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TITRCDUCTION

Cottage cheese is a skim milk iroduct that has become
of commercial importance throughout the United States. It:'
manufacture hes in the past largely been confined to plants
vhose main enteririse consisted of marketing bottled fluid
milke In several instances in Uichigan however, the manufacture
of cottage cheese has attained such proportions that its
menufacture has become the major operation of some dairy
plantses Attending the manufacture of cottage cheese there
exigsts a big waste disposal problem that becomes quite important
in cities where waste treatment in sewage disposal plants i1s
limited. Approximately 85 percent of the skim milk used in
cottage cheese making becomes whey, a rroduct that is usually
t00 low in food value after mormal cheese making practices to
make it useful for animal feeding or for processing by means of
condensings A further loss occurs when milk and bacterial
cultures respond abnormally causing s;oiled batches.

The f?llowing study was made in order to determine the
effect of qua%ity of milk and starter on batch losses and further
to investigate the possibility of reducing the volume of whey
?hat would have to be disrosed of without sacrificing cheese

quality,



REVIET OF LITERATURE

COTTAGE CHEECE

1= Kinds of Cottage cheese

Cottage cheese is essentially an unripened skim milk
curde It may be mnde from reconstituted skim milk, dried
skim milk or concentrated skim milk. Cottage cheese consists
of small particles or flakes of curd which have z meaty
consistency (57)¢ The particles may be as small as kermels of
wheat or as large as popped kernels of corn. The large flake
cheese is known as pot cheese in some markets. Pot cheese is
unereamed., Cottage cheese is sold as cottage cheese curd and
elso as creamed cottage cheese., The creamed cottage cheese
contains not less than four percent fat,

¥hen cottage cheese is made in large flakes by the use of
rennet, the product is known as low acid, sweet curd, rennete
type, or flake~type cottage cheese. Baker's cheese is a gpecisl
type of cottage cheese.

The rennet-type cottage cheese is very popular in critical
markets and probably is resronsible for the rapid increase in
cottage cheese sales and production. According to United States
Department of Agriculture, Bureau of Agricultural Economics,

the production of cottage cheese curd for 1948 was 255,606,000



pounds, a rise of eight percent over the 1947 production
figures, The cottage, pot, and baker's cheese production
in skim milk equivalents in 1948 was 1,598 million pounds
of skim milke The production of cottage cheese curd and of
creamed cottage cheese in Michigan during 1948 was 18,350,000
and 23,373,000 pounds respectivelys The State of Michigan
ranked fourth in cottage cheese curd production while it was
third in creamed cottage cheese production,
2- Flavor and quality of cottage cheese

The flavor of cottage cheese should be clean and very
mildly acid (48). Lucas (22) says a perfect flavor in cottage
cheese somewvhat resembles that of fresh butter. According to
Hales (14) a good grade of cottege cheese should have a clean,
sweet, creamy flavor; a meaty smooth body, a uniform appearance
and just enough salt to intensify the matural flavor of the
curds The common defects in cottage cheese are acid flavor,
bitter flavor, fermented or yeasty flavors, rubbery curd,
erumbly curd, slow setting curd, gaseous curd, and low
yields. (7,14,35,36,47,48) Different workers have tried to
evoluate the steps of manufacturing cheese either in general )
or with a view to find out en importent step particularly to be
watcheds According to Wilson and Trimble (60), one of the most

important factors that control the flavor of the final product






was proper pasteurization of the skim milk.," While, according

to Thurston (49), whey ecidity at the time of cutting the curd
was the most importent single factor concerned in the manufact-
uring of cottage cheese, Reichart and Devis (3e), say that the
success of the entire cheese making depends on the use of a
fresh starter with a clean, distinct, pleasgnx end mildly acid
flevor. Ruehe (44) discusses the method, equipment and cost

in making cottege cheese, while Tretsvem (55), has tried to
evaluate the sters followed in the manufecture of cottage cheese.
Wilson (59) in *Quality and Uniformity of Cottage cheese and
its practical control' says,” to maintain the characteristic
appearance of cottage cheese it i1s necessary to develop a curd
that efter cutting, cooking, washing, chilling and creaming wili
largely retein its original ahap€ end have a very mild acid
flavor. To control the quality and uniformity of cottage cheese
and especially that of the low-acid rennet-coggulated tyre,

it is necessary to have propér and adequate equipment that is
kept in e sanitary condition, and to use only good quality

skim milk that has been rroperly pasteurized.®

VAIUFACTU F_COTTACE CI

%= Methods of Manufacturing

The methods of manufacturing cottage cheese are under slow



evolution, There ere in general two methods by which

cottage cheese is made. These differ in the time allowed

for curd fo form, Ihe long set or overnight coagulation
mgthod required 14-16 hours for curdling while in the short
set method it needed about 4~6 hours for the curd to form.
The long or overnight set method is one of the first methods
of making cottage cheese(8).
ng Set Method

