A STUDY OF FACTORS AFFECTING THE

SHELF LIFE OF COTTAGE CHEESE

By
Orville Dean ﬁall
Bachelor of Science

Oklahoma Agricultural & Mechanical College

Stillwater, Oklahoma

1955

Submitted to the faculty of the Graduate School of the Oklahoma
State University of Agriculture and Applied Sciences in
partial fulfillment of the requirements for the Degree of

MASTER OF SCIENCE
May, 1958



A STUDY OF FACTORS AFFECTING THE

SHELF LIFE OF COTTAGE CHEESE

ii



OKLAHOMA
. STATE UNIVERSITY
LIBRARY

NOV 18 1959

e AL S L

A STUDY OF FACTORS AFFECTING THE

SHELF;LIFE OF COTTAGE CHEESE

Thesis Approved:

Thesis Advisor
(i? |

Paculty Representative

Dean of the Graduate School

430707



ACKNOWLEDGEMENTS

The author wished to express his sincere appreciation to:

Dr. Harold C, Olson, for his assistance, advice and
encouragement, in the development of this study and

the preparation of this thesis.

Dr. Charles L. Norton, for his advice and assistance

in the correction of the manuscript.

Dr. James B, Mickle, and Mr. Paul E. Johnson, for

their encouragement and advice.

Mr. Robert L. Von Gunten, for his assistance, advice
and patient cooperation during the course of this

study.

The author is deeﬁly indebted to the Payne County Co-
operative creamery, especially Mr. R. W. Huggett and
Mr. Charles F. Trantham, for their cooperation and
assistance in supplying cottage cheese curd used in

various trials during the course of this study.

Mrs., Ramona Burkhart for typing this manuseript.

iv



TABLE OF CONTENTS

. Page

INTROBUCTION «.oovoccococonoscocoranonosssosanascoscooononocons 1
REVIEW OF LITERATHRE ....cccvcosssooonccocccoacscoansccoonsoanse 2
EXPERIMENTAL METHODS - .0 cueenooncnnnnnsoneneeecsooaemoonnnnnes 9
A. Hydrogen ion concentrations oo eceenecnsancsesnena 9

B. Organeleptic determinations oooouooaogeoncoaqoooqwoav 10
EXPERIMENTAL RESULTS AND DISCUSSION . oococuconeseocseonsnnocoos 11

A, Influence of Aureomycin and of Serbic Acid en
ShelfLife ocnoooooooaouaénoboooouonunooounoonoaoooo ll

1. Series I ..ccevvcoossavcsocnocacosoascocoosas 12
2. Seried II ..ccesveoccccsscossaocaoacoopooacaoao 21
B. Influence of pH on Shelf Life ...ccncvcsvsccaocnccas 29

1. Variations in Titratable Acidity at time
of Cutting Curd ...cccsc0ccccncoococssacoocons 29

2. Variations in pH of Creaming Mixtures ....... .33

3. Variations im pH of Wash Water t oo becoaoeeens ?39

C. Influence of Medificationg of the Creaming Mixtures . ;43

1. Adding Citric Acid ..c.vcovsecoosooossacacson 43

2. Adding Lactic Culture ..cccesceovcoacscosnons 46

D. Influence of Adding Salt and Culture om Shelf Life . 53
SUMMARY AND QONGLUSIONS ...vccccoconccooocnosooooooornosonsacsae 64
LITERATURE CITED .ccocoooceavooconoscoonnsosodosocosacascnsoocsnnsse 68

VITA 60908088000 0284060CHOOCOOD000@deEG000000C0S00CO0HBQO000CCSA0OCOCO0ALC QS

TYPIST PAGE



Table

I.

III.

V.

VI.
VII,

VIII.

XI,

XII,

LIST OF TABLES

Influence of Aureomycin and Sorbic Acid on the

Keeping Quality of Creamed Cottage Cheese,

Series I ~ Prepared Samples

Triﬂl I L ] o a (-} L] o e o o L] ° L o © L] o -] o o o ° L] L] L]
Tria]. II L] o o L] o o o o o o L] o ] o L] L] L] L] -] o L] L] °
Trial In o o o L) o o o L+] o L (-] o o L] L] ] ° L o ] (-] L] o

Influence of Aureomycin and Sorbic Acid on the
Keeping Qudl ity of Creamed Cottage Cheese,
s&l‘ieﬂ II " comercial s&mplﬁs ¢ © 0 8 o & 0 &6 ¢ & e o

Influence of Aureomycin and Sorbic Acid on the
Keeping Quality of Commercial Cottage Cheese,
(Average Shelf-Life in Days (26 samples)) « « « « o «

Influence of Titratable Acidity at Time of Cutting

on the Keeping Quality of Creamed Cottage Cheese . . .

Influence of pH of Creaming Mixtures on the Keeping
Quality of Cresmed Cottage Cheese
TrialIoooaooas"onouonucaopononu
Triﬂ]SII"“vaooonnoneooooaooeacoo

Influence of pH of Wash Water on the Keeping
Quality of Creamed Cottage Cheese « o ¢ o« ¢« ¢« o « o o o

Influence of Adding Citric' Acid on the Keeping
Quality of Creamed Cottage UJheese - - o « o o o o o o o

Influence of Adding S. lactis on the Keeping
Quality of Creamed Cottage Cheese . - « ¢ o o o o o o o

Influence of Adding S lactis and L. bulgaricus on
the Keeping Quality of GCreamed Cottage g%eese o s

Influence of Adding Salt on the Shelf-=Life of
Grmd cottage Cheese -] o a o -] o L] -] o L] o o L] -] o o

A
Influence of Adding Salt and Culture on the Shelﬂ,ai
Life of Creamed Cottage Cheese
Trial I o o @ -] L] o o o -] o -] o o o o L] (-] -] (-] o o -] o -]

Influence of Adding Salt and Culture on the Shelﬂglife
of Creamed Cottage Cheese

Trial&IImV(Unimclula‘th) 0% 0 @4 O W & O E O O O @
TrialsII"V(Inoculﬂt‘ed)o 6 & © ®» 6 ® o v B8 0 9 ©° 6

vi

16

23

28

31

35
36

45

47

o1 §

54



INTRODUCTION

Undervthe‘prgsentrday cpnditiqngvofkprocess;ng gpd hand}ing of
- cottage cheese phe?g is»ever present the problem of spoilage. Apou? 30
years ago the processing of cottage cheese undervent a radieal change,
pppgghtvgbout by consumer demands for”a‘blapd”producta »Befpre Phe_morev
re¢ent“p?a¢tiées cottagg_cheesg cgrd wasnspbjectgd ﬁo»ipqpmplete‘cooking,
vhich rasulted fn @ leygs anount of lactose being fncorporated in the
curd. The actose nads possible a Later femmentation and an increase
;gmagiéipyo wThis acidity‘pyotegtgd the cgttage'qhgese against spoil-
sge due %o certain micro-crganisns. Since at the rresent tine nost
cottage cheesg_curd»isfgquécted ﬁo‘mpre complete équing_m0r91§£ ﬁhg
lactose is lost in the whey. This fegults in a product whicﬁ-is ioQér ,
in acidity and has‘lessﬁprbtection:f;om_the»gcida -
This present'study was condugtgd tpl(l)ﬂgetgrmipe the.inm
fluence of antibiotics and antimycotics on the kegpipg quglity of
cottage cheese, (2) determine the influence of hydrogen ion concen~ ;
o - TeT e .
tration in (a) the_creaming mixtures, (b) the time of cutiing thelcuyd:
(e) the wésh waters, on the keseping quality of cottege cheese, (3)5 
the influenge of modifieaticn‘of the crgaming mixtureg pn.the kgésing
quality, and (L) the influence of addiﬁg'culture and salt to d;ttage

cheese to improve the keeping quality.



REVIEW OF LITERATURE

Deane, et al (3) examined 79 samples of cottage cheese, repre-
senting 25 plants, by organoleptic, chemical, bacteriological and keeping
quality tests. Samples submitted by the manufacturers were found to be of
higher quality when received, than samples purchased in retail stores.
The keeping quality of both groups, as measured by holding 2 days at 21° C.
(69.89F.) or 5 days at 6-7°C. (42.8-44.6°F.) were equally poor. The butter-
fat, moisture and total chlorides varied from 2.2 to 2.8%, 71.8 to 81.8%
and_0.32 to 1.7% respectively, with corresponding averages of 5.2, 77.8
and 1.2%. The pH values ranged from 4.4 to 5.2 with 59 samples having
a pH of 4.8 or above and 21 samples with pH 5.0 or above. A slime curd
defect was found in both stored and fresh samples of cheese having a pH
below 4.7 when received. Poor flavor characteristics of fresh cheese and
cheese stored at 21°C. (69.89F.) for 2 days were associated most closely
with mold counts in excess of 100/gram. Proteolytic and lipolytic
counts in excess of 100/gram on the cheese received were associated most
closely with poor keeping quality after 5 days at 6-7°C. (42.8-44.6°F.).

Elliker (7) and Parker, et al (19) reported that three (3)
species of bacteria, Pseudomonas fragi, Pseudomonas viscosa, and Alcaligenes
metalcaligenes are responsible for much of the slimy, gelatinous curd de-
fects of cottage cheese. These workers also reported that these bacteria
are readily isolated from equipment, plant dust, creaming mixtures, and

water supplies.



Elliker (7) reported that pH was véry important in determining
the keeping quality of cottage cheese. His tests showed that in curd
inoculated and incubated at 59°F. for 72 hours, there was no visible

spoilage at pH of 4.8. Pseudomonas viscosa produced slime at pH 5.0 and

all bacteria did at pH 5.2.
Collins (1) reported that prolonged incubation permitted cul=-

tures of Pgseudomonas fragi, Pseudomonas visocsa and Alcaligenes metalca-

ligenes to cause surface spoilage of cottage cheese at initial pH values
as low as 4.6 and at temperatures as low as 3.5°C(38.39F.). The de-
fects developed slowly. at low pH values and very slowly at 3.5°C. (38.3F.).

Low initial pH values did not retard Pseudomonas viscosa as much as they

retarded Pseudomonas fragi and Alcaligenes metalcaligenes; low tempera-

tures did not retard Pseudomonas fragi as much as they retarded the other

two species.

Harmon and Smith (12) reported that mierobiological analysis
of 48 retail market and 35 plant samples of cottage cheese indicated
that many types of organisms capable of causing spoilage proliferate
in cottags cheese at 429F. The average microbiological populations ir?
cottage cheese samples purchased from retail markets were much higher
than in samples secured directly from commercial plants, and held 4 days
at 420F, Most types of spoilage occurred throughout the pH range of
cottage Cheese, but pH below 5.0 prolonged the shelf: 1life and reduced
the rate of proliferation of coliform, lipolytic and proteolytic organisms.
Terminal avefage yveast and mold populations increased as the pH of the
cottage cheese decreased. Greater proteolysis, as measured by free
tryptophan, occurred in high pH samples. Fairly good correlatien existed

between the type of organisms attaining dominance and the nature of



organoleptic deterioration. Fairly good ceorrelation existed between
average initial celiform and lipolytic pepulations and keeping quality,
but there was much variation among the individual samples. There was
little correlation between shelf life and organoleptic quality of the
fresh cheese.

Harmon and Smith (11) reported om 17 vats of cottage cheese
that were manufactured in 12 commercial plants. Microbioclegical analyses
were performed on samples of all raw materials and on the cheese at
various stages of manufacture. When held at 507 F., representative
Sample@‘fram 10 of the vats possessed shelf life ranging frem 50 to
10 days, and the shelf life of samples from 7 vats ranged from 13 to
16 days. In the fresh cheese logarithmic averages of the counts of
coliforms, lipelytic and proteolytic bacteria were 50, 1,298 and 1,967
per cent greater in the groups of samples with the shert shelf life
than in the group with the shelf life of 13 to 16 days. The imitial
organoleptic quality scores were only slightly higher in the group with
the longer shelf life. The pH of the cheess and temperature at which
the product is washed and handled are important factors im keeping
quality. The shelf life of samples at 4@0 F. averaged 51 per cent
longer than correspending samples held at 500 F. Improperly pasteurized
milk and cream, coagulator, starter, eir and contaminated equipment were
found to be sources of spoilage organisms. Samples of several of the
above caused spoilage when incculated into sterile cheese and incubated
at 21° ¢. (69.8° F.) for 4 days. |

Harmon, et al (l0) reported that storage of cottage cheese at
a uniform temperature of 42° B. results in a much longer shelf 1life than

the fluctuating and much higher average temperature to which the product



is usually subjected to in retail markets and home storage. The shelf.:'
life ranged from 5 to 19 days on the samples obtained on the market and
from 6 to 23 days on the samples obtained from the plants.. The averages
were 11.9 to 15.1 days respectively. The shelf ‘life of samples stored
at 50°F., ranged from 5 to 16 days and averaged 10.9 days and that of
duplicate samples stored at 42°F. ranged from 6 to 23 days and averaged
16.5 days. Sémples in which the pH increased possessed sn average
shelf life of 13.5 days and samples in which the pH decreased had a
shelf life of 16 days. There was a definite relationship between the

pH and the type of off-flavors and spollage. Unclean flavors seldom
appeared in low pH samples while musty flavors were more freguent in the
low range. Putrid and bitter flavors occurred throughout the pH range,
but were more common above pH 5.0, Fruity flavors occurred over the
entire pH range while an acid or sour flavor was evident in samples
having a pH range of 4.52 to 4.92. ©Surface slime or discoloration oc-
curred throughoui the pH range but was common above pH 5.0.

