplea 17-2C ahowad a decrease betw©©n 0 

and 7 days . 



DISCUSSION 

The results show that generally an incr©aa© in prot©olytic pop

ulation counta is accompani©d by an increase in fre© tyroaine. In some 

inatancea a decrease in th© proteolytic count between the 5rd and 7th 

day wan accompanied by a rapid increase in proteolysis. Ther© ar© 

thro© possible ©xplanations for the decrease in proteol;;,'̂ ic counts under 

such circumstances: (l) substances toxic to th© proteolytic organisms 

being formed as proteol^/ais progresses, (2) high free fatty acid content 

of th© aampl©, (5) the pH of the sair.ple becoming too low for the proteo

lytic microorganisms to propagate. Two of the commercial aamplea (5 

and 8) showed no proteolytic organisms when analyzed on the 7th day, al

though significant populations wore observed on 0 and 5 days. In both 

instances a high free fatty acid value and a low pH war© found. Th© 

th©ory of th© inhibition of the proteolytic organiar.a by th© low©r©d 

^0 pPI ia in agreement with the report of Elliker ©t al-̂  . All na'̂ '.pl©s 

showing a small©r proteolytic population on th© 7th day than at 0 or 

5 days also had a pH of 5*00 or lower on the 7th day, Ther© were som© 

instances where a large increase in th© proteolytic population of th© 

comm©rcial sam.ples was not accompanied by a large increase in free ty

rosine; in contrast there vrere inatancea vmere a small increa.'̂ e in pro

teolytic counta was accom,pani©d by large increasRS in free tyrosine. 

50 
Ibid. 2 

.50-
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Th©8© facta aubatantiat© the assumption of a general rather than a pro

portional relationship between proteolytic populations and free tyrosine 

content. The explanation for the apparent discrepancy between proteo

lytic populations and proteolyais, as measured by th© free tyrosine, is 

in th© diff©rences in the proteolytic ability of the diff©r©nt micro

organisms, Som© of the microorganisms which are included in proteo

lytic counts are violently proteolytic whil© oth©ra are alightly pro-

t©olytic. The intensity of th© ©nzym©3 ©laborated vari©s with sp©ci©s 

of organism and a numb©r of ©nvironmontal factors such as nutri©nts, 

temperature, pH of media, and oxidation-reduction potential. 

Charts 1-A ahovr th© results, graphically, of the analysis of 

typical commercial saraples of cottag© chees©, Th© charts suggast no 

relationship between the lipolytic population count and th© fre© fatty 

acid content of cottag© cheeae. Chart 1 shows that aample 2 increaaed 

in lipolytic population from a logarithm of A,00 to 5*5^ between 0 and 

7 daya with only a slight increase in fro© fatty acids. Chart 2 ahowa 

aampl© 5 had the some lipolytic population count on th© 7th day ao on 

0 daya but increaaed almost fivafold in fr©© fatty acid valu© during 

the 7 day p©riod, 

Th© pH of th© coram©rcial aamplea in most caa©a was highar on 

th© ^rd day than on 0 daya, and lower on th© 7th day than on C daya, 

Th© ©xp©rimental samples generally bad a higher pH on the 5rd day than 

on 0 days and a higher pH on the 7th day than on tlie 5̂ ^̂  day. In gen-

©ral, th© rising pH of th© ©xp©rim©ntal 8ampl©s was accompaniad by a 

docr©a3e in th© fr©© fatty acid valu©3. Lactic and citric acid vrh©n 

added to th© dr©8aing of the experimental aom.ples caused on increase 
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in the fre© fatty acid titrations over th© control aampl©3. The fre© 

fatty acid valu©3 of th© aampl©s containing ©ith©r lactic or citric 

acid add©d to the dressing, d©cr©a3od during the 7 day storage period. 

All of th© comm©rcial sampl©s (table 1, samples 1-12) which had 

high free tyrosine contents on the 7th day also had high free fatty acid 

values on the 7th day. Th© possibility of th© liberat©d fatty acida 

aerving as hydrolyzing agents for the prot©in3 or aa catalyats in the 

protein hydrolysis ia indicated by th© fact that high fre© tyrosine 

content and high free fatty acid content ware found in the sam© aampl©s. 

This possibility of liberated fatty acids serving as hydrolyzing agents 

or catalysts in protein hydrolysis is a new concept and should be in-

vescigated further. 