The literature is full of directions om how to make a
gqod_cottage cheeses lucas (22) suggested 70°F as the setting
temperature for the over night set, In 1927 Reichart and Davis(38)
suggested two distinct temperatures varying with the season,
They recommended 90« 95°F as the setting temperaturs during the
vinter months, vhile 70= 75°F for the summer for the overnight
sets Martin (24) has put down the range of 68°F to 72°F as the
setting temperature for the long set method. According to
Tracy (52) it takes fifteen to twenty hours for comrlete
coegulation when set at 70°F‘with two to three percent starter
and 042 ml remnet for each ten gallons of milke When the long
set pethod for cottage cheese menufactures is used Glover apd
Burgwald( 6) employ 72°F s their setting temperatures Hales (13)

also advises 72°F as the proper setting temperature if the long



set method is employed. ¥lavor Line Incorporated Public=
ations (8) contains 68-70°F for the long set.
Short Set Method

The trend in the past two decades is definitely towards
the short set method. The short set method has three definite
sdvantages over the long set methods Thurston and Gould (51)
report that the setting temperature of 90°F is preferable to
70°F because the higher setting temperature reduces the time
required for completing the process of manufacture, thus
enabling the worker to complete the whole procedure during
the normal working day. This, in general, results in a closer
control of the whole rrocess, because the worker has the chance
of watching throughout the entire setting period. He can make
occasional acidity tests and thus is sure to cut it at the
right time. Murthermore,they also observed that fermentations
producing undesirable off flavors did not occur often in the
high temperature set. Flavor line Incorporated's publication(8s)
also reporis similar conclusionss The five hours set is more
desirable as usually it works out in the daily plant operation
and thus c¢an be watched more closelys In the line of éhecking
undesirable fermentations they have something more to say.

According t6 them by using large quantities of starter, the



bacterizl populution of desirable bacteria is increased
and thus undesirable bacteria giving out off flavors do
not get an easy chance to tuke possession. Also the rapid
development of acidity checks the activity of undesirable
fermentation prematurely.
Rennin _in Manufacture

Bacause of the capacity of giving softer curd and at
lower acidities, rennin is almost slways used now in the
manufacture of cotiage cheeses There are other coagulators
elso on the market, but Tretsven (56) prefers remnin to
pepsin and other proteolytic enzymes because it only coagulates
and does not break down by hydrolysis the protein in curd.
Thurston and Gould (51) from their experiments on concen=
trations of rennin and their effects on the curd of cottage
cheese conclude that the true function of rennin in this tyre
of cheese is not releted to its coagulating property. According
to them its coagulating prorerties are of secondary importance
while its importent function is to prevent matting of the curd
flekes, Remnnin should be used at the rate such that it will
not produce coaguletion very far in the advance of the proper
ecidity of cutting, otherwise a large part or all of the

calcium paracaseinate due to the later develorment of acid



after rennin coaguletion thus resulting into a curd thet lacks
cpheeiva prorerties. According to them, 0,75 to 1.5 ml of
rennin for every 1000 pounds of skim milk is the useful
range for renniq, To produce atmore‘désirable curd there
must be e balance obtained between rennin action and acid
develorment., They advise as much rennin as possibly could
be used should be used in order to reduce matting. An
attempt to obtain this balance is mede by Angevine (1) by
adding the rennin extract as late as one and a half hours
after the starter has been stirred in.

The procedure for menufacturing cottage cheese ( 11,12,
13,14,19,22,32,35,38,47,53) give 1.0 ml of rennin extract
per 1000 pounds of skim milk as the required amount for good
resultss Tracy (51) has suggesied the using of remnin at
the rate of 0.2 ml for every ten gallons of milke Thurston (46)
found that varying the rennet extract from 1.33 to 3,33 ml
per 100 pounds of milk had no effect upon the manufacturing
process or character of the curd rroduced from the skim milk
pasteurized at 185°F for twenty secondss The dilution of
rennet into a cur of water plus agitetion of milk after the
remnet is added will ensure againet local action of the enzyme,

It is believed that excess agitation at this time may render



the rennin inactive. Thus it is best to mix the starter and
the skim milk thoroughly, prior to the addition of rennet

end then mix gently the diluted rennet after sometime afier

the starter has been addede Parfitt (30) concluded that too
much enzyme may lead to a soft, pasty cottage cheese. Thurston
and Gould (51) end Thurston (49,50) report that use of Calcium
Chloride proved of no value in hastening coagulation by remnin

or in firming of the curd during cooking,

COOKING OF COTTACGE CHEESE
Whey expulsion
Sommer (48) writes that as soon as the curd is cut scme

whey will be excluded but this tekes rlace to a limited extent
onlye Janoschek (17) has studied the whey draining from casein
curde According to him the wheying off starts when the milk
thickens, rises to a maximum rate after cutting and then
diménishea. To rroduce the desired whey seraration heating is
necessary, In the process of heating, enough stirring must be
employed to prevent the cohesion of curd particles. Until some
shrinking end firming of the curd rarticles has taken place, they
are very fragile and to prevent shéttering the agitation must

be very gentle. Above 90°F the curds shrink and become more

firm thus facilitating mechanical stirring,.
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Addition of water