Rhodes and Harmon (20) reported that there is some relation-
sﬁip between free tyrosine content and occurrence of bitter, rancid or
decomposed flavor, with off-flavors appearing when free tyrosine reached
125 to 150 ppm. )

Davis and Babel (4) reported that the rate of &lime = o luz
formation on cottage cheese inoculated with bacteria capable of pro-
ducing the defect was related to the temperature of holding. Some of
the cultures failed to produce slime at 4.4 or 10°C. (40.1 or 50°0F,) in
14 days, whereas, others produced it in 7 to 11 days at 4.49C. (40.1°F.)
and 5 to 7 days at 10°C. (50°F.). A1l of the cultures produced slime on

cottage cheese held at 21°C. (69.8°F.) in 1 to 4 days. Cottage cheese



having a pH of 4.7 readily developed slime when the temperature was favor-

able, As slime formed on a cottage cheese sampls the pH of the slime

area increased., Formation of the slime was rapid after its initial ap-

pearance. Cottage cheese curd washed with suspensions containing 2,000,CCO

to 120,000,000 bacteria per milliliter retained from 0.0093 to 0.40% of

the opganismso Ropy cultures were retained more readily than non-ropy

cultures. The temperature of incubation had a greater effect on the

rate of slime formation than did the number of bacteria in the wash water.
Collins (2) reported that either 3 or 5 ppm of residual chlorine

destroyed cultures of Pseudomonas fragi, Pseudomonas viscgsa, Alcaligenes

metalcaligenes, Egcherichia ccli and Aerobacter aerogenes very rapidly at
pH 6.0, The bactericidal efficiency of chlorine was somewhat less at pH
8.0, and greatly reduced at pH 10.0. Pseudomonas fragi was the most

resistant species studied. The effectiveness of chlorine was decreased

by low temperatures. For equal destruction of Pseudomonas fragi at 4.4

and 21°C., (40.1 and 69.8°F.) approximately twice as much time was re-
quired at 4.4°C. (40.1°F.).
The influence of antibiotics and antimycotics on microf
organisms in dairy products has been studied by variocus investigators.
Greene and Bell (&) reported that chlortetracycline and oxy-
tetracyclihe added to raw milk in the order of 10 ppm effectively inhibited
both acid production and bacterial groﬁth for 20 hours at 37°C. (98.60F.). .
Godkin and Cathcart (9) found that, with autoclaved custard fillings.

0.6 to 1.0 ppm of chlortetracycline and oxytetracycline were effective

against Mierococcus pyogenes during a 24 hour incubation period at 37°C.,
(98.69F.). Pencillin showed slight effectiveness at 1.2 ppm. Bacitracin

(40-60 ppm) and chloramphenicol (/-5 ppm) were valueless. Sublitin



7
demonstrated imhibitory action at 10 ppm and bactericidal action at 20 ppm.
With non-autoclaved £illings 1.0 ppm of chlortetracycline and oxytetracycline

were effective against Micrococcus pvogenes.

Hashida (13) reported that antibiotics added to cow's milk within
4 hours of nilking gave the following preservations at BOOCQ (SGOFO):strep=
tomycin and penicillin (200 ppm) 1 day; chloramphenicel {100 ppm} 2 days;
patulin (200 ppm) 3 days; and chlortetracycline and oxytetracycline (100
ppm) 4 days.

Hashida and Asai (14) reported on mixtures of antibiotics added
to raw cow's milk and the time of presaervation; they are as follows:
patulin {100 ppm} plus chlortetracycline (100 ppm) 10 days; penicillin
(100 ppm) plus chlortetracycline (100 ppm) 8 days; and penicillin plus
chioramphenicel, patulin plué chlortetracyeline and chloramphenicol and
chlortetracycline or patulin and chlortetracycline had a slight effect.

Inomoto and Hashida (13) reported that acid production and
coagulation in milk were checked by chloramphenicol, chlortetracycline
and oxytetracycline. The above antibiotics and also patulin were effec-
tive against putrefying microorganisms isclated from milk and dairy
products for short preservations.

Shiveler and Weiser (21) repo:ted that penicillin (3 ppm),
dihydrostreptomycin (10 ppm) and chlortetracycline (100 ppm) effectively
inhibited bacterial multiplication for 24 hours in raw milk and for 48
hours in pasteurized milk. At the levels uged, chlortetracycline was
the most effective.

Emard and Vaughn (6) reported that sorbic acid had been tested
as a growth inhibitor on 229 different cultures of bacteria, mold, yveasts
and actinomycetes. Under the conditions of the in vitro tests, it was

found that sorbic acid at concentrations of about 0.1 per cent of less



gselectively inhibited the growth of a large number of the cultures. Best
inhibition was found to occur when the pH of the medium was adjusted to
between 5 and 6.

1 (17 & 18) and Smith and Rollin (22) reported that

Melnick, et
sorbic acid efféctively inhibits mold growth on cheese when used in low
concentrations. Melnick and Luckmann (16) reported that sorbic acid
incorporated into the lining of cheese wrappers migrates from the
wrapper into the cheese. Smith and Rollin (23) stated that approximately
0.05 per cent.of the sorbic acid, based on the weight of cheese, is
often sufficient to give protection against mold, although concentrations
up to 0.1 percent may be used.

Deuel, et al (5) presented some toxicological data which in-
dicateQ that.éorbic acid is harmless to rats and to dogs when ihcorporated
in the diet to the extent of 5 per cent (moisture~free basis)sland that
it may be used with confidence in foods in concentrations required for

effective mold control.



EXPERIMENTAL METHODS

A. Hydrogen Ion Concentration Determinations

Two methods for the hydrogen ion concentration determinations
wefe emploved during the course of this study: The glass electrode
system used in conjunction with & Beckman pH meter and the quinhydrene
electrode system used in conjunction with a MacBeth pH meter.

The cottage cheese curd was prepared for analysis by mixing
it into a paste. This was found to be equal in accuracy to blending
the curd particles with a Waring Blendor and more accurate than detef=
minations en the curd particles.

I. Glass Electrode System

The curd particles weré mized into a paste using a heavy
glass stirring rod, and the determinations wer@'made‘by inserting the
electrode into the cheese.

IT. Quinhydrone Electrode System

The curd particles were mixed into a creamy paste using a
heavy glass stirring rod. When determinations were made on uncreamed
cottage cheese curd it was necessary to add distilled water to cobtain
the creamy consistency. About 0.1 gm of quinhydx@n@ was mixed into
the paste and distilled water, in am equal volume to thé volume of
éottage cheese curd gmpl@yed, was added. Then the determinations

were made by inserting the electrodes into the cheese.
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B, Oreancleptic Determinations

The samples ﬁere scored by an experienced dairy products judge,
who has had several years experience judging cottage cheese. The samples
were removed from the incubation cabinets, scored and replaced as rapidly
as pogsible to aveoid a warm up.

\



EXPERIMENTAL RESULTS AND DISCUSSION

A, Influence of aureomycin and of sorbic acid on shelf-life

In order to establish the approximate levels of tolerance of
cottage cheese spoilage organisms for various concentrations of sorbic
acid and/or aureomycin, preliminary tests were conducted in vitro. One

drop each of fresh cultures of Pgeudomonas fragi, Pseudomonas viscosa

and Alcaligenes metalcaligenes was inoculated individually into 10 ml

quantities of litmus milk to which was added various amounts of aureo-
myein and/or sorbic acid to give the concentrations of from O to 16 ppm
and from O to & 000 ppm (0.8%) respectively, incubated at 71°F. and
observed daily for evidence of changes. Additional trials were con-
ducted in which the milk was inoculated with yeasts and with molds and
in which sorbic acid in concentrastions of from O to &,0C0 ppm were ad-
ded to the milk., The mold sporss were suspended in sterile, bufféred’
distilled water and the yeasts were cultured in litmus milk and 1 drop
éf inoculum was used for each test. Thé molds used were: Penicillium
rogueforti and mold #1 (Aspergillus type). The yeasts used were:

Candids pseudotropicalis and Torulopsis sphaerica. From these tests it

was decided that aureomycin in the concentrations of from O to 6 ppm and
that sorbic acid in concentrations of from O to 600 ppm (0.06%) would be

used to determine their influences on the shelf: 1life of cottage cheese.

11



Series 1

In Series I the: trials were run using cottage cheese manu-
?actured in the OklAhoma State University dairy plant. Two lévels of
pHVand twp tempefatures of storage were employed to determine the in-
ﬁluepce of tbese»factors on the rate of deterioration. A 3000 gm portion
of fresh, unsalted dry cottage cheese ctrd was obtained and ground, using
a food grinder with sieve opening of 1/16 inch. Sterile equipment was
useq to avoid contamination. The sample was then weighed out in enamel
cupé in equal portions of 1500 gm each. To one sample portion was added
sufficient cold tap water to barely cover the curd. To the other sample
portion was added a mixture of cold tap water and NaQH (N/l) solution to
alter the pH value. It had been found in a preliminary experimentlthat
it would require 60 ml ‘of the NaOH gsolution to raise the pH approfimately
0.5 units on the 1500 gm sample, The samples were packed lightly to eli-
minate air pockets, packed in ieeQ covered, and stored overnight at 45°F,
After storage the samples were allowed to drain to remove the excess water.
A creaming mixture was prepared by mixing equal portions of whipping cream
(32% fat) and homogenized milk (3.5%fat). A 500 ml portion of the creaming
mixture was inoculated with 1 ml each of fresh cultures of Pseudomonas

fragli, Pseudomonas viscosa, and Alcaligenes metalcaligenes. A 320 ml por-

of the creaming mixture was inoculated with 1 ml of spore suspensions of

Pencillium rogueforti, and Mold #1 (Aspergillus type) and with 1 ml of

Candida pseudotropicalis.,

Then 26 ml portions of these creaming mixtures were poured into
sterile half-pint glass milk bottles, and various amounts of sorbic acid
and/or aureomycin were added to give the following concentrations: (1)

aureomycins 2, 4, and 6 ppm; and (2) sorbic acid: 200, 400, and 600 ppm;

12
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and (3) combinations of aureomycin and of sorbic acid in these same con-
g_entrationso “The creaming mixtures (26 ml ea@h) were added to 74 gm of the
drained cottage cheese curd contained in 4 oz. glass jars, stored for 1 hour
at 45°F, and the excess cream poured off. The creamed cheese was then dis-
4peﬁsed in equal portions into two petri plates and incubated at 50° and 70°F.
For trials 1 and 2 and at 45° and 55°F. for trial 3. The pH detefminations
were mads using the quinhydrone electrode. Tpe gamples were examined organo=-
leptic?lly aaily for evidence of deterioration. bThe results are shown in
Taple I.

~In the cottage cheese with a pH of 4.8, inoculated with bacteria
and stored at.SOOFo, the aureomycin added alone or in combination witﬁ sorbic
acid improved the keeping quality, as the appearance of the defects was de=
layed 2 days with 2 ppm and 3 days with 4 or £ ppm. When sorbic acid was
added alone there was no ihprovement in the keeping quality. In the cottage
cheese inoculated with yeasts and molds the addition of sorbic acid improved
the keeping quality, as the shelf 1life was increased 2 days with all 3 con-
centrations. In the cheese with a pH of 5.3, inoculated with bacteria 2 ppm
of aureomycin had no effect, while 4 and 6wppm delayed the appearance of de-
fects only 1 day. Sorbic acid added alone or in combination with aureomycin
improved the keeping quality at the higher levels, while a concentration of
200 ppm had no effect. In the cheese inoculated with yeasts and molds the
addition of sorbic acid improved the keeping qualit&? Concentrations of 200
and 400 ppm delayed the appearance of defects 2 days, while 600 ppm delayed-
it 3 days.

In the cottage cheese with a pH of 4.8 inoculated with bac-

teria and stored at 7OOF°” the addition of aureomycin and sorbic acid

alone or in combination only slightly improved the keeping guality.