Ko relationship waa found between the free fatty acid valu© and 

rancidity, Som© samplew v/ith high free fatty acid did not have any 

rancid flavor or odor, whil© other samples with low fre© fatty acid 

content had rancid flavors and/or odors. 

Charts 5-12 (sampl©a 15-20) show, in graph form, th© r©sults 

of 0, 5» and 7 day analysis of the ©xp©rlmental samples of cottage cheese. 

Charts 5-5 ahow that th© fre© tyroaine content of the freah ©xperimen

tal aaunples of cottag© ch©e3© waa much lower over the entir© 7 day p©r-

iod than th© fro© tyrosine content of th© commercial samples during the 

7 day holding time. The proteolytic population counta on ©xperimental 

•amples 15-16 (charts 5-*5) w©r© higher during the entire 7 day holding 

p©riod than were the proteolytic counts of th© commercial namploa dur

ing 7 days atorare. The fact that th©r© waa less proteolysis, ^^ m©a-

mired by th© fr©e tyrosin© cont©nt, in th© ©xp©rimental 8ampl©s than in 
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the commercial sampl©s ©v-n though th© ©xp©rim©ntal sa-̂ nlea had hirh©r 

proteolytic counta indicates th© influence of a time element and vari

ability in intensity of enzymoa elabor'̂ ted from the organisms in pro-

taolyaia. The free tyrosine content of 3ampl©s I5-I6 (charts 5-®) ̂ '̂ ^ 

less at th© end of th© 7 day holding p©riod than was th© fre© tyrosin© 

content of about 75^ of th© commercial samples when analyzed at 0 days, 

Th©r© 8©em8 to be a point between 12,00 and lA.OC micrograms of fr©e 

tyrosin© equivalent per 0,1 gram of aampl© at which proteolytis begins 

to take place very rapidly'- (tabl© 1, aamplas 5» 1$ and 9). Prot©olysis 

progres8©d comparativ©ly alowljr between 0 and 5 days and in many in

stances waa found to progress rapidly between the 5**̂  and 7th daya in 

the commercial aamplea. Only 5 of th© oxp©rimental 3ampl©s (charts 9, 

10, and 11) had reached th© point of acc©l©rated proteolyaia at th© end 

of 7 days. The degree of proteolysis sooma to b© controll©d mor© by 

time than by proteolytic microorganism populations until th© fre© ty

rosine content haa r©ached a point of from 12 to lA microgram© p©r 0.1 

gram of sample at which tlm© proteolysis progr©s8©3 rapidly and in many 

cases th© proteolytic population decreaaea. A posaible explanation for 

such a tr<̂ nd has previously been mentioned, A similar relation b©tw©©n 

lipolysia and lipolytic population counts waa noted, Th© tim© ©lem©nt 

do©s not app©ar to affect lipolysis as much as it does proteolysis, Li

polysis, as measured by the fre© fatty acid content, haa more of a cyc

lic variation than does proteolyaia, Th© cyclic variationa in fre© fat

ty acid content, aa mentioned earlier, are probably th© result of soma 

of th© microorganism.s utilizing the liberated fatty acids in thair met

abolism. 
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Table A showa two T>ot©ntial aourcos of lipol;rtic, proteolytic, 

and col iform organiama to be the starter and dressing for th© cotta?];e 

cheea©. Tabl© A also ahows that th© cr©am u8©d as cottag che©3o dreaa

ing may contribute to the yeaat and mold population of the finiahed 

product. No relation waa found between yeaat and mold populations and 

either free tyroaine content or fr«̂ e fatty acid values. !5inco no dif-

f©r©ntiation could b© made betv;©©n th© lipolytic molds and th© oth©r 

lipolytic microorganisms in th© lipolytic population counta it was aa-

numad that th© mold populations of the samples contributed greatly to 

the lipolytic population counts. The yeaat and mold counts serve aa 

an index of the sanitation of th© plant in which cottaT cher̂ ae is m.ade 

and/or packaged. Since cottage cheese ia uncovered during much of th© 

manufacturing process and usually ha.'s the dressing added to, and ia 

packaged, from an open vesael, there is am'̂ le opportunity for airborne 

spores to conto-minate the cheese. A heavy infestation of molds in a 

pl?nt which manufactures cottage cheese is refl©cted in th© y©ast and 

mold population of the cottB.g© choeae from that plant. 