Sommer (48) further writes that when the vat capacity
and the acidity of batch permits, a convenient method of
providing for early heating with a minimum of agitation is to
add warm water at 110-120°F in amounts up to 50 percent of the
volume of the skim milk., Jensen (19) suggests one inch of
water over the éheese. "Price and Kelley (37) in 1933 said
that the use of water in cooking is very beneficial. Water in
quantities up to 40 percent or more of the weight of milk in
the vat may be addeds The temperature of the cooking water
they recommend as 100-105°Fs The water according to them causes
the curd t6 firm more quickly after the heat is appligd and
tends to sweeten the flavor of the curde. Tretsven (Sé)
comments on addition of water by saying that addition of hot
water reduces friction during agitation, aids in syneresis end
dilutes the acidity to some extent,

Temperatures in cooking

YEven if 115°F water is added directly to the vet the
firming process will last an hour to an hour and a half, According
to Sommer (48) three to five minutes should be taken for each

degree rise in temperature. However, the temperature and length
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of cooking time depend . upon the firmness desired, the casein
content of the original skim milk, rasteurizing temperature,
acidity developed during coagulation, salt composition and the
degree of enzyme ectivitye. Tracy (52) advises 114-11€°F as

the f£inal cooking temperature. Lucas (22) has put down the range
for cooking temperature as 100-120°F, According to Jensen (19)
the final cooking temperature should be 125°F., Mull, Reid and
Arbuckle (26) in their mew short time method suggest 11€°F as

the final temperature for cooking and if the curd is not firm

by the? they advise holding it at that temperature till firm to
the required extent. Parmelee and Rosenberger (32) take 115°F

to 125°F as the cooking temperaturess A range of 110-140°F for
cooking temperature is indicated by Reichart and Devis (38).
Schogk (46) has kept the range for final cooking temperature
between 115 and 120°F, Flavor Line Incor;orations Publication (8)
mentions 10-20°F difference in temperature between the vat and
the Jacket. Jensen, J.Me in a private communication suggested

8 45 to 509 difference in temperature between the whey temperature
and the water temperature, the latter being that much higher.

Determining firmness of curd

The ranges of final cooking temeratures suggested by

different writers are thus very great indicating the impossibility
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of setting up definite standards of time and temperatures

of cooking fgr producing good cheese. Consequently, rhysical
tosts must be used to determine the firmness of the curd.

The most common method of determining the firmness of the

curd isﬁto let drop a flake on the floor from waist high.

The cube should not shatter on contacting the ground if it is
properly cooked and should retain its form. Other method
suggested by Hales (14) is to rlace the curd rerticle in cold
watere This will make the curd yerticle more firm and wil}
show ﬁhe characferistics tha? can be expected in the f}nished
cheese. The cube should break evénly and should be free of
escaping mois?ure gfter being broken open. Also, vhen a handful
of cubes is squeezed lightly they should be somewhat springy end
tumble apart when releesed (14). All these methods of testing
curd firmness are empirical, or what may be called as 'Practical
Methods' and Tretsven (56) has expressed a great need for more
agcurate methods for determining the firmness of the curd particles,

Draining and Washing

After' the curd 1s properly cooked the whey is drained 'off
and the gurd weshed with water, This washing serves two main

Furrosess
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1- It washes the excess acid from the curd.

2- It firms the curd by .chilling,
Thurston (50) has suggested the use of cold water for
washing purposes, Manus (23) on the other hand edvisd
the slow cooling and chilling of the curde He advises
first warm water washing because cold water chills the
outeide of the curd and thus traps the remsining whey
inside, ‘Only cold water (75°F) helpe wash the outside of
the cheese flakes but does not remove the acidity from inside
the flekes, So, if warm water ie substituted ffig:' the warm
whey early in the cooking procedure, a more rapid movement
of lactic acid from the interior of the flekes to the warm
vater may take place without the excessive firming, thus
producing as a result, a good, softer, sweet tasting curde
If the water is too cold, esays Hales (14) there is a danger
of shattering the curd and meking it too toughe This can be
s2id to be samething like a cold shocke Hales (14) suggested
the use of 85°F water for the first wesh. Gross and Mutien (B)
ask not to draw off all the warm whey before adding cold wash
water, This will stop matting of warm curd, A cube form is
retained much better if the curd is not cooled off too rapidly.’