TABLE I

INFLUENCE OF AUREOMYCIN AND SORBIC ACID ON THE KEEPING QUALITY OF CREAMED COTTAGE CHZESE

. Trial T . .
MATERIAL INCCULATED KEEPING QUALITY AT
ADDED WITH 50°F . : 70°F.
Aureo~ Sorbic Bact—- TYeast pH 4.8 PH 5.3 pH 4.8 pH 5.3
mycin Acid eria and :
ppIR opm Molds Days® Defects Days¥ Defects Days* Defects Days* Defects

- = + - L fruity, putrid 3 putrid; slimy 2 rancid, slimy 2 fruity, slimy
= - - + A yeasty,moldy 3 musty, slimy 2 musty, slimy 2 musty, slimy
2 - + - 6 putrid 3 slimy 2 putrid 2 fruity,slimy
L - + - 7 rancid p3 slimy 3 rancid 2 putrid, slimy
6 - + - 7 rancid 4 putrid, slimy 3 rancid 2 putrid, slimy
- 200 + - A fruity, slimy 3 putrid,slimy 2 rancid 3 musty, moldy
- 400 + - 4 fruity 5 fruity,slimy 3 musty, slimy 3 musty,moldy
- 600 + - L fruity 5 fruity, slimy 3 rancid’ 3 slimy
- 200 - + -6 rancid, musty 5 fruity,bitter 2 musty, moldy 2 musty, moldy
= 400 - + 6 fruity 5 fruity 2 fruity,moldy 2 musty, moldy
= 600 - + 6 T fruity 6 fruity 3 musty, moldy 2 musty, moldy
2 200 + - 6 putrid, rancid. 3 slimy 2 rancid. 2 unclean, slimy
4 400 + - 7 rancid 5 fruity 3 putrid, slimy 2 putrid; slimy
6 600 + - 7. 5 3 rancid, slimy 2 fruity, slimy

putrid, flimy

~# = days required for definite appearance of defect(s)

71



TABLE I {con't)

INFLUENCE OF AURECMYCIN AND SORBIC ACID O THE KEEPING QUALITY OF CREAMED COTTAGE CHEESE

Trial II .

MATERIAL INOCULATED KEEPING QUALITY AT .
ADDED WITH 50°F. _ 70°F ,

Aureo- Sorbic Bact- Yeast pH 4.8 pH 5.2 pH 4.8 pH 5.2

mycin Acid eria and : .

ppm pOm Molds _Days* Defects Dayg* Defegts Days¥ Befechs Daysg¥® .. Defects

- = + - 9 fruity A putrid;slimy 4 fruity,slimy 5§ musty
= - - + 4 yeasty 4 yeasty - 2 yeasty 2 fermented
2 - + = 12 fruity, musty 6 fruity,slimy 4 musty,moldy 3 putird, slimy
4 - + - 12 fruity 6 putrid, slimy 4 musty, moldy 3 putrid, slimy
6 - + - 12 musty 6 putrid, slimy 4 putrid,moldy 3 putrid, slimy
- 200 + - 6 putrid, slimy 6 fruity,slimy 6 putrid 6 putrid,moldy
- 400+ = 12 putrid, slimy 6 putrid, slimy 3 malty,unclean 2 putrid
- 600 + - 12 putrid, slimy 6 putrid, slimy = 3 malty 3 putrid, moldy
- 200 = + 6 yeasty 6 . yeasty 2 yeasty 2 yeasty
= 400 - + 6 yeasty 6 fruity 2 yeasty 2 yeasty
= 600 - + 6 yeasty 6 fruity 3 yeasty 3 yeasty
2 200 + - 12 fruity, slimy 6  putrid,slimy 6 musty, moldy 6 putrid
4 400+ - 15 putrid 6 putrid, slimy 6 fruity,moldy 3 putrid, slimy
6 600 + - 15 rancid 6 putrid, slimy 6 nusty, moldy s putrid, slimy

# = days required for definite appearance of defect(s)

6T



TABLE I (con't)

INFLUENCE OF AUREOMYCIN AND SCRBIC ACID ON THE KEEFPING QUALITY OF CREAMED COTTAGE CHEESE

Trial IT1 .
MATERIAL  INOCULATED . KEEPING- QUALITY
ADDED WITH 45°F. 55°F.
Aureo~ Sorbic Bact- Yeast PH 4.8 pH 5.4 pH 4.8 PH 5.4
mycin Acid eira and

PRI joyaiii} Molds Days® Defects Days* Defects Days¥ Defects Days¥ Defects

- = + - 5 fruity, slimy 5 putrid, slimy 5 rancid, slimy 5 unclean, slimy
- - - + 5 fruity, sliny 5 unclean, slimy 5 fruity,slimy 5 musty, slimy
2 - + - 7 fruity,slimy 6 putrid,slimy 5 fruity,slimy 5 fruity,slimy
A = + - 8 putrid 6 putrid, slimy 6 putrid; slimy 5 fruity, slimy
6 = + = 8 fruity,rancid 6 putrid, siimy 6 putrid, slimy 5§ putrid, siimy
- 200 = - 6 putrid, slimy 5 fruity,slimy 5 fruity,slimy 5 rancid, slimy
- 400+ - 6 rutrid, slimy 6 putrid,slimy 5 froity,;slimy 5 fruity,siimy
- 600 + - 6 putrid, slimy 6 putrid,slimy 5 fruity,slimy 5 fruity, slimy
- 200 = + 6 fruity, slimy 5 putrid, slimy 5 fruity,slimy 5 fruity,slimy
- 400 - + 6 fruity, slimy 5 fruity,slimy 5 fruity,slimy 5 fruity,slimy
- 600 - + 6 fruity, slimy 5 fruity,slimy 5 fruity,slimy 5 fruity, slimy
2 200 + - 7 fruity, slimy 6 putrid;slimy 5 putrid, slimy 5 putrid, slimy
4 400+ o 8 fruity 6 putrid; slimy 5 pubrid,;slimy 5 fruity,slimy
6 600  + - 8 rancid 6 putrid, slimy 6 sour, slimy 5

- putrid,; slimy

“# % days required for definite appearance of defect(s)

91
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“.Goncentrations of 4 or 6 ppm aureomycin and 400 or 600 ppn of sorbic acid,
alone orrin cpmbination delayed the appearance of defects only 1 day. In
the cheese inoculated with yeasts and molds sorbic acid in & concentration
of 600 ppm delayed the appearance of defects 1 day, but with 200 or 400
rpm there was no effect on the keeping quality. In the cheese with a pHi
of 5D3 inoculated with bacteria, the additiocn of aureomycin alone or in
combination with sorbic acid appeared to have no influence on the keepiﬁé
quality, while the addition of sorbic acid alone effected a very slighf
improvement in that the defects were delayed 1 day at all 3 concentrations.
In the cheesavinoculated with yeasts and molds the addition of sorbiec acid
had no influgnce on the keeping quality.

.Trial II was a repeat of Trial I, using cheese from a different
lot from the Oklahoma State University dairy plant.

In the cottage cheese with a pH of 4.8, inoculated with bacteria
and stored at SOOFQ, auréomycin improved the keeping quality, as the ap-
pearance of defects was delayed 3 days with all 3 concentrations, When
sorbic acid wyas added there was an improvement in keeping quality of the
cheese with 400 or 600 ppm added as the appearance of the defects was
deléyed 3 deys. With 200 ppm, the defécts were promoted rather than dem
layed, When a combination of aureomycin and sorbic acid was added there
was an imp}ovement in keeping quality, as the appearance of the defects
was delayed 6 days with the higher concentrations, and 3 deys with the
. lower concentration. In the cheese inoculated with yeasts and molds the
addition of gorbic acid slightly improved the keeping quality. The shelﬂf
" 1ife was increased 2 days with all 3 concentrations.

In the cottage cheese with a pH of-5°2, inoculated with bacteria

and stored at 50°F,, aureomycin and sorbic acid added alone or in combination
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slightly imprqyed the keeping quality, as the appearance of defects was de=
layed 2 days with all 3 concentrations. In the cheese inoculated with yeasts
and molds the addition of sorbic acid only slightly improved the keeping
quality. The shelﬁglife-w&s increased 2 days with all 3 concentration.

In the céttage cheess with a pH of 4.8, inoculated with bacteris,
and stored at 709FQ, aurecmycin had no effect on improving the keeping
quality. When sorbic acid was added thére appeared to be a detrimental
effect on the keeping quality, except with 200 ppm which delayed the
defects 2 days, Combinations of aureomycin and of sorbic acid ¢nly slightly
improved the keeping gquality, as the appearance of the'defects was delayed
2 days with all 3 concentrations. In the cheese inoculated with yeasts
gnd meolds the addition of sorbic acid has only a slight effect on im-
proving the keeping quality, as the appearance of defects was dslayed
1 day with 600 ppm, but with 200 or 400 ppm added there was no effect on
the keeping quality. In ﬁhe cottage cheese with a pH of 502,;inoculated
with bacteria the addition of aureomycin with all 3 concentrations pro-
moted rather than delayed the appearance of the defects. When sorbic
acid was added, a concentration of 200 ppm delayed the appearance of ?he
defects, while with 400 or 600 ppm the defects were promoted rather than
delayed. When combinations of aureomycin and sorbic acid were sdded, the
lower concentrations delayad the apgearance of defects 1 day, while the
defects were promoted rather than delayed with the two higher concentrations.
In the cheese inoculated with yeasts and molds the addition of sorbic
acid with all 3 concentrations promoted rather than delayed the appearance
of defects;

Trial III was a repeat of Trials T and II, using chegse from

a different lot from the Oklahoma State University dairy plant, except
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that storage temperatures of 45° and 55°F. were employed rather than -
50° and 70°F, |

_In the cottage cheese with a pH of 4.8, inoculated with bac-
Ferié and stored at 45°F., aursomycin added alone or in combination
with sprpic acid improved the keeping quality, as the appearance of de-
fects was delayed éhdays with 2 ppm and 3 days with 4 or 6 ppm. Sorbic
acid only slightly improved the keeping quélity, as the appeafance
of defects was delayed 1 day with all 3 concentrations. In the cottage
cheese inoculated with yeasts and molds the addition of sorbic acid:
only slightly improved the keeping quality. The shelig%ife was increased
1 day with all 3 concentrations. In the cheese with aﬁpH of 5.4, in-
oculatéd with bacteria, aureomycin and sorbic acid added aloné or in
gpmbination only slightly improved the keeping gquality, as the ap~
pearance of the defects was delayed 1 day with all concentrations. In
the cottage cheese inoculated with yeasts and molds the addition of
sorbic écid had no effect on improving the keeping quality.

In the cottage cheese inoculated with bacteria, with a pH of
4.8 and stored at SSOFOS the addition of aureomycin only slightly im-
proved the keeping quality, as the appearance of defects was delayed 1
day with 4 or 6 ppm, but with 2 ppm there was no effect. Sorbic
acid had no effect on improving the keeping quality. When combinations
of the compounds were added, a concentration of 6 ppm of aureomycin
and of 600 ppm of sorbic acid only slightly improved the keeping quality,
as the appearance of defects was delayed 1 day, but at the two lower
concentrations there was no effect. In the cottage cheese storéd at
55 . the addition of the antibiotic or antimyotie, in concentrations
employéds there appeared to be no effect on improving the keeping qual-

ity of either bacterial or yeasts and molds inoculated cottage cheese.
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The temperature of storage and the pH of cottage cheese ap-
peared to have a marked influence on the types of defects that de~
veloped during storage. At the lower pH level (4.8) and lower storage
temperatures (45° to 50°F.) the most common defects that developed
were the flavor defects characterized as fruity and putrid, with a
slimy defect appearing intermittently, while at high;r storage tem-

ﬁeratures (55° to 71°F) the most common defects weére fruity, putrid

‘ and rancid, with a slimy defect appearing at a higher rate than at a

pH of 4.8,

At the higher pH levels (5.2 to 5.4) and at storage tem-

,peratures.of 45° to 70°F., the most common defects were fruity, putrid,

rancid agd moldy with a slimy defect appearing at a much higher rate
than st & pH of 4.8.

" From the results presented above it may be concluded that
aureomycin in concentrations of from 4 to 6 ppm was generally effective
in delaying the appearance of bacterial defects in cottage cheese in
which the pH was relatively low (4.8) and at storage temperatures of
45° to 55°F, At higher pH levels, (approximately 5.3) and at higher
storage temperatures (70°F) the aureomycin had only a slight effect
in de;aying the appearance of bacterial defects.