There ia no relation between th© coliform population of cottag© 

ch©©se and th© lipolyci? and proteolysis occurring in th© che©8©. Th© 

col iform count may serve as an indication aa to the care and aanitation 

practices observed in th© manufacture of th© cottage ch©©8e. Th©rc is 

ample opportunity in th© manufacture of cottage cheese for coliform 

contamination. Picking up curd particlea for tf»xture determination, 

wash water, packarinr eauir)ment, and oprn vata repreaprt some of th© 

poaaibl© sources of contamination. 

The ©xperimental sam.plos (charta 6, 7, 8, 10, 11, and 12) in 
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which the pH of th© dr©asing was lovf©r©d artificially shoved varying 

d©gro©8 of protoolynis. Sampl© lA (chart 6) contained 20^ start©r add©d 

to th© dressing, Th© addition of th© starter ahow©d no inhibition of 

any mlcroorgr.nisr. populations or proteolysis, but the free fatty acid 

value.<r of Banple l̂^ vrere lovrer at 5 S-̂d 7 days than wer© th© fre© fatty 

acid values of the control (aar.ple 15, chart 5). Th© pH of aamplas 15 

and lA was the som© on 0 and 5 days, but the pH of aampl© 1^ v;as .05 

lower than the pH of control sample 15 on the 7th day. In sample 15 

(chart 7) the pH of th© dresning was lov.'ered to 5 hy the addition of 

lactic acid. The addition of lactic acid to the dressing of aample 1^ 

showed a slight inhibitory ©ffect upon proteolysis of this sample. A 

poaaibl© inhibition of protcol^'tic microorganism growth by th© add©d 

lactic acid is indicat©d by chart 7» The free fatty acid titration of 

aampl© 15 waa very high on 0 daya and declined through the 7th day 

(chart 7)» The high fre© fatty acid value shown by this saxpl© on C 

days waa attributed to the added lactic acid being carried over in the 

fat extraction procedure. The pH of 8a.mple 15 waa extremely low on th© 

7th day. The lor.' pH of thia sample on the 7th day is th© probable 

cause of th© d©clin© in the proteolytic count between 0 and 7 days 

(chart 7)» Th© pH of the dressing of sampl© l6 (chart 8) was lowered 

to 5 hy the addition of citric acid. The citric acid added to th© 

dressing of aample l6 did not show any inhibitory effect upon any of 

the microorjTiriism population counta, but proteolyaia, a.̂  m©asur©d by 

th© fr©e tyrosin© content, wis inhibited by the citric acid. The fr-o 

fatty acid titration of th© fat ©xtract©d from aampl© l6 was higher at 

Ô f̂tnd 5 ̂ aya than th© titration of th© fat extracted from th© control 
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(aampl© I5), Aa was th© cas© with aampl© I5 (chart 7), th© high©r fr©e 

fatty acid titration on 0 daya waa attributad to th© acid which was add-

©d to the dressing of the sample, Th© pH of sam.pl© I6 was the sam© on 

0 and 5 daya but droppad alightly on th© 7th day, 

3ampl©s 17-20 (charts 9-12) were from the vat of ©xp©rim©ntal 

che©8© in which th© final wash water waa inoculated with varioua micro

organisms. These aamples were tr©at©d the same aa aamplea I5-I6. As 

waa ©xpected thes© aomplas (17-20) had gr©ater microorganiam populationa 

than did aamplas 15-16. Th© control aample from the inoculated vat 

of cheese (sample 17) had a lower free tyrosine content at th© ©nd 

of 7 days than did th© aample in which 20^ atartor had bean add©d to 

th© dressing (aampl© 18), Th© fr©© fatty acid cont©nt of aample 18 

(chart 10) was higher on the 7th day than waa the free fatty acid con

tent of sample 17 (chart O) on the 7th day. Th© pH of aample 17 was 

0,25 higher on th© 7th day than on 0 days. No reason was discovered 

for th© 8t©ady rise in pH found in samples 17-20 betw©©n 0 and 7 days, 

Th© low©ring of th© pH of th© dressing for sor.plo 19 (chart 11) with 

lactic acid did not have any inhibitory ©ffect upon microorganiam pop

ulationa but in comparison with the control (sampl© 17) did show som© 

inhibition of proteolysis. The free fatty acid titration of the fat ©x-

trocted from aemipl© 19 was lower on ©ach successive analysis from 0 to 

7 days. Again th© high©r fre© fatty acid titration on 0 days waa at

tributed to th© lactic acid carrying ovf-r to the free fatty acid ti

tration. Sample 20 (chart 12) had th© sam© fre© fatty acid titration 

valu© on th© 7th day as it had on 0 days. Th© pH of the dressing for 

aampl© 20 was lowered to 5 by the addition of citric acid. Th© citric 

http://sam.pl�
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acid add©d to th© dr©ssing of sample 20 did not show any p o s i t i v e i n d i 