Both Reuhe (42) and Angevine (1) suggest warm wash water for
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first washing and then the use of very cold water, The curd
should be carefully yet sufficiently agitated, during washing
with a cheese fork to permit all of the curd to come in contact
with the fresh water. The first wash weter should not be

drained for at least five to ten mimutes (14), Water at
temperatures at 60°F or lower is preferred for chilling, As

a rule, two washings are sufficient, Excessive washing may
produce a product that is quite flaworless, especially if the
originel acidity was lows and with certain types of water may
produce slippery curd due to a solvent action on curd, especially

if the acidity was berely high enough to start with (48),

ACIDITIES AND THEIR ROLE

Whey acidities
Thurston (49) in 1931 eoncluded that the acidity of the

whey at the time of cutting the curd is the most important

single factor, concerned in the menufacturing process of cottage

cheeses., Regardless of variations in other factors, a whey

acidity of 0,35 percent or more was found necessary in order

to produce a curd with a desirable body, The upper limit of

acid development was set by him as 0,68 percent acidity, However,

average acidity at cutting was 0,48 percent. Thurston (50)

reports that acidities higher than 0,48 percent for whey tend
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to favor coarse textured curd, As many changes in milk are
associated with chenges in pH, rather than titratable acidities
of milk, Price and Kelley (37) tock measurements of acidities
by both these types of methods during the process of making
cottage cheese, Their results show that the relation between
the two types of acidity measurements is smooth, There is
a marked difference in titratable acidity between curd at
cutting and whey which drains off, This is not epparent in pH,
Gross and Mutten (12) showed that the whey acidity
immediately after cutting should have an acidity of 0,45 to
050 percent, Acidities above 55 percent resulted in a slijghtly
grainy, tough, curd, Thurston and Gould (51) concluded thet
curd cut at whey acidities of 0,35 percent or lower behaved
in cooking as a rennet curd, while that cut at acidities
higher than 0,4 percent behaved like acid curd, The average
vhey 2cidity of curds producing desireble results at cutting
was 0,48 percent, The different processes of manufacture
suggest a whey acidity at cutting between 0.5 and 0,55 percent,
Angevine (1) uses 0,5 to 0,55 percent while Lucas (22) had

used 0,70 percent as the whey acidity et cutting,.
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Standardization of Acidities

Acidity, as we have seen, has an important function.
For some time it has been thought that the true dairy
products flavor of cottage cheese and cultured buttermilk
is sutmerged by the ordinery concentration of lactic acid
present, It is believed that standardization of acidity
at some step of mamufacturing cottage cheese, when a high
quality starter is used, should produce a full flavored,
clean milk product (26), ~Associatesof Rogers (2) state that
somewhat unaatiefactory_results were obtained when alkglies
agcompanied by pasteurization, were papd to standardize high
acid milk previous to its use in cheese-making. Fhillip (33)
has noted that acidity standardizgrs g;e.aometimes added to
the lest wgsh water in the cottage cheeses productipn.‘ He )
also says that two or more washings of thg curd are required
to produce a mild flavored cottag® cheese, Mull, Reid and
Arbuckle (26) havp studied the effecta upon the physical and
chemical properties of cottage cheese in which variable amounts
of standardizing agen$ 'MINSOL' were added to skim milk, to
the wash water, to the storage water; and to the cream used

for creaming the curd, An improved flavor of the cottage cheese
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resulted from the use of moderate amounts of standardizer

in the skim milk and in the wash water, Excess smounts how-
ever produced unnatural flavor and impaired keeping quality.
The use of standardizing agent at more than one step was not
recommended, If cottage cheese is stored for too long a time,
usually six days in alkeline water, unnatural flavors are

developed and there is a tendency towards matting,

EFFECTS OF QUALITY OF MILK AND ITS TREATMENT ON COTTAGE CHEESE

Effects of milk solids on cottage cheese
Good quality milk is required to produce good quality

cottage cheese, Composition of skim milk is an influential
factor on the quality of the cottage cheese. Olson (27)

found that cottage cheese made from high solids skim milk

were superior in quality to the cheese made from low solids
content, The high solids skim milk produced a firmer coagulum,
Skim milk with higher solids also developed acid more rapidly,
the cooking of the curd was accomplished in a shorter time and
the losses in handling the curd were less then in low solid
milk, Higher percentage of solids in skim milk help in giving
a uniform body and firmer texture, which means that the individual
particles retained their shape better than in the case of the

cheese made from the low solid milk, The total solids caontent






% 18 -

of 102 samples of commercial cottage cheese manufactured in
the North Eastern section of the United States as reported in
1943 by Garrét (9) varied from 14.89 to 28,71 percent. He

also showed the mean calcium content of cottage cheese to be

0,30 percent and the mean phosphorus content to be 0.23 percent,

Pasteurization of milk and its effect on cottage cheese

Nowadays skim milk is usually pasteurized before beine
used in manufacturing cottage cheese. It is a law in most of the

States that skim milk be pastwurized. Higher temperature is
found to have some sort of a stabilizing effect on the protein