Sorbic acid in concentrations of from 200 to 600 ﬁpm was
generally effective in delaying the appearance ‘of defects due to
bacteriahand to yeasts and molds: in cottage cheese in which the pH
was relativ;ly low (4.8) and storage temperatures of 45° to 5590,
However, the sorbic acid was not generally as effective in cohtrol-
wiing bacterial defects as was the aureomycin., At higher pH levels,

(approximately 5;3) and at higher storage temperatures (70°F.) the



21

sorbic acid had only a slight. effeect, if any, on delaying the defects
due to either bacteria or yeasﬁs and molds.

Combinations of aureomycin and sorbic acid, in the concentrations
employed, had the same general effect in controlling the bacterial de-
fects as did aureomycin, indicating that the improvement in the keeping
ﬁuality was largely due to the aureomycin.

Different temperatures of storage were employed in this ex-
periment in an'attempt to establish whether a storage temperatuﬁe of
700F. could be used to predict the development of defects which would
likely occur in cottags cheese held at temperatures normally employed
in the usual merchandising channeis (45° to 55°F,) The results in-
dicated that the use of & storage temperature of 70°F. was unreliable
in predicting the keeping quality of cottage cheese.

Series 1L

In Series II the influence of adding aureomycin and/or sorbic
acid Qﬁ/the keeping quality of cottage cheese was determined on 26 com=-
mercial samples, representing 20 déiry plants in Oklahoma. The samples
used Qere obtained from cottage cheese submitted to the Oklahoma State
University dairy department for a cottage cheese scoring c¢linic., Samples
from each lot were removed for analysis, using sterile equipment.

, Froﬁ each lot a sample of sufficient size was obtained and
submitted to various treatments. The following treatments were used:
| 1. No treatment (controls)
2. 10 ppm aureomycin added
3. 500 ppm sorbic acid added
4. 10 ppm aureomycin pixs 500 ppm sorbic acid added
x§rom each lot and each treatment 50 gm portions were dispensed
into each of 2 sterile petriﬂplates; one was stored at ASQFO and the other
at 55°F., and observed organoleptically daily for a 12 day test period for

evidence of deterioration.
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_ With the aureomycin and sorbic acid solutions, & few drops of
methylene blue were pdded to impart avaistinct blue color. After adding
these compounds,.theicottage cheese was stirred until a unifsrm blue
color was effected, which was an indication of uniform distribution of
the compounds used.

The hydrogen ion doncentrations were determined using the
qﬁinhydrone electrode in conjunction with the MacBeth pH meter. The
results are shown in Tablg I1.

‘ There were conside?able variations in the keeping quality of
the control samples. At 45°F. the shelf 1ife ranged from 3 to 12 days,
with 13 or 50% of the samples keeping fo? 12 days or longer. The
defects appeared more rapidly at 55°F., as the shelf life ranged from
1 to 7 days, with 4 or 19% of the samples--keeping-for 7 days. It -
must be kept in mind that there were probably considerable differences
in the ages of these samples when they were submitted. The most com=
mon defects at 45C°F. were fruity, putrid and slimy, while at 55°F., they
were fruity, slimy and sour.

At 45CF, the addition of 10 ppm of aursomycin apparently did
not improve the keeping quality, because in 7 of the samples there was
aﬁ improvement; while in 7 other samples it appsared to be detrimental
and in the remaining 12 samples there was no effect on improving the
keeping quality. The added aureomycin appearad to favor the develop-

" ment bf a fruity defect, because in 6 samples this defect developed
in the cheese with the aureomycin added, whereas, it was not apparent
in the control samples.

With the additien of 500 ppm of sorbic acid there appeared

to be little influence on the keeping quality of the cottage cheese stored



TABLE II

INFLUENCE OF AUREOMYCIN AND SORBIC ACID ON THE KEEPING QUALITY OF CREAMED COTTAGE CHEESE

Series II-~Commercial Samples Stored at 45°F

500 ppm SORBIC ACID 10 ppm AUREOMYGIN

CONTROL 10 ppm AURECMYCIN
AND
00 ppm SORBIC ACID
SAMPLE R I

No —DH Daya¥ Defects Daya* Defects . Days# Dafect. S Days¥ Defects . .
1 5,05 12 vinegar 19 vinegar 12 12
24 4,95 12 12 12 12
2B 5.05 12 12 : 12 12
3 5.30 5 fruity,slimy 3 fruity 5 fruity, slimy 5 fruity, slimy
A 5.15 9 putrid 12 12 ‘ 12
5 4295 12 12 fruity 12 fruity 12 fruity
6 5.15 5 malty 12 malty 12 12
7 5.15 5 fruity 5 fruity 9 fruity,putrid 9 fruity
8 5.15 3 malty 3 malty 12 . 12
9 bo95 12 9 fruity 12 : 12
10 5.15 5 putrid 9 fruity, putrid 9 fruity 9 putrid
11 5,15 9 fruity 12 9 unclean 9 unclean
12 5,05 12 12 9 unclean 9 unclean
134 5.05 12 9 fruity 9 unclean 12
13B 4.95 12 9 fruity S 12 12
144 5.05 iz 12 9 metallic.,unclean 12
1B 4.95 12 12 12 - 12
15 5,05 12 12 12 12
i 5.25 3 fruity,slimy 5 putrid, slimy 5 fruity,putrid 5 fruity
17A 5,15 12 7 fruity 9 " unclean 9 unclean -
17B 5.15 5 putrid, slimy 5 putrid, slimy 5 fruity- 5 frufty, s¥imy
18A 5.25 5 fruity,putrid 5 fruity, putrid 5 fruity, slimy 5 fruity
18B 5,30 5 fruity,slimy 9 fruity, slimy 7 fruity 9 putrid, slimy
19A 5,15 5 fruity 9 fruity 9 yeasty 12
198 5.15 12 : 12 9 fruity 9 fruity
20 5.15 7 unclean .5 unclean 9 unclean

9 metallig,mclean

% = days required for definite appearance of defect(s)

14



TABLE II (con't)

INFLUENCE OF AURECMYCIN AND SORBIC ACID OF THE KEEPING QUALITY OF CREAMED COTTAGE CHEESE

I Series II--Commercial Samples Stored at 55°F,
CONTROL 10 -ppm AURECMYCIN 5500 ppm SORBIC ACID 10 ppm AUREOMYCIN
) : AND
500 ppm SORBIC ACID
SAMPLE - S
No, pH Days* Defects Days* Defects -Days¥® Defects. Days* __ Defects
1 4,05 4 fruity A fruity A unclean 5 fruity
24 495 4 fruity 4 fruity 4 musty L musty
2B 5.05 A fruity 4 fruity, moldy 4 putrid, slimy 7 fruity
3 5.30 1 fruity, slimy 3 musty, slimy 3 fruity, slimy 3 fruity
4 5.15 5 fruity 5 fermented 5 unclean 7 fruity
5 4.95 7 fruity L fruity,moldy L fruity 4 musty, fruity
6 5.15 3 malty 3 malty L musty, moldy 5 fruity
7 5.15 4 fruity, slimy 3 fruity 4 fruity, slimy 4 fruity,slimy
8 5.15 A unclean 5 unclean, slimy 4 fruity 7 unclean
9 495 5 fruity, moldy 4 fruity,moldy 4 fruity 4 fruity
10 5.15 3 fruity, slimy 4 fruity,slimy 3 fruity 4 putrid
11 5.15 5 fruity, slimy 4 fruity, slimy 4 fruity,slimy 4 fruity
12 5.05 5 musty, moldy 3 unclean A musty, moldy A malty, moldy
134 5.05 7 fruity VA fruity 4 unclean 4 fruity
1i3B 495 5 unclean A fruity 4 fruity A fruity
1A 5.05 A sour 4 sour A sour 4 sour
14B 4o95 7 unclean 5 unclean 5 metallie: 5 netalliec
15 5.05 7 fruity 5 fruity 5 fruity 5 fruity
16 5.25 3 fruity, slimy 3 fruity 3 fruity 3 fruity
174 5,15 5 pubrid, slimy A putrid 4 fruity 4 putrid
178 5,15 3 fruity,slimy 3 fruity 3 fruity 3 fruity
184 5.25 3 fruity, slimy 3 fruity 3 fruity, slimy 3 fruity, slimy
18B 5.30 4 fruity, slimy 4 fruity,slimy 4 fruity, slimy L fruity, slimy
194 5.15 3 malty 4 yeasty A malty 7 yeasty
198 5,15 4 sour 4 fruity A fruity A fruity
20 5.15 3 sour 3 3 sour, unclean 3 sour, unclean

sour, unclean

% = days required for definite appearance of defect(s)

72
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whereas, it appeared to be detrimental to the keeping‘qualityﬁip 5
samples and in the remaining 12 sampleg it appeared to have no effe¢t
on the keeping quality. The addition of sorbic acld appeared to favor
a defect characterized as unclean for this defect was rather common
when the sorbic acid was added, whereas, it was not apparent in the
control samples.

The combination of 10 ppm of aureomycin and 500 ppm of sqrbic
acid appeared to bg more effective in improving the keeping quality
than either of the 2 compounds used alone, although the improvement was
not strikingo In 9 of the samples‘ﬁhere was improvemep% in the keeping
quality due to the action of the combination of the 2 compounds, while
in 3 samples they appeared to promote the defects, and in the re-
maining 14 samples the combination of these 2 compounds appeared to
have no effect.

At 55C0F, the addition of 10 ppm of aureomycin had a detri-
mental effect on the keeping quality, because in only 4 samples did,it‘
appear to improve the keeping quality, while in 10 samples it appeared
to be detrimental, and there was no effect on the keeping guality of
the remaining 12 samples. The added aureomycin appeared to favor the
development of a fruity defect, as it did at 45°F., although here the
defect did appear in the control samples, but not as rapidly as it did
when the aureomycin was added,

The addition of 500 ppm of sorbic acid appeared to have a detri-
mental effect on the keeping quality because in only 3 samples did it
appear to improve the keeping quality, while in 9 samples it appeared

to be detrimental to the keeping quality, and in the remaining 1/ samples

v
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it had no effect. It appeared that at this temperature an unclean flavor-
was less common than at A5°F,

The combination of 10 ppm of aursomycin and 500 ppm of sorbic
acid was more effective in improving the keeping quality than“either of
the 2 compounds used alone, although the improvement was not striking.
In 8 of the gamples there appeared to be an improvement in the keeping
quality, while in 9 samples the combination of these 2 compounds ap~-
peared to Ee detrimental, and in the remaining 9 samples there was
no effect on the keeping quality.

From the results presented above with the cottage cheese
gtored at 45°F°9the added aureomycin in the concentrations employed
had no effect on the keeping quality while sorbic acid had only a
slight effect. A combination of aureomycin and sorbic acid added
to the cheese appeared to be more effective in improving the keeping
quality than either of the 2 compounds empioyed alone, although the
improvement was not striking. At 55°F. the added aureomycin and sorbic
acid used individually appeared to be detrimental to the shelfilifeg
but a combination of the compounds effected a slight improvemeﬁt on
the keeping quality. It appeared that the improvement effected was
1argély due to the action of the added sorbic acid.

It could be concluded that if the pH of the cottage cheese
is maintained below 5.05, and a good sanitation program is cafried on
while working with the cheese; the addition of aureomycin and of sorbie
acid, individually or in combination would result in only a slight. im-
pramgmﬁnﬁ;fif;am@}in the keeping quality. |

_ The 26 commé}ical samples were grouped according to various

pH levels dand the avérage shelfglife'ﬁas‘égl@ulﬁtedgﬁ:ﬂh@ééﬁdatdgar@ugé
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- shown in Teble III., The temperature of storage and the pH of the creamed

cottage chsese have a marked influence on the shelf%life,»beeause as the

storage temperature and pH increase the shelfiflife is shortened.

It may be noted that the average shei #1ife, regardless of pH
values or treatment of the samples was considerably longer for the cheese
stored at L5°F. as compared to the cheese stored at 550F, These dif=
ferences were especially great at the lower pH levels,

The striking influence of pH on the keeping quality of cottage
cheese is illustrated by the daté on the samples stored at 45°F. It
may be noted that in the cheese with pH values of 5.14 or lower all
of the control samples kept for 12 days or longer and the treated sam-
ples kept for 10.5 days or longer; ﬁhereasg with those samples with
pH values of 5.15 or higher the shelf life was' considerably shorter.