ca t ion of microorganism inh ib i t i on but did show a p o s i t i v e i nh ib i t i on 

of p ro t eo lys i s aa measured by the f ree tyros ine content , 

A comparison of th© 0 days ana lys i s for f ree ty ros ine of aamploa 

15-16 ( cha r t s 5-^) with th© 0 days ana lys i s for fr©e tyros ine of samples 

17-20 (char t s 9-12) indica tes the p o s s i b i l i t y of differences in milk 

pov;d©r. The 0 days ana lys i s of th© two groups of sar.ples were made be

fore any a i g n i f i c a n t amount of p ro teo lys i s should have occurred, but 

th© f ree ty ros ine content of the aecond group (samples 17-20) waa a ig -

n i f i c e n t l y higher than the f ree ty ros ine content of samples 1^-16, The 

milk powder used in making samples 17-20 was from a d i f fe ren t container 

than t h a t used in making samples 15-16, 
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SUMMARY 

Four sources of comm©rcial cottage che©se and two exporim.©ntal 

vata of ch©©3© mad© in th© laboratory w©r© analyzed for proteolysis, 

lipolysia, and pH. Also proteolytic, lipolytic, coliform, and yeaat 

and mold counta were made on each sample. 

The commercial samplea of cottage cheeae were purchased at 

random from retail food stores. One 12 ounce carton of each of A brands 

was purcha3ed for each aet of samples. The experimental cheese was 

made in the laboratory in a 10 liter experimental cheese vat. 

All samples vrere stored in the refrigerator at 50 degrees F, 

for 7 days, and wore out of the refrigerator only a few minutea for 

withdrawal of portions for analysis on 0, 5> and 7 daya. 

Some of the commercial aamplea were criticized on flavor and 

odor when purchaaed, and non© of th© comm©rcial aamplea escaped flavor 

and odor criticism on the 7th day. 

It was found that usually a bitter flavor waa detected when th© 

fre© tyrosine content had reached 10,5 to 12,5 micrograms of fre© tyro

sine equivalent per 0,1 gram of sample. Generally a rise in th© pro

teolytic organism population of a sample of cottage cho©se was accom

panied by an increase in the froe tyrosine content, Proteolyais pro

gresses comparatively slowly until the fre© tyrosine content reaches 

from 12 to lA micrograms per 0,1 gram of aampl©. After th© fr©e tyro-
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sin© r©ach©d 12 to 1A microgroma per 0,1 gram of sample, proteolysis 

occurred rapidly, A decrease in th© proteolytic population accompanied 

th© rapid rise in free tyrosine in many instances, Tne proteolytic 

population counts ranged from 9C-0 to several million. Proteolysis waa 

regulated more by tlm© and ©nzyme intensity than by th© total proteo

lytic population, Th© concentration of free tyrosine was greater in 

th© commercial samples at 0 daya than in th© experimental aamples at 

7 days. This fact shovred that the cottage chees© on th© local mark©t 

had almost reached th© point in proteolysis at which rapid spoilage be

gins to tak© place, when made available to th© public. 

No con3ist©nt relation was found between free fatty acid values 

and a rancid odor or flavor. Several samples showed a high lipolytic 

count and a low free fatty acid value, whor©a8 some shovred comparativ©-

ly low lipolytic counts and high free fatty acid content, Th© lipolytic 

counts ranged from 5>200 to 3©v©ral million. Th© fre© fatty acid values 

of th© comm©rcial samples ranged from I.50 to 25.OA ml of 0,1 N KOH 

required to neutralize 20 grams of fat. In many inatancea the high 

free fatty acid valuea were accompanied by extremely high free tyrosine 

contents. This foot indicated th© possibility of the liberated fatty 

acids serving as catalysts or hydrolyzing agents in protein hydrolysis, 

Th© pH varied g©n©rally from 0,5 to 0.20 high©r at 5 days than 

at 0 days and droppad to 0.10 to C.50 low©r at 7 days than at 5 daya. 