(48)s When rennin is beine used as a coagulator, soluble

calcium salts are necessary. But pasteurization changes the
concentration of soluble calcium salts creating improper
coagulation, This is especially true in the case of low solids
skim milk necessitating addition of 0.06 to 0.08 percent
calcium chloride, (41). Reid and Brock (39) report work

done on the disturbance in the natural oxidation reduction
equilibrium of milk with special reference to the using of

dehydrated milks in the manufacturing of cottage cheese,
According to them, normal pasteurization does not alter

the character of the oxidation reduction potential (Eh) of

raw fluid whole milk appreciably but temperatures exceeding lh%oF
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or holding periods exceeding thirty minutes do affect the
characfgr of the Eh in relation to excess time or temperature
appliede Eh to them seems to be related to the physical and
chemical properties of milk and cheese. Cottage cheese, having
an eltered Eh when dry milk is used in its manufacture, appears
to be more sensitive to oxygen, light, lactose, lactic acid,

and electrolytes, with a corresponding change in its physical

and chemical properties, The same opinion that highgr temperatures
of pasteurization are not favorable to cottage cheese has also
been voiced from manufacturing experience, According to Wilson
end Trimble (60) one of the most important factors in the control
of flavor in the finished cheese was pasteurization. Holding
method (145°F for 30 minutes) or even flash pasteurization
(180-165°F for 15 seconds) was satisfactory if properly
controlled, Parfitt E,He (30) reports that a soft, pasty,
cottage cheese may result from too high a temperature of
pasteurization. Higher temperatures, say Glover and Burgwald (11)
are detrimental to the texture of the resulting curd, Holding
milk in H.T.S.T. for twenty three seconds, according to Reuhe(43)
will have a slightly greater effect upon the calcium salts in
the skim milk then holding for sixteen seconds, This may

necessitate addition of slightly higher amounts of calcium



chloride to skim milk for the manufacture of cottage cheese.
Kloser (20) thinks that the whole process of ¢ottage cheese
making would be benefited very much by the acourately

controlled operation in the HeTeS.Te Different manufactur-

ing processes suggest 142-145°F for temperature and twenty

to0 thirty minutes for holding during pasteurization of milk

that is to be used for the production of cottage cheese.

Reichart and Davis (38) suggest 142-145°F for thirty minutes,
wvhile Goss and Mutten (13) suggest 142-143°F for thirty minutes,
Iueas (22) prefers 1459F for twenty minutes indtead of thirty
minutes for holding to obtain proper firmness and texture in

the resulting curd, Martin(24) advised 145°F for thirty minutes;
80 also are Thurston and Gould (51)s On experimentation they (51)
found that temperatures of 165°F and 185°F ceused reduction

in firming process and necessitated higher cooking temperatures,
Also, curd from higher temperatures loses its cohesive property
resulting in shattering of flakes, Jensen (19) puts 144°F for
thirty minutes as the pasteurization temperature, A temperature
of 143}°F for thirty minutes has been put as required temperature
for pastéurization by Angevine (1), Goss and Mutten (12),

Tracy and Reuhe (53) and Schoek (47) all suggest 143°F for thirty
minutes for proper pasteurization of skim milk to be used in

cottage cheese manufacture,
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QUALITY OF STARTER AND COTTAGE CIEESE

Van Slyke and Price (57) say thet it is essential to
use a lactic culture of high quality in commercial manufacture
of cottage cheese, Starter made from skim milk is desirable
t0 use in manufacture of cottage cheese because, when starter
made from whole milk is used, it is lighter in density than
skim milk in the vat, Also the slight caramel color of cur§~
containing the whole milk starter is sometimes objectionable.
Sommer (51) states that & good commercial culture conteins
Se lactis, S.citrovorous, and Se.paracitrovorous. The presence
of all three of these is necessary in a starter for a high
flavor and eroma, According to Reichart and Devis ((38) the
success of the entire cheesemaking process depends on the use
of a proper starter, It should have a clean, distinct, pleesant,
mildly acid flavor and be fresh to insure the viability of its
bacteria, Rapid curdling produceg a c;eaner flavored curd for.
cottage cheese than slow curdling, The acidity qf a goqd starter,
calculated as lactic acid, should very between 0,6 to 0.8 percent,

The amount of starter used depends upon the method

employed, _From 045 to 3.0 percent of starter is suggested for
the long set method, while five to ten percent is the usual

recommended amount for the short set method. Reichart and Davis (3§
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recommend O¢5 to 3.0 percent for long set end ten percent for
ghort set, Hales (14) has asked to use five percent starter
for short set and one percent for long set, Jensen J.M. (19)
has recommended ten percent starter for short set method and one
percent for overnight,
WHEY DISPOSAL PROBLIZS