In thé cheese samples stored at 55°F. the pH levels appeared to have
only a relatively slight influence on the keeping quality, although in

general, the cheese with pH's in the lower ranges kept better than

those at the higher levels,



28

TABLE III

INFIUENGE oF AUREOMYCIN AND SORBIC ACID ON KEEPING
e e i WUALITY._OF COMMERGTAL CQTTAGE CHEESE

'pH No. of" AVERAGE SHELF-LIFE (26 SAMPLES) IN DAYS
range  Samples 45 °p, 5598,

. Co*  AK TTTEAN  COM* % AW TTEA® GOMH
4.95=5.04. 5 12,0 10.8 12,0  12.0 3.8 4.2 4.2 o2
500‘5"5014 6 1200 lloo 1005 11 5 502 300 3 2 408
5015“5024 ll ~17°U 803 905 907‘ 308 308 358 Z],o’?
5025" 4 Zpos Soo 6-0 AoA 2»8 303 303 303

G, #mme=Control

A #eew—Aureomycin
SA, ¥eew=Sorbic Acid
COM, #¥~—==Combination



B, Influence of pH on Shelf life

In order to deﬁermine the influence of pH on the shelffiife
of cottage cheese variations were made in (1) titratable acidities of
the whey at the time of cutting curd, {(2) pH of the creaming mixture,
and (3) pH of the wash water.

(1). Variations in acidity of whey at time of cutting curd.

Four small lots were made as follows: a 60 pound lot of fresh skim
milk was weighed out into a steamed 10 gallon milk can and pasteurized
at 143°F, for 30 minutes by partially immersing the can in an insuvlated
water bath normally used for pasteurizing milk for bulk culturés.
After pasteurizing, the milk was cooled to 90°F. Five per cent of a
fresh, active lactic culture was added and 15 pound quantities of
the inoculated milk were weighed out into sterile, sguare, stainless
steel containers, (&} in. by &} in. by &% in.). The short time
procedure for cottage cheese was followed with the ccagulator being
added 1 hour after setting.

The titratable acidities were run every half-hour to main-
tain a,constant gheck on the development of acid. The curd was cut
at whey acidities of 0.49, 0.52, 0.55 and 0.57% respectively, using a
3/8 inch knife. The curd was then cooked by elevating the temperature
from 90°F. to 120°F in 1 hour, held ' at this temperature for 15 minutes
and the whey then drained off. The cottage cheese curd was washed
with cold tap water, with a holding period of 15 minutes. The cheese
was washed a second time with water at ASOFn which had been inoculated

with 10 m1 each of fresh cultures of Pseudomonas fragi, Pseudomonas

viscogsa and Alcaligenes metalcaligenes. After draining, 200 gr from.

29
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each lot were weighed out, creamed with 70 gm of dressing, dispehsed in
approximately 50 gm portions into each of 3 sterile petri plates, and
inecubated at 4509 550 and 710Fa The pH of the fresh uncreamed and
creamed cottage cheese was determined using both the glass, and guirhy-
d:one.electrodeso Each sample was examined organoleptically daily for-
evidence of deterioration. The results are shown in Table IV.

Thewfgsults indicate, in general, that as the titratable acidity
of the wﬁey a;“the time of cutting increased, the shelf?life,of the
creamed cottage cheese was lengthened. At a storage temperature of 45°F,
the defects appeared in the cheese in 5 days when the cheese was cut at
a relatively low whey acidity (0.49%), while they appeared in 9 days
when cut at a relatively high acidity (0057%)9 although there was a
discrepancy between the shelf 1ife of the cheese cut at an agidity of
0;52% and that cut at 0.55%. The cheese cut at an acidity of 0.52%
showed a 2 day longer shelf life than that cut at 0.55%.

At a storage temperature of 55°F. the defects appeared in 4‘,
days in the cheese cut at a whey acidity of QOAQ%y while they ap-
peared in 8 days in the cheese cut at an acidity of 0.57%. |

At a storage temperature of 71°F. the defects appeared in 3

_days in the cheese cut at a whey acidity of 0.49%, while they appeared

in 5 days in the cheese cut at an acidity of 0.57%.
It was noted that the temperature of storage had an influence
on the keeping quality, for as the temperature of storage increased

the shelf 1ife was shortened considerably. It was also noted that the

whey acidity at cutting had a greater influence on the keeping quality

at a storage temperature of 45°F. than it did at 71°F. At a storage

temperature of ASOFO the shelf life of the cheese was lengthened 4
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TABLE IV

INFLUENCE OF ACIDITY AT TIME OF CUTTING ON THE KEEPING QUALITY OF CREAMED COTTAGE CHEESE

GLASS

o QUINHYDRONE
£ ELECTRODE @ ELECTRODE SHELF LIFE AT
= g A o 2 A '
mE 5 B ]
o © © g ©
B A A = o :
B 2 2 5 2 o o
Sy 2 3 5§ 2 45°F, 55 F, 71 F,
wr 8% F B 5 B |
NO » Days* Defects Days# Defects Days#* Defects
1 0.49 2.95 5.30 4.90 5.25 5 fruity 4 fruity 3 fruity
2 0.52 4.80 5.20 4.75 5.15 7 - fruity .5 05 fruity 4 fruity
3 0.55 4.80 5.20 4.75 5.15 5 fruity 5 fruity 4 fruity
4 0.57 4.70 5.10 4.65 5.05 9 fruity 8 fruity 5 yeasty. . .

#* = days required for definite appearance of defect(s)

1
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days when the cheese was cut at a whey acidity of 0.57% over the cheese
cut at an acidity of 0049%9 while this difference was only 2 days when
the cheese was stored at 71°F.,

Both. the quinhydrgne and the glass elactrodes were used in
making the pH measurements. The results showed that the-glass electrode
generally gave readings 0005 units higher than the quinhydrone’electrode.
This small difference indicates that either electrode could be used

successfully with cottage cheese.



2, Variations in pH of creaming mixtures

Sinmce the results of the previous trial indicated that the
acidity at the tiy@ of cutting had a marked influence on the finished
cheese, it appeared that the QH of the creaming mixture would have a
marked influence on the keeping quality of the creamed cottage cheese.
Accordingly, trials were conducted in which the cheese was creamed
with creaming mixtures at various pH levels. In general the procedure
was as follows: freshly pasteurized cream was obtained and a portion
removed and iced immediately, the remaining cream was then inoculated
with 5% of an &ctiv@ lactic culture and incubated at QQOF, Deter=
minations of pH were made at intervals and samples were removed when
certain pH levels were attained, and iced immediately. Cottage
cheese curd was creamed with the varieus creaming mixtures, dispensed
inte each of 3 sterile petri plates, and incubated at 45@9 55@ and 71©F°
Each sample wag examined organoleptically daily for evidence of deterio-~
ration for a 14 day peried. The hydrogen ion concentrations were
determined with the glase electrede.

In trial I the cheese curd was obtained from the Oklahoma State
University dairy plant, and the creaming mixture was prepared by mixing
together equal portions of whipping cream (32% fat) and milk (3.5% fat)
obtained from the same gource., In this trial a portion of the @r@aming
mixture was inoculated with 0.5 ml each of fresh cultures of Pseudomomas

fragi, Pseudomonas viscosa and Alcaligenes metalcaligenes.

In trials II through V the cheese curd was obtained from the
Payne County Cooperative Dairy Plant. The creaming mixture was prepared from
coffee cresm and milk from the same source, and mixed together
ko give a 12% fat mixture, For these trials (II thru V)

33
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sufficient creaming mixture was prepared for use in all trials so that
the differences among the different lots would be the cheese curd used.
The creaming mixture was not inoculated with spoilage organisms. The
creaming mixture was kept iced during the several days it was stored
to eliminate deterioration and’changes in pPH due to bacterial growth.

The results are shown in Table V.

In trial I, the cheese creamed with the untreated cream with
a pH of 5.3 spoiled rather rapidly as only 3 days were required for de-
fects to develop at either A5°, 559, or 71°F., while that with lactic
culture added and ripened to different pH levels was held 12 to l4
days or more at 45°F., and & to 10 days at 55°F. before distinct apoil;

_age occurred. At 71%F:, all the cheese had distinct defects in 3 days; -
regardless of pH. It should be noted that there were no great-dif—
ferences in length of shelf life with the cheese creamed with lactic
culture added to the creaming mixture, despite the fact that the pH 3
levels ranged from 5.25 to 5.10. Presumably, the improvement in keeping
quality was largely due to the restraining effect of the lactic cul-
turs on the spoilage organisms.

In trial I, the cheese creamed with the creaming mixture which
was inécﬁlated with spoilage organisms spoiled more rapidly than those
discussed above. The cheese creamed with a creaming mixture without
lactic culture added developed a distinct defect in 3 days at L5°F.,
storage, in 4 days at 55°F., and in 2 days at 71°F. With lactic
culture added the shelf life was 8 to 10 days at 45°F. and 4 to 9 days
at 55°F., All the samples stored at 71°F. spoiled in 2 days, regard-
less of pH level. In general, as the pH levels of the creaming mixture

used became lower, the shelf life increased, and the influence of pH
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. TABLE V

INFLUENGE OF pH OF CREAMING MIXTURES ON THE KEEPING QUALITY OF CREAMED
COTTAGE CHEESE | |

TRIAL I
T INOCULATED o
" pH of | KEEPING QUALITY AT - .
CREAM  CREAMED 45°F, | 550f, - 71fF,
MIXT. CHEESE Days¥  Defects Days? » Defects Days¥ »§efegtéT
 INOGULATED IR T |
6.7 5.30 3 fruity 4 fruity 2 fruity
6.2 5,25 8 fruity 4 - - fruity 2 fruity
5.6 5.20 10 fruity,rancid 5 fruity 2 - fruity
5.1 5.15 10 fruity =~ 9 putrid 2 fruity
L6 5.10 10 rancid 9 putrid 2 fruity
NOT INOGULATED
6.7 5.30 3 fruity 3 musty 3 putrid
6.2 5,25 12 musty 8 mysty 3 fruity,putrid
5.6 5.20 14 msty 8 fruity 3 musty
5.1 5.15 - 14 musty 10 pubrid 3 must]
L6 5.10 14 musty . 10 putrid 3 must

¥iDays required for definite appearance of defact(s)



TABLE V (con’t)

INFLUENCE OF pH OF CREAMING MIXTURES ON THE KEEPING QUALITY OF CREAMED
COTTAGE CHELSE

"7 pH of ' KEEPING QUALITY AT o
CREAM. CREAMED L5OF, 55CF, 71L°F.
MIXT. CHEESE Days® Derects Days® Detects  Days¥ _ Defects
o Co TRIAL II
6.7 5.30 4~ fruity 3 fruity 3 putrid
6.05 5,25 10 fruity,putrid 8 putrid 4 musty
5.5 5.20 12 musty 8 putrid 3 musty
4,95 5.15 12 musty 9 fruity b musty
4.5 510 14 musty 8 putrid 3 musty
TRIAL ITI
6.7 5.30 4 fruity 3 fruity 3 fruity,putrid
6.05 5.25 10 musty 8 musty 4 fruity
5.5 5,20 10 musty 10 musty 6 putrid
4,95 5.15 12 unclean 10 rancid 6 putrid, musty
4ob 5.10 13  fermented 10 unclean,musty 6 musty
TRIAL IV !
6.7 5,30 4 frulty 4 fruity,putrid 2 fruity
6,05 5025 6 fruity 7 fruity 3 fruity
5.5 5.20 11 musty 8 putrid, musty 6 putrid
4.95 5.15 11 musty 9 fruity 6 .. putrid
Lo5 5.10 12 unclean 9 putrid,musty 6 putrid
B | TRIAL V
6.7, - 5,30 2 fruity 1 - fruity 1 fruity
6,05 5,25 9 wunclean,musty 6 - musty 4 " musty
5.5 5.20 10 musty 8 musty 4 - - musty
4.95 5.15 10 musty 9 musty 4 pubrid, musty
45 5.10 11 fruity 9 musty 4 putrid
AVERAGES OF TRIALS II TO V INCLUSIVE®¥ -
6.7 5.30 3,50 fruity 2.75 fruity 2.25 fruity,putrid
6.05 5.25 8,75 fruity,musty 7.25 putrid,musty 3.75 fruity,musty
5.5 5,20 10.75 musty 8,50 putrid,musty 4.75 putrid,musty
4095 5,20 11,25 musty 9.25 fruity 5.00 putrid, musty
4ob 5.10  12.50 fruity,musty 9.00 putrid,musty 4.75 putrid,musty

= Days required for appearance of definite defect(s)
##w-The defects listed in the averages are the dominant defects
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vas more evident ab 45°F. than at 55°F, Tt is probable thet the increase
in length of shelf 1ifs was due in part to the doninating effect of the
lactic culture on the flora of the cheess. However, since the lactic or-
genisms do not gr@w at ABOFO the increase in shelf 1ife must have been
largely due to the lowering of the pi.