Ho defonito relation waa ahown between th© pH of th© samples and prot©-

olyais, but a pH of 5.00 or lowar gen©rally 8how©d an inhibitory effect 

upon proteolytic populations. In most inatancea the pH declined as the 

fro© fatty acid valuea increased. 
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Th© addition of 20% starter to th© dressing of cottage chocs© 

did not ©nhance the keeping qualities and showed no inhibition of 

microorganism populations. 

Lowering the pH of th© dressing of cottage che©s© to 5 by th© 

dropwise addition of ^% lactic acid did not inhibit microrganiam 

growth. Th© add©d lactic acid ahowed a slight inhibition of proteoly

sis. Th© free fatty acid values of th© aamplea having lactic acid add

ed were hi^^ at 0 days and decreaaed through the 7th day. The high 0 

day fr©e fatty acid valuea were attributed to lactic acid being car

ried over to the fat titration. 

Lowering the pH of th© dreaaing to 5 by the dropwiae addition 

of 50?» citric acid haa possibilities as a mehtod of enhancing th© k©©p-

ing qualiti©3 of cottage cheese. Although the addition of citric acid 

to the dreaaing did not inhibit microorganism populationa, proteolysis 

was inhibited significantly, which sugraats that a pH of 5«0C or slight-

ly lower interfered with the proteolytic enzyme system of organisms. 

The coliform counts of the commercial aimolea ranged from 0 to 

more than 50,000, No relation vras observed between coliform populationa 

and lipolysis and proteolysis, Coliform counta aerve as an index of the 

sanitation practices observed in th© manufacture of cottage cVieoso, 

Th© yeast and mold counta on the commercial samples ranged bo-

tw©©n 500 and 200 million euid did not show any significant coordination 

with lipolysis or proteolysis. Yeast and mold counta servo as an indi

cation of plant sanitation since thor© is ample opportunity in cottag© 

che©s© manufacture for airborne spores to contaminate th© product. 

The molds pr©a©nt in the cheese were assumed to hav© contributed to 
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the lipolytic counts. 

About 50^ o^ the exp©rim©ntal 8ampl©s were criticized as hav

ing a alight acid or alight bitter flavor at 7 days storage, whereas 

all commercial samples tested were criticized for flavor and odor d©-

fects at 7 days. None of the experimental sa-nples were criticized for 

flavor or odor at 0 days; one was criticized as having a alight acid 

flavor at 5 days. Over Ao% of the commercial samplea wer© criticized 

for flavor and/or odor at 0 days and over 80^ of the commercial aamploa 

wor© criticized for flavor and/or odor on tVi© 5i*<3 day. 

Analysis of th© ingredients used in making th© experimental 

vats of choeae showed th© start©r and dressing to potsntial sources of 

lipolytic and proteolytic microorganisms, 

Th© significant differences in free tyrosine of the ©xperimen

tal vats of cheeae at 0 daya indicates the possibility of the milk used 

to make cottage ch©©ae affecting th© k©eping qualiti©s of th© finish©d 

product. 



CONCLUSIONS 

Th© results of analysis of both commercial and ©xperimental 

aamples of cottare ch©©3© after storage at 50 degrees F, for 0, 5» and 

7 days indicatoa that much of the cottag© ch©©8© sold through th© local 

ratail mark©t3 haa passed its prim© in quality, Th© author realizeo 

that a large part of th© cottag© cho©se curd used by th© local dairy 

plants is shippad into th© local area, th©n dressing added and th© 

finished product packaged locally. 

The r©3ults of thia research indicate that the quality and 

k©eping proporti©3 of th© cottag© che©3e could be greatly improved if 

th© dairy plants distributing cottage cheese locally would use a high 

grade skim milk powder to make their curd and us© th© sam© care in 

producing cottage cheeae as is practiced in th© production of th©ir 

other dairy producta. 

It is this writer's belief that the local cottage cheese con

sumption could be incr©as©d tr©mendously if th© dairy plants would 

plac© on th© mark©t a high quality cottage choeae with good k©©ping 

qualltias. 
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