The cottage cheese industry utilizes only a_portionAof the
milk solids for the production of pottage cheese, The rest of
the unused solids remain in the whey, which is a waste to a
cottage cheese manufacturer, Quite a number of ways have begn
auggested and applied industrially for the utilizing of whey,.
According to U.S.DeA, statistics about one and one quarter
billion pounds of vhey are produced py cottage gheele and related
types (Bakers cheese, pot cheese etc,) annually, Thus, unused
whey is a liability to the factory and it must be hauled away
from the factory or vented futo the sewage system, Either method
is expensive, According to Senders (46) what is needed for a
small plent is a'simple and economical method of processing
whey in order to compete with similar products from other sourcess
Backmeyer (3) has discussed the effect of whey upon the operating
of an activated sludge plant, The continuous daily d#mping of
whey into the sewage system and the 'batch® doels create difficult

operational problems at an activated sludge plant, Backmeyer(4)
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discusses a cheese vhey disposal process by digestion. The
report of the Task Commnittee on Dairy Waste Dispossal ofAthe
Deiry Industry Committee (64) outlines a system of waste
prevention that can be adopted with little or no expenditure
of money by eny plant dperator,

BTORAGE OF COTTAGE CHEZSE

Storing in Brine
As soon as the curd is drained sfter washing it is ready

for oreaming and salting. The salt may bg added to the cream

and then the cream edded to the curd (19). The amount of the
cream will vary according to the butter fat content of the cream,
Federsl law heas put four percent butterfat as the minimum
requirements of cottage cheese, It is usually desirable to store
cheese uncreamed, Jensen Co (18) has recommended storage of

uncreamed cottage cheese in three to four percent brine et 45°F,
The cottage cheese thus stored will keep its flavor for two weeksj
but if a weecker solution of salt is used, or stored in water, or
Just dry, it will deteriorate repidly. Willard (58) has suggested

that curd to be stored frozen should be cooked less and should

be salted at the rate of one half‘?f one, to one percent,

Cottage cheese ean also be held in storage in b;ine solution.

Angevine (1) elso advises storage in salt water. Jensen J.M. (19)
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recomnends storage of cottage cheese in a cold room after it is
creamed and salted,

Freezing and Storage

Possibilities of making cottage cheese when the skim milk
is plentiful and then storing it for the elack time of the year
have been long explored, Ellenterger (6,7) in 1919 had
suggested the possibility of storing cottage cheese in a frozen
condition for six to seven months, According to him cheese
held in storage for seven and a half months, from early August
and until April developed a decidedly disagreeable flavor,
On the whole the texture of the cheese was but slightly changed,
Even though higher acidity was not detectable, the flavor
criticiam on the stored cheese was mostly high acid. The
average loss in weight in storage of this cheese was 2,62 percent,

Lucas (22) stated that cottage cheese keeps indefinitely

at freezing temperatures, Parfitt (29) says that cottage cheese
curd can be kept very satisfactorily for a period of six months
if frozen hard in an ice cream storage room and kept frozen
until ready for use, According to Willard (58) crumbly body
is produced on thawing a frozen cottage cheese curd, He also

refers to a patented process of freczing ccttage cheese curd,
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In this process, cottage cheese is prepared by cytting
enzyme coagulated curd at a whey acidity of between 0,25 and
0.45 percent, cooking to obtain a rubbery tough body, freezing
the curd to break down the rubbery body, and thawing to produce
a firm body and smooth textured product, devoid of a chalky,
crumbly, mealy texture,
Effect of light

Light also has an effect on cottage cheese flavor as
shown by Fhillip (54). He conducted an experiment on the effects
of sunlight on creamed and uncreamed cottage cheese stored in
clear glass containers exposed to sunlight. Exposures of one
helf of one to two hours developed flavor defects, Creamed
cottage cheese exposed to the sunlight for one half of.one hour
developed a tallowy odor and flavor, Uncreamed cottage cheese
when given identical treatment, also developed characteristic
and objectionsble flavor defects, Tracy and ReQhe (53) also
state that e disagreeable burnt flavor develops on exposure of
cottage cheese in glass or open containers in either direct or
indirect sunlight,
Effect of Chlorine

Reid and Painter (40) as reported by Mull, Reid and Arbuckle(26

found that the keeping qualities of uncreamed cottage cheese were
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improved 80 percent by rinsing in a chlorine rinse. Their
work indicated that cottage cheese treated with chlorinated
water and subsequently creamed showed deterioration on the four-
teenth day, as compared with the control sample which began to
deteriorate on the seventh day, ‘The storage is usually done in
parchment lined butter tubs (14).
Gelatin in Cottage Cheese

"Addition of gelatin in fractions of one percent improves
the quality of the product", Parker (31), It does not affect
preparation of the curd, and is added with the cream, Gelatin
eliminates the watery eppearance or wheying off by preventing
separation of moisture from the curd. Gelatin also imparts an
impression as if cream of much higher butterfat has been used in
creaming it, If ten percent cream is used in combinatiop with_
gelatin, it will show off as if twenty percent cream were used.
According to him the exsect amount of gelatin used varies from
one fourth to three fourths percent, depending upon the fat content,
In using gelatin in cottage cheese curd its greatest wvalue is
where the curd is made in the spring, frozen and held till sumuer
or fall, The gelatin enables the thawed curd to hold its shape,