In trial II to V inclusive, the cheese creamed with the un-
tregt?d cream with a pH of 5.3 spoiled rather rapidly as only én aﬁe—
rage of 3,50, 2.75, and 2.25 days were required for defects to develop
at 4509 559, and 71°F09 respectively, while that creamed with cream
with lactic culture added and ripened to different pH levels kept for
cpnsiderably lohger periods., In general, és the pH levels of the creaming
mixtures used became lower, the shelf life increased, and the influence.
of pH was more evident at A5°F than at 55° or 71°F, Thgkavarage mexi=
mun shelf 1ife of the cheese stored at 450Fo was 12.5 da&s-in the cheese
with a pH of 5,10, while at 55, it was 9.25 days with a pH of 5.15
and at 71°F. it was 5 days with & pH of 5.15. Since the lactic or-
ganisms do not grow at 45°F. the increase in shelf life at thiS‘étorage
temperature must have been largely due to the lowering of the pi, while_
at the higher storage temperatures the increase in shelf 1ife was pPro=
bably due in part to the restraining effect of the lactic cplture on
the spoilage organisms in the cheese. ‘ : .

Table V showa’ that the additfon of 'the lactis:culbure to: - o
the creaming mixture and ripened to the different pH levels influenced
the type of defects thét were dominant, In the cheese creamed with the
untreated cream the dominant defects were fruitineésy while that creamed
with the cultured cream the dominant defects were unclean, musty and

putrid, It should be pointed out that the musty and putrid defeets
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appeared to be largely due to mold growth since molds grow well at the
pH levels found in the cheese in these trials,

The general results that were obtained by adding culture to the
creaming mixture indicate that such a practice results in & considerable

improvement on the shelf 1ife;, especially at the lower storage temperatures,



3, Variations in pH of wash water

Sincs the results of the previous trials indicated that the
acidity at the time of cutting, and the pH of the creaﬁing mixtures .
had a marked influence on the finished cheese, it appeared that the
pH Qf the wash waters would logically have an influence on the keeping
quality of the finished product, Accordinglyﬁ trials were conducted
in which the cheese was washed with water at various pH levels.
In general, the procedurs was as fGIIOWS: cold tap water was placed
in sterile flasks, to which was added 5 ppm of chloring_;I A por- ‘
tion was cooled immediately, and tb other portions were added enough
citrig acid or NaOH to lower or to raise the pH to predetermined levels.
The lots of‘tfeated wash water were cooled immediatsly in covered
flasks and stored overnight at /+50Fc Cottage cheese curd was divided
into several portions and each was washed twice with water at a cer-
tain pH level with the water remaining on the cheese for 15 minutes.
After draining, the cheese was creamed; dispensed into each of 3
sterile petri plates and incubated at 45°, 55°, and 71°F. A sample
from each freshly washed cheese sample was removed beforebcreaming
and the pH and titratable acidities were deﬂerminedg The.acidities
were determined in the following manner: The samples to be titrated
were first blended to a semiu§oiid (pouring) consistency using a Waring
Blendor. 4 9 gm sample‘was weighad out in duplicate on a Torsion
butter balance, 8 to 10 drops of 1.0% phenolphthalein solution added
‘and ‘the samples titrated with 0.1 NaCH to the first definite pink
color whicH remained for 10 to 15 seconds. The results were expressed

in terms of per'ceht by weight of lactic acid., The hydrogen ion
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concentrations were made using the quinhydrone electrode. Each sample

was examined organoleptically daily for evidence of deterioration,

In trial I the cheese curd was obtained from the Oklahoma State
University dairy plant, and washed with water that was treated with
citric acid to produce changes in the pH. The creaming mixtures were
not inoculated with the spoilage organisms. Trial II was a repeat of
trial I,using a different lot of cheese from the Oklahoma State
University dairy plant, and both citric acid and NaOH were used to
produce pH values lower and higher, respectively, than the pH of the
tap water.

The results of these trials are shown in Table VI.

The results of these trials indicate that the pH of the wash
water has no influence on the pH of the cheese curd, or finished cheese,
for regardless of the pH of the wash water the pH of the chesse was
the same. It is noted that there were some variations in the acidity
values, as they ranged from 11.7 te 12.5 in trial I and from 12.1 to
13.1 in trial II. It was alse noted that as the temperature of stor-
age increased the shelf life was shortened considerably. At QSOFD the
shelf life ranged from 13 to 15 days, with am average of 14.0 days:
at SSGFo it ranged from 7 to 1l days, with an aversge of 9.14 days;
and at 719Ea it ranged from 6 to 9 days, with an average of 8.14 days.
These results indicate that storage temperature has a much greater influe
ence on the shelf life of cottage cheese than does the pH of the wash water.

In these trials the most dominant defects were musty and putrid,
with rancidity appearing in trial I enly. It should be pointed out that
the musty and putrid defects appeared to be largely dve to mold growth,

since molds grow well at the pH level found im the cheesse in these trials.



TABLE VI

INFLUENCEvOF pH OF WASH WATER ON THE KEEPING QUALITY OF CREAMED COTTAGE CHEESE

oH of | KEEPING QUALITY AT
CURD.- CREAMED ACIDITY 45O 550F. 71F

CHEESE  VALUESH*#* Days# Nefects Days®  Defects Days#* Defects

TRIAL I '
5.0 5.25 12.5 14 putrid 8 putrid, musty 9 musty
5.0 5,25 11.8 15 putrid; musty 7 putrid, rancid 9 misty
5.0 5.25 11.7 13  putrid, musty 8 putrid, rancid 6 musty
TRIAL II
5,0 5.25 12.1 14 musty 11 ¢ musty 9 musty
5.0 5.25 12.8 1 10 = musty 9 musty
5.0 5.25 12.6 14 10 sour 8 musty
5.0 5.25 7 musty

13.1 14 10 musty

%ﬁ‘a?nays required for definite appearance of defect(s)
=ML of N: VaOH required to neutralize a 9 gm sample
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The general results indicate that if the chsese is handled under
sanitasry conditions and stored at a relatively low temperature (45°F.)

the pH of the wash water will not be a major factor in the keepihg quality.



€. Influence of Modification of the Creaming Mixmture

Since the results of the previous trails indicated that the
titratable acidity of the whey at the time of cutting the curd, and
that lactic culture added te the creaming mixtures had marked influ-
ences on the keeping quality of the creamed cottage cheese, it was
decided to determine if the keeping quality of the creamed cottage
cheese could be impr@ved-by modifying the pH of the creaming mixtures
by adding citric acid and by adding various amounts of lactic cultures.

1, Adding Citric Acid

Two trials were cenducted te determime the influence of
adding citric acid to the creaming mixtures on the keeping quality of
cottage cheese. The procedure was as follows: the creaming mixture
was prepared by mixing together equal portions of whipping cream
(327 fat) and milk (3.5% fat) and inocculating with 1 ml each of frash

cultures of Pseudomonas fragi, Pseydomonas vigcosa and Alcaligenes

metalcaligenes., The creaming mixture was divided inte 5 portiomns.

One portion was iced immediately, and to the other 4 portions citrie
acid wag added to lower the pH to predetermined values. These samples
were iced immediately. Sufficient creaming mixtures were prepared for
both trials and were kept iced until uvsed to prevent microbial deterio-
ration.

Cottage cheese curd, that had been stored in brine, was
obtained from the Oklahoma State University dairy plant and pertions
were creamed with the various creaming mixtures. Each sample was
then dispensed into 3 sterile petri plates and incubated at 45%, 55@3

o
and 71 P. respectively. BEach sample was examined daily for evidence

43



44

of deterioration. The hydregen ion concentrations were determined using
the glass electrede. The results are shown in Table VII.

The results, in general, indicate that as the pH of the creaming
mixtures were lowered, and consequently the pH of the creamed cottage
cheese also lowered, the shelf life was lengthened comsiderably. At a
storage temperature of @50F°3 the cheese cresmed with untreated cream
with a pH of 5.30, spoiled rather rapidly as only 3 days were required
for defects to develep, while with the cheese creamed with cream‘ﬁreat@d
with-citric acid, with a pH of 5.15 or leower, 10 days were required for
defects to appear; at a storage temperature of SSQF° the cheese craamed
with untreated cream spoiled rather rapidly as only 1 day was required
for defects to develop, while the cheese creamed with cream treated with
citric acid, with a pH of 5.10 required 8 days for defects te develep;
at a storage temperature of 71°F. the cheese creamed with untreated
cream spoiled rapidly as enly 1 day was required for defects te develop,
while the cheese creamed with cream treated with citric acid, with a
pH of 5.15 or lower 3 days were required for defects teo develop. In
general, as the pH level of the creaming mixtures used became lower
the shelf life increased, and the influence of the pH was more evident
at 450 and SSOF, than it was at 7101?°

In these trials a Ffruity defect was the dominant defect as
it appeared in nearly all the samples.

The results indicate that a pH of 5.15 or lower is desirable

in the finished cheese for maximum keeping quality.



TABLE VII

INFLUENCE OF ADDING CITRIC AGLD ON THE KREPING QUA;L,ITY OF CREAMED
| . COTTAGE CHEESE

pH of - : . ) )
CREAM  CREAMED . 45°F, CHsOF, 71%‘
MIXL.  CHUESE  Deyg® " @fecty. Noyd¥ Defeots . Days® ‘Defecu
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2., Adding Lactic Cultures

Two trials were conducted in which cheese was cressed with
creaming mixtﬁres which had from 0 to 40% of culture added,

The procedure used for trial I was as follows: uncreamed,
and unsalted cheese curd was obtained from the Payne County Cooperative
Dairy Plant, and divided into 2 equal portions. Cne ﬁ@rti@n of the
éheese curd was then creamed with ér@am thaet was not inoculated, and
the other portion was creaﬁ@d‘with cream that had been incculated

with 1 ml each of fresh cultures of Pseudomonas fragl, Pseudomonas

viscosa and Alcaligenes metalcaligenes. Table cream testing 187 fat

was used and by adding various amounts of cultur@ {(buttermilk), 5 ph
levels were established., Skim milk was added alsg in various amounts
t@ standardize the creaming mixture to a fat coentent of 127. The
cheese was then dispensed into 3 sterile p@&ri plates and incubated
at 45@9 500, and SSOFos respectively., Each sawple was examined daily
for evidence of deterioration. The hydrogen ion concentrations wers
determined using the glasé electrode.

Trial IT was a fap@at of trial I, using a different lot of
chesse from the Payne County G@@p@rative Dairy Plant, but only @né
sample was used. It was inoculated with spoiled, creamed cottage
cheese that was Ffruity an& yeasty and had surface slime. The re-
sults are shown in Table VIIXII,

In trial I, the cheese creamed with the untreated cr@am;'not
inoculated, and with a pH of 5.25 syoiléd rather rapidly as @mly 4
days at QSOFus 3 days at 50@Fas and 2 days at SSOFu were required

for defects to develop. Lt appeared that 10% added culture enly
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TABLE VIII

41

INFLUENCE OF ADDING CULTURE =~ ON THE KEEPING QUALITY

OF CREAMED GOTTAGE CHEESE

g PH of | KEEPING QUALITY AT o
CULT-  Creamed 45°F, .. 500F, 559F,
URE Cheese _ Days* Derects  Days*  Defects  Days¥ Defects
TRIAL T
NOT INGCULATED

0 5.25 4 fruity,putrid 3 fruity,slimy 2 fruity,slimy
10 5.20 4 fruity 4 fruity 4 fruity,bitter
20 5.15 10 fruity 8 yeasty,bitter 6 yeasty,bitter
30 5,10 10 - fruity 10 yeasty,cheesy 10 yeasty

40 5.00 10 bitter, sour 10 putrid 10 putrid,cheesy

INDCULATED WITH SPOILAGE ORGANISMS

0 5.25 3 fruity,pubrid 3 fruity,slimy 3 fruity,putrid
10 5.20 4 fruity 3 fruity,unclean 3 fruity,bitter
20 5.15 A putrid 3 fruity,bitter 5 putrid

30 5.10 5 musty,bitter 4 rancid 3 . rancid

40 5.00 5 musty 4 fruity,bitter 3 -rancid

TRIAL II _
.. -INOGULATED WITH SPOILED . CHEESE .

0 5.25 2 fruity 2 fruity 2 fruity,putrid
10 5.20 3 fruity,rancid 3 fruity,yeasty 2 fruity,yeasty
20 5.15 b fruity 5 fruity,bitter 5 fruity,bitter
30 5,10 & fruity VA fruity 6 putrid, bitter
40 5.00 fruity 5 fruity,bitter 6 putrid, rancid

i"“":fs»DaLys fequired for definite appearahce of defect(s)
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bslightly imé%é%ed the shelf 1ife, for at 45®Fg there was no effect

as the def@éts developed in 4 days which was the same as with the une
' treated sample, at SOQFo there was a slight effect as the defects

- developed in 4 days which was 1 day longer than the untreated samples,
and at 55°F. there was a slight eff@@t as the defects appeared im &
days ﬁﬁich was 2 days longer than the untreated sample. With 20 to
407 added culture {pH 5.15 to 5.00) it was noted that at all 3 stor-
iage‘temperatures thére was a marked improvement in the shelf life.
HmweVQIIWith 20% added culture the improvement was not as marked at
storage temperatures of 50@ and SSOFo as it was at 450Eq It was alseo
_hotgdvthat with'SO and 40% added culture tﬁere wags no differemce im
the shelf life.@f'the cheese regardlesglof ét@raga temperature,

In trial I, the cheese creamed with the creaming mixture which
Was.in@culated‘wiﬁﬁ the speilage organisms spoiled more rapidly than
thoSé &iscussed above. It appeared that with this highly contaminated
cheese; lowering the pH by addimg culture effected only a slight im-
provement in the keeping quality. Lowering the pH from 5.25 to 5.00
by adding culture lengthened the Bhélf life only 2 days at a storage
,temperature of 45°F. and only 1 day at SOQFog at a sterage temperature
of 55°F, there was ne a@paremt improvement in the shelf life.

In trial II, the cheese creamed with the untreated cream,
with:a pH ef 5.25 spoiled rather rapidly as only 2 days were required
‘for‘dgfects to‘appear at 4503 5009 and 55@F° There appeared to be
litﬁle, if any, influence on the shelf life when 10% culture was added
te the creaming mixtufeg pH 5.20, while with thé cheese creamed with
'20 to 407% culture added to the cream there was a considerable iﬁfluc

ence on the shelf life at all 3 storage temperatures. The shelf



life ves lengthened 4 days when stored et 45° end 55°F. end 3 days vhen
Fbe kéeping quality of the cheese with a pH of 5.15 and that with a pH
.“.>In‘both trials I and II, the samples with culture added and

stored st 50° and 55°F. shoved & curdling of the creaming mixture and
free whey, which is undersirable. The gepera} results indicate that
the addition of lactic culture to the oreaning mixturs in sulficient
auantity o give pi values of 5.15 or lover in the finisned chesse is
a practicel method for improving the shelf 1ife. The keoping quality
wgg;@ p?obably“hgye been better with all the samples if salt had been

added to the cheess.
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Since the previous trials were conducted with Streptococcus

lactis cultures which are able to grow slowly at 50°F. and higher, the
improvement in kesping quality might have been due in part to the

restraining effect of the growth of the Streptococcus lactis culturs

at the higher storage temperatures. It was thought that the use of
a culture that would not grow at thesg temperatures would reflect the
influence of the pH only on the shelf life. Also, the use of such
a culture would possibly eliminate the curdling and wheying of the
creaming mixtures. Accordingly, a trisl was c@nﬁucted in which the
pH values of the creaming mixtures were adjusted to different levels

by adding ripened cultures of Streptococcus lactis and of Lactobacillus

bulgaricus, using the same gemeral procedure as in the previous trials.

The cheese used was unsalted and was eobtained freom the Payne
County Gooperative Dairy Plant. The creaming mixture was inoculated
with cottage cheese spoilage organisms. The amounts ef culture used
ranged from O to 30%, in 10% increments. The results are shown in
Table IX.

The results of this trial indicatsed that by lowerimg the pH
of the finished cheese by adding ripened lactic cultures te the
creaming mixtures, the shelf life was lengthened regardless of
which culture was used. It was noted that all of the cheese sanples
spoiled rather ;apidly as the maximum shelf life was only 5 days
regardless of the pH. At a storage temperature of 4§?Fa it appeared
that the cultures were about equal in influencing the shelf life, as
the control sample speiled in 3 days, while the cheese creamed

with cream treated with either Streptococcus.
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TABLE IX

INFLUENCE OF ADDING S. lactis AND L. bulgsrieus ON THE KEEPING GUALITY OF CREAMED
| COTTAGE CHEESE |

ACIDITY  pH.OF KEEPING QUALITY AT
% OF CREAMED 45°F . 50°F, : 5598,
CULTURE CREAM CHEESE . Days¥® Defects Days* Defects Days*  Defects
(&) ,

S. lacgtis

0 0.23 5.25 3 fruity, putrid 2  fruity, bitter 3 fruity, bitter
10 0.25 5.25 5 fruity, bitter 2 fruity, bitter 3  bitter, sour
20 0.31 5.15 5 fruity, bivter 3 rancid, bitter 3  bitter, sour
30 0.36 5.10 5 fruity, bitter 3  bitter, sour 3  Dbitter, sour

L. bulgaricus

0 0,23 5.25 3  fruity, rancid 2 fruity, bitter 3  Dbitter, sour
10 C.29 5.25 3  fruity, bitter 2 fruity 3 bitter, cheesy
20 0.33 5.10 5 fruity, bitter 2 bitter 3  bitter, sour
30 0.34 5,10 5 fruity, putrid 5 rancid, bitter 3  bitter, sour

®= Days required for definite appeerance of defect(s)

TS



lactis or with Lactobacillus bulgaricus with a pH of 5.15 or leower

s?oiléd in 5 days. At a storage temperature of 50%F. it appeared

that the Streptococcus lactis culture had only a slight effect on

the shelf life, as the comtrol sample spoiled in 2 days, while that

with added culture, with a pH of 5.15 or lower spoiled in 3 days. It

appeared that the Lactobacillus bulgaricus culture at this storage

temperature was superior to Streptococgus lactis, as the cheese

creamed with treated eream and with a pH of 5.10 developed defects
in & to 5 days, an increased shelf life of 1 to 2 days. At a ster-
age temperature of 55@1?° there appeared to be no difference im the
ghelf life for allfth@ samples develeped defects im 3 day@? regarde-
less of pH or culture used.

| It was noted that free whey was presemt at all 3 storage

temperatures when the Streptococcus lactis culture was used to

o
“treat the cream, while this defect appeared only at 55 F. when the

Lactobacillus bulgaricus culture was used.
Fruity and bitter defects were domimant regardless of the
culture used. The bitter defect might have been partially eliminated

if salt had been added to the cheese.



D. Influence of Adding Salt and Culture on the Shelf Life

Since salt is normally used in cottage cheese to enhance the
flaver and since it is a good preservative, it was thought that the
use of this compound in conjunctien with culture in the creaming mix-
tures would effect a great improvement in the keeping quality, and
would inhibit the development of the bitter flavor defect which was
prominent in the unsalted cheese used in the previeous trials. Accord-
ingly, trials were conducted in which cheese was salted with various
concentrations of salt and culture in an attempt to eliminate the

bitter defect and to improve the shelf life.

1. Influence of Adding Salt

One trial waz cenducted to determine the influence of adding
only salt on the keeping quality of creamed cottage cheese. The
procedure wags as feollows: The creaming mixture was prepared by mix-
ing together equal portiens of whipping cream (327 fat) and milk
(3.5% fat) and inoculated with spoilage cottage cheese. Fresh, dry,
unsalted é@ttage cheese curd was obtained from the Payne County
Cooperative Dairy Plant and creamed with the inmeoculated creaming
mixture. The creamed cheese was then divided inte 7 equal portions,
to which was added from 0 te 3.0% salt. The samples were dispenged
into each of 3 sterile glass jars and incubated at 4509 5009 gmd SSOFu
Each sample was eﬁaﬁin@d organoleptically daily for evidence of @et@ri@«
ration. The results are showm in Table X.

The‘gegultgg in gemeral, indicate that the additien of salt
had a slight influence in improving the shelf life, At a storage
temperature of 459Fo the cheese with 1.0% or less of salt added
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TABLE X

INFLUENCE OF ADDING SALT ON THE SHELF-LIFE
OF CREAMED COTTAGE CHEESE

0 o

[
' KEEPING QUALITY AT '
45°F, 50°F, 55°F,

Defects Days* Defects Days* Defects
0 fruity, putrid 5 fruity, putrid 3 bitter
0 unclean, bitter 5 rzncid, bitter 3 bitter
1 unclean, bitter 6 rancid, unclean 3 putrid, bitter
1 putrid, bitter 4 rancid, bitter 3 bitter, sour.. -
2 bitter 6 rancid, bitter 4 putrid, bitter
2 putrid bitter 6 rancid, bitter Lo -rancid, bitter
3 4 6

unclean, bitter rancid, bitter rancid, bitter

*fﬁﬂays required for appearance of definite defect(s)
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gpoi}ed ?ather“r&pidly as oglyHA days_were reqﬁirgd for dgfeqts to‘def )
- velop,. vhile with the cheese with 1.5, 2.0, and 3.0% added salt, 5 days
.n’;érg;reguired for defects to develop and 6Wdays were required for the de-
yfecté“%b»develop in the cheese wiﬁh.sz% added salt. At a storage tem-
-peratgréi%fvﬁquf the cheese with no salt and‘OOE% added salt spoiled

in 5 dayg?.the §heese with 1.0, 2.0 end 2.5% added salt spoiled in
émqays, Qﬁile_the eddition of lfsvgna of BOQ%Fsalt appearsd to be
detr%mental:%§rthe she;fﬂlife>as iny 4 days_were,required for the de-
feots to develop. At & sterage temperature of 55°F. the cheese with
1?5% prnlesglof"addeq saltrsppiled in ?”dgys,”while phe‘cpeese“with

2ﬁ9, and 2f5%"added salt spoiled in 4 days and that with 3.0% added

salt in 6 days.

- ~In gengral, as the per centmsait used increased, the shelf life
increéseq slightly. This indicates that salt is unable to completely
?phibit growth éf‘the spoilage»organ?smsf From_thérresults it is‘
eviaent that the _salt did not stop the develppmenti,‘o_f_ the bitt_er_de-» :
fect; The other prominent defects that developed were putrid and

rancid.,



2., Influence of Adding Salt and Culture

Five trials were conducted to determine the influence eof adding
salt and culture on the keeping quality of creamed cottage cheese. In
the first trial, 0 and 107 culture (% by weight of creaming mixture) and
0, 1, 2 and 3% of salt (% by weight of finished cheese) in combinations
with the culture were used, In the other 4 trials 0, 1.0, 1.5 and 2.0%
salt concentrations and 0;‘5 and 10% culture added to the ereaming
mixtures were used in various combinations. The procedure for the
first trial was as foll@Wﬁé cream (18% fat) was ingculated with spoiled

cheese, Pseudomonas fragi, Pseudomonag viscosa and Alcaligenes metalcali-

genes, divided into 4 equal portiens amd O, 1, 2, and 37 salt, respectively,
were added.

Cottage cheese curd was obtained frem the Payne County Cespera-
tive Dairy Plamt, and divided into 8-210 gm portions and each was creamed
with one of the creaming mixtures. Each lot of creamed cheese was then
dispensed in 3 sterile glass jars, with covers, and incubated at 45@3 5009
and SSOFos respectively. The samples were examined orgsneleptically
daily for evidence of deterioration. The results are shown.in Table XI.

The results obtained in the first trial indicated, im general,
that the additien of salt and culture had a marked influence on the
shelf life of the creamed cottage cheese. However, at g st@:age tempera-
ture of 450Ea it appeared that the improvement im the shelf life was
largely due to the actien of the salt, while at 50% and SSOFQ it appear-

\
ed that the improvement was due to the combined actiom of the salt and

the culture.
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TABLE XI

INFLUENCE OF ADDING SALT AND CULTURE ON THE SHELF LIFE
OF CREAMED COTTAGE CHEESE

KEEPING QUALITY AT

& % 45°F B0, 550F, .
GULTURE SALT Days¥ . Defects Days* Defects _Days* . _Defects
TRIAL I | |
0 0 4 unclean, bitter 3 malty, bitter 3 bitter, cheesy
10 0 4 Pruity, bitter 3 bitter, sour A bitter, sour
0 1 6 fruity, bitter 3 fruity, bitter 2 fruity, bitter
10 1 6 bitter, sour 3 bitter, sour 6 fruity, bitter
0 2 6 fruity, bitter 3 fruity, bitter 6 fruity, bitter
10 2 6 fruity 6 fruity, bitter 8 malty, bitter
0 3 9 fruity, cheesy g rancid, chessy 8 malty, cheesy
10 3 9 fruity 8 fruity 8 malty, cheesy

*E‘Days required for appearance of definite defect(s)

LG
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Q
At a storage temperature of 45 F. the cheese creamed with the

untreated cream and that ‘treated with culture only spoiled in 4 days.
The cheese with 1 and 27 salt alone por in combination with 107 culture
added to the creaming mixture spoiled in 6 days, while the chesse with
3% salt alone or in combination with the culture spoiled in 9 days.