80, each individual curd retzins its identity. Parfitt (28)



- 27 =

writes that gelatin is helpful in storage =nd in giving
appearance. It could be added either in ten percent solution
or directly to the creem. It supplies muscle building amino

acid lysin also,
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ORIGIN OF THE PRLSENT STUDY

A review of the methods of manufacturing cottage cheese
show that in a number of the processes, addition of a certain
amount of water at the time of cooking is recommended. In
some processes where addition of water is not mentioned it is
not definitely said to omit it, The addition of this water has
been followed in order to heat the whey initially end thus help
in speeding up the cooking. But there are other effects of this
water addition, It is apparent that‘it dilutes the acid of the
whey and also supplies a large volume of liquid for the curd to
float in (55, 56), but no experimental work is done on the
diluting of the acid or extent of dilution,

There is another feature that comes in the picture as the
quantity of cottage cheese manufactured goes on increasing,

That is of sewage disposal, This fundamental problem of the
deiry industry is also increasing. As it is, the whey given oft
from curd is voluminous enough to create serious sewage problems,
By the addition of water at the time of cooking, the quantity

of whey to be disposed is increased. Thus, it adds to the
sewage disposgl problem if dumped and to the cost of processing

if evaporated, In instances where they must be hauled away for
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disposal it adds to the cost of transportation. The origin
of the present study lies in attempts to solve the problems
mentioned,

Preliminary Studies

The literature on cottage cheese even though it is quite
vast, is directed mostly towards setting up directions for
mamufacturing cottare cheese, while a surprisingly small number
deals with definite experimental work,

Some insight into the effect of rennet on acid development
has been shown by Thurston and Gould (51), They have shown a
rise of titratable acidity with time when different amounts of
starters ranging from one to ten percent were used. The amounts
of rennet used by them were from 0,75 to 3,3 ml per 1000 lbs of
skim milk,

In order to obtain some preliminary information regarding
curd properties of skim milk, studies were made of lots of milk
t0 which various amounts of rennet were added,

T table Acldity and studies

In order to determine the coagulation point of milk set

at 32-339C (90°F) and 25-26°C (70°F) with five percent starter

and using varying concentrations of remmet extract from
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0,0 ml to 1.0 ml of rennet per 1000 pounds of skim milk, the
following procebure was used, This is the short set method,
Experimental: Six beakers of 1 litre capacity each were filled
with a measured quantity (1 litre) of skim milk pasteurized
at 143°F for thirty minutes and five percent starter was
stirred in each, After the starter was thoroughly mixed by
ltirring; the remnet of properly diluted strengths was added

according toAthe followinglschemex

1ot No, M, rennet added per 1000 1bs skim milk
1 0.0
2 0.2
3 0.4
4 0.6
5 0.8
6 1.0

This scheme is used throughout this investigation.

After the rennin was mixed with the milk, the prepared
milk was transferred to small bottles and two sets of such
bottles were obtained, There were thus six bottles in each set.
It was necessary to use the large beakers to facilitate the
remnet addition and to avoid large errors. The bottles were

pPlaced in a constant temperature bath, thermostatically controlled
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at 32-33°C (90°F),

From one set of the bottles changes in pH and titratable
acidity were noted every hour till coagulateds while the second
set was allowed to rest quietly till coaguletedes Curd strength
from the second set of curds was measured by a curd tensiometer,

This was done epproximately thirty minutes after complete
coagulation,

A second series of experiments was done Jjust as above
but with the setting temperature at 25-26°C (70°F), The

titratable Acidity (T.A.) is expressed as percent lactic acid,
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In order to determine the whey acidities the curdled
milk was broken up and the whey given off wes collected after
about fifteen minutes, and was centrifuged in small tubes for
clarification, This clarified whey was used for the determin-

ation of the T,A, and pH of whey,
Table 3., TeA, end pH of whey from milk set at_32-359C (90°F)

and 25-269C (70°F) using five percent starter, -

$

4 s

: t time : Beaker number —_—t
$SETTINGsreq'd to 3 H s H H H t
s temp, tcoagulates 1 3 H 3 H 4 s S s 6 __:
: 3 s 3 $ s s s : ] H s : 3 :
3 H s pH s ToAst pH 3ToArt PH sTeA.s PH 3T,A.s PH 3TeAee -y H
: 3 3 s 3 3 s 3 3 s s 3 T 3 s
$32,50C : 3 ] H H ] H s 1 H L H] ] s
$1(900F) $ 4=6 hrs.34e6 1515 14,6 8449 34,593,451 3446 34505:4,591,51534,6% 52 3
3 3 3 3 s 3 s 3 3 s 3 : s s :
3264,5°C 3 H 3 3 3 s 3 s $ s s s 3 :
3(700F) : 5=7 hrs,:4,811,690 14,TT1,71 14,782sT 144763471 14,803,70 14,834705;
3 ] $ 3 3 H H : s s ] 3 L g
s 3 3 3 H 3 : ] 3 ] 3 H ¢ ] ]

The curd strength was measured from the second set of the bottles
by means of the curdtensiometer, The results obtained are shown in
Table 4, The readings were quite variable but the results shown are an

average of three to five experiments which were in the same vieinity,
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Toble 4= Curd tensions for milk set et 32-32°C contairing
five percent starter end different emounts of remnct.