The'keepiﬁg quality of the cheese stored at 50@1?'a W4AS peorer
than ef that stored at 450Fa The only improvement was in that with 3%
salt and in that with a combination of culture and 2 or 3% salt,

At a storage temperature of SSQF, the addition ef 10% culture
to the creaming mixture gﬁf@ct@d a slight improvement om the shelf life,
while the addition of 1% salt appeared to be detrimental. The cheese
with a combination of 10% culture added to the creaming mixture and 1%
salt and that with 2% salt alone kept for 6 days. The additional
samples with 10% culture added to the creaming mixtures with 2 or 3%
salt and with 3% salt alone kept for 8 days. The longer shelf life
@ﬁ the samples stored at SSOF° compared te those stored at SOOFa may
be accounted for by the more rapid growth of the lactic culture at
" the higher temperature. It was observed that coagulation of the cream-
ing mixtures occurred in the samples with culture added to the cream.

Fruity and bitter defects were dominant at a storage tempera-
ture of QSOF. At 500Fu fruity and bitter defects were also dominant
but other defects (malty, sour, ramcid, and cheegy) were also evident,
At a storage temperature of 55@Fo bitterness was the most common
defect with fruitiness, m@ltimess and cheesiness also prominent.

It should be noted that the samples with 3% salt added did

not develep the bitter defect at any of the sterage temperatures.



29

It was also observed that 3% salt was much teo high for the average
palate.

The general results indicated that the addition of salt and/or
culture improved the keeping quality of cottage cheese, especially,
when the storage temperatures are higher than SOOFn It should be
remembered that the cheese used in this experiment was highly con=
taminated with spoilage organisms and that with moderate contamination
the influence of salt apd of culture would have probably been more
evident,

Since the observations in trial I indicated that salt and
culture had a favorable influence on the keeping quality of creamed
cottage cheese and that a salt content of 3%‘§as too high for the
average person's taste, 4 additional trials were conducted using
different amounts of culture and of salt. The same genseral procedure
was used, except that 0, 5 and 10% culture were added to the creaming
mixtures and O, 1.0, 1.5 and 2.0% salt were used in the cheese. A
storage temperat@re of SOQFB was used. Cheese from the Oklahoma State
University dairy plant was used in trial II and from the Payne County
Cooperative Dairy Plant in the remaining 3 trials.: Both inoculated
and inoculated creaming mixtures were used. The results are shown in
Table XII.

The cottage cheese in trials II-V inclusive that was creamed
with the untreated, uninoculated creamimng mixtures spoiled in an aver-
age of 5 days, that with salt added to the cheese in concengrations of
1.0, 1.5 and 2.0% spoiled in 7.0, 8.5, and 10.75 days, respectively,
while that creamed with cream to which culture was added in concen-
trations of 5 and 10% speiled in 4.73 amd’8,259 respectively. The
cottage cheese creamed with cream to which 5% culture was added in

combination with 1.0, 1.5 and 2.0% salt spoiled in 11.0, 11.75 and



TABLE XIT »
INFLUENCE OF ADDING SALT AND CULTURE ON THE SHELF LIFE OF CREAMED COTTAGE CHEESE

B Creaming Mixture Not Inoculated

% % : KEEPING QUALITY AT 50°F.
Salt Cul- Trial II , Trial III Trial IV , Trial V. .
ture Days® Defects Days* Defects  Dayg®  "Defects Days# Defects Average

0.0 0 5 fruity,bitter 5 fruity, bitter fruity, bitter 5 . fruity,bitter 5

1.0 O 8 bitter, slimy 7 bitter, slimy fruity, bitter 6 fruity,putrid 7.0
1.5 O 8 bitter, slimy 7 bitter, slimy fruity,bitter 10 musty, bitter 8.5
2.0 0 9 musty, moldy 13 bitter,unclean fruity,yeasty 12 msty, moldy 10.75
0.0 5 4 bitter,unclean 4 bitter unclean putrid,bitter 5 fruity,bitter 4.75
1.0 5 9 bitter, slimy i3 sour,'nclean bitter, musty 11 bitter,musty 11.00
1.5 5 10 musty,moldy 13 musty, moldy bitter,unclean 12 musty, moldy 11.75
2.0 5 10 musty,moldy 13 musty, moldy 13 musty, moldy 12 musty, moldy 12.00
0.0 10 6 rancid, bitter 8 bitter, moldy 9 putrid, bitter 10 musty, bitter 8.25
1.0 10 10 Dbitter,unclean 13 bitter,moldy 9 putrid, bitter 10 musty, bitter 10.5
1.5 10 1 musty,moldy 13 unclean,moldy 13 musty, moldy 13 musty,; moldy 13.25
2.0 10 14  musty,moldy 14 unclean,moldy 14 musty, moldy 14 musty, moldy 14.00

#

. "= Days for Definite Appearance of Defect(s)

i
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TABLE XIT (CONT)

INFLUENCE OF ADDING SALT AND GULTURE ON THE SHELF -LIFE OF CREAMED COTTAGE CHEESE

Inoculated Creaming Mixture:

3 %t Cu% KEEPING QUALITY AT 50°p, "~
a - Trial II N ial JIT Trial IV
ture Days® Defects Days# %ﬁ%ects Days¥* Defects Days* .

0.0 0 A fruity,bitter 4 fruity bitter 4 fruity,bitter _ 3 _putrid,bitter 3.95
1.0 0 6 fruity, bitter 4 fruity,bitter 6 putrid, bitter 4 putrid, bitter 5.0
1.5 0 6 fruity,bitter 4 fruity,bitter 6 .rancid, bitter 5  rancid,bitter 8.25
2.0 0 7 fruity,bitter 6 fruity,bitter 9 fruity, bitter 9  Bruity,bitter 7.75
0.0 5 5 fruity, bitter 5 fruity,bitter 5 fruity, bitter 4 fruity,bitter 4.75
1.0 5 5 fruity bitter 5 fruity,bitter 5 fruity,bitter 6 fruity,bitter 5.25
1.5 5 7 fruity,bitter 6 fruity,bitter 9 fruity,sour 7  fruity,bitter 7.25
2.0 5 8 fruity,bitter 7 fruity,bitter 9 fruity, cheesy 8  fruyity,bitter 8.00
0.0 10 4 bitter, cheesy 4 fruity,bitter 6 rancid, bitter 3  fruity,bitter 4.25
1.0 10 5 bitter, sour 5 fruity, bitter & fruity, sour 5 fruity,bitter 5.75
1.5 10 g fruity, bitter 5 fruoity,bitter 10 fruity, cheesy 6 fruity,bitter 7.25
2.0 10 9 fruity,bitter 8 fruity,bitter 11 unclean,bitter g8 fruity,bitter 9.0

*=.Days for Definite Appearance of Defects(s)

19
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12.0 days, respectively while that crsamed with 10% culture and salt
spoiled in 10.5, 13.25 and 14.0 days, respectively.

Bitter, musty, moldy and unclean were the most prominent
defects observed in these trials when the creaming mixtures were not
ingculated. It should be noted that in the samples with 2.0% added
salt alone and with 1.5% or higher added salt used in combinationm
with 3 or 10% culture, the bitter defect did not develep. It was
alse noted @hat with 1.5% or higher added salt used in combination
with 5 or 10% culture, in gemeral, the spoilage appeared te be due
to mold growth rather than bacterial gr@wtha

The cheese creamed with the creaming mixture that was inocu~
lated with the spoiled cheese and the speilage organisms deterierated
mere rapidly than thogse discussed above. It appeared that with this
highly c@nt&mimat@@;@h@@a@ the additieon of salt enly to the cheese,
in the concentrations used, lemgthened the shelf life comsidevably,
while that creamed with culture added to the cresming mixture lengthen-
ed the shelf life only slightly. When the salt and 5% culture were
used in combination they effected a marked improvement om the shelf
life, the best improvement being attained with 1.53% added salt, while
that with 10% added culture the shelf life, in general, was about
equal to that with 5% added culture.

It was noted that, with these inoculated creaming mixtures,
the 2 compounds added alone or in combination failled te inhibit the
bitter flaver defect.

The general results of these trials (II te V‘iﬁclusive)

indicated that the addition of salt and/er cultwe improves the keep-

1
i

. . . 9 ;
ing quality of cottage cheese when stored at 50 F. It was noted that when



the cheese was not inoculated the spoilage sppeared to be due largely
fo mold growth;’ and that the influénce of salt:and of: culture was morere
evident in the cheese with low or moderate contamination than in that

with high contamination.



SUMMARY AND CONCLUSIONS

A study was conducted to determine the influence of various
factors on the keeping gquality of creamed cottage cheese. The cheese
was subjected te various treatments and samples stered at temperatur@s
of from 459 to 70%“.,s and observed for rate and extent of deterioratien.

The influence of aureomycin and/or serbic acid on the keeping
quality of cottage cheese was determined by adding various concentrations
of these compounds to the dressing used to cream the cheese. The results,
in general, indicated that these compounds impreoved the shelf life
considerably when the pH of the finished cheese was relatively low,
but they were ineffective when the pH was high. Serbic acid was generally
less effective in controlling bacterial defects than was aureomycin.
Concentrations of 4 to 6 ppm of aureomycin were generally effective
against bacterial develeopment, while 400 to 600 ppm of sorbic acid
were needed to control defects due to y@a%&é and molds,

A storage temperature of 7001?‘u was found te be unreliable
for predicting the keeping quality of the cheese held undsr the condi-
tions found in the nermal merchandising channels.

Aureomycin and/or sorbic acid, in concentrations of 10 ppm and
500 ppm, respectively, were used on 26 commercial samples. The results
indicated that these compounds improved the keeping quality of some of

the lets, but that they camnot be relied upon to insure long shelf life.
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The samples with pH values of 5.14 or lower had good keeping quality,
whereas, those with higher values generally deterierated rapidly.

The influence of the acidity of the whey.at the time of cutting
was determined by making four small lots of cheese from the same leot of
milk and cutting at different whey acidities and determining the keeping
quality. The results indicated that as the whey acidity at the time of
cutting the curd incrzased, the éh@lf life of the finished cheese
increased., At a storage temperature of 45®E;9 the whey acidity at th@
time of cutting the curd had a greater influemce on the keeping quality
than it did at higher storage temperatures.

Creaming mixtures were inoculated with an active lactic culture,
incubated and samples were rem@béd at various pH levels. The cultured
creaming mixtures were then used to cresm cottage cheese curd and the
keeping quality determined. The general results indicated that as the
pH of the creaming mixture was lowered the shelf 1ife was lemgthened
considerably. Since lactic cultures grow at temperatures above SOQE«‘UEJ
the increase in shelf life at storage temperature of SQOFo or above
was probably due, im part, to the restrazining action of the culture,
but at a storage temperature of &SOFA the increase in shelf life must
have been largely due to the lowering of the pH.

Cottage cheese curd was wash@é with cold tap water which was
treated with citric acld or WaOH to attaimn predetermined pH levels.

The cheese was thern creamed and the keeping gquality determined. The
results, in gemeral, indicated that the pH of the wash water had little
or no influence on the pH of the finished cheese. However, there were
slight variations in the titratable acidities éf the finished cheese.

It was concluded that if chesse is produced under good sanitation practices
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and stored at low temperatures, the pH of the wash water will not be a
majer factor in determining the keeping quality.

Citric acid was added to the creaming mixtures until predeter-
mined pH levels were attained. These creaming mixtures were then used
to cream cheese curd and the keeping quality determined. The results,
in general, indicated that as the pH of the creaming mixture was lowered
the shelf life was lengthened considerably. A pH of 5.15 or lower was
found to be desirable in the finished cheese for maximum keeping quality.

Cottage cheese curd was creamed with from 0 to 40% lactie
culture added to the creaming mixtures. The results indicated that as
the per cent added culture increased the shelf life was lengthened
considerably. There was little difference in the keeping quality of
the cheese with a pH of 5.15 and that with a pH of 5.00. At storage
temperatures of SOQFa or higher a curdling and wheying off of the
creaming mixture was noted,

In an attempt to éliminate the curdling and wheying off of
the creaming mixture, a trial was conducted to compare the effects of

adding Streptococcus lactis and of Lactobacillus bulgaricus cultures

to the creaming mixtures. The results, in general, indicated that the
2 cultures were about equal in delaying the development of defects.

The creaming mizture with Lactobacillus bulgaricus added did not curdle

and whey off during storage as did those with Streptococcus lactis

culture added.

Various concentrations of salt and lactic culture were added
to the creaming mixtures in an attempt to improve the shelf life and
to inhibit the bitter flaver defect that was promiment when culture eonly
was added. The results, in general, indicated that there was an improve-
ment im the shelf life when either salt or culture was added alone, but

that the bitter flaver defect generally developed. When they were used
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in combination themearkedly improved the shelf life. Combinations of
1.5% or higher of salt and 5 or 10% of culture:inhibited thevdevelop=

ment of the flavor defect in low or moderately contaminated cheese.,
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