3 3 3
s Curd strength in 3 Beaker number 3
L] 3 g 3 3 3 3 s
s gns formilk set s___ 1 s 2 s 3 3 4 : S5 3 6 3
s H H 3 g g 3 s
t at 32,5°C, averages7 gms ¢ 5 ¢t 253 2 1 2 325
3 g 3 g 3 3 3 s
] ] g s 3 3 3 s
s curd strength in 3 ] 3 s 3 ] 3
3 ] s 3 : 3 s :
s gms for milk set 3 4 g 3 3 5453 2¢5 3 3¢5 38 55 3
H ’ ) 3 3 H : s 3 3
3 at 25,59C, averages s s 3 3 s :
: g 3 3 g 3 3
Discussion of Resultgs These results show that there is little

difference in the final pH and titratable acidity of milks of
the same series containing varying amounte of remnet, However,
the milk with the highest emount of remnet (Beazker No.6)
which contained 1 ml per 1000 pounds of skim milk, shows a
slightly higher acid development than the rest of the milks
except the first, This may be due ?o the softer curd affording
more freedom to the bacteria to act,

There 18 a slightly higher increase in titratable ecidity

and lower;ng in pH of the finel curds in the series which was
set at 25,5°C than in the series that was set at 32,50C, This

is attributable to the longer time required for coagulation at

the lower tempereture which geve more time for acid production,
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The final acidit;es of the curd and of the whey show
that there is about 0,2 percent ecidity retained in the curd,
There is no difference in the finel pH of the curd and the pH
of the whey. This agrees with the findings of Price and
Kelley (37).

STUDY OF WHEY EXPULSION FROPERTIES

In order to study the amount of whey given off by curd
containing 0,03 0423 Oe43 0.63 0,85 and 1,0 ml of rennet
extract per 1000 pounds of skim milk in a definite time;
the following experiment: was devised,

Experimental- For the purpose of this experiment small amounts

of milk were required, but, in order to facilitate the measurements
of rennet extract, 1000 ml of skim milk in six beakers were prepared
as under titratable acidity end pH measurements,

One hundred ml of this prepared milk was measured out from
each beaker into small beakers (150 ml capacity)e Thus six
samples were obtaineds These small beakers were incubated in
the constant temperesture bath kept at 32-33°C and allowed to
coagulate without disturbing,

Six measuring eylinders and six funnels of the same

size were teken, Six equal pieces of cheese cloth were cut
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and foldedv(threo folds) to fit into the funnels, The size
of each plece wes three square inches after folding. The
cheese cloth pieces were moistened with water before placing
into the funnels, The curd from all the 100 ml milks was first
broken up by stirring in the beakers and then immedietely
voured one by one on the cheese cloth in the centre of the funnel
and the time vas noteds The curd was levelled out in the funnels
by means of a stirring rod if necessary, As much time was not
lost during the operation,the wheying-off could be taken to have
been of curd at 90°F at least for the first fifteen minutes.
The readings were taken every foew minutes as shown in Talle 5
and the amount of whey collected at the time elapsed were noted
for each, '

The cheese cloth was moistened to avoid absorption of the
whey by the clothy but care was taken to see that it was not

dripping with water, The amount of whey collected after fifty=-

five minutes was so insignificant that the amount of whey collected

at the end of the fifty-five minutes has been taken for the
purpoee of this experiment as the total available whey, The

results are an everage of three triels,
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These results clearly show that the curd with the maximum
amount of remmet gives off the maximm amount of whey in the
shortest time, However, the amount of whey given off will always
depend upon the characteristics of the milk useds Within the
first two minutes the one eontaining no rennet has given off
twenty ml of whey while the one containing 1,0 ml rennet heas
given of thirty four ml of whey., At the end of five minutes
almost seventy five percent of the total whey collected was
available from 1,0 ml remnet curde On the basis of the assumption
that the total available whey is collected at the end of fifty
five minutes; at the end of five minutes the whey yield is
approximately 49 percent, 52 percent, 56 percent, 67,0 percent and
75 percent of the total collected whey for curds containing 0,03
0423 Oo43 0063 0,83 =nd 1,0 ml remnet per 1000 pounds of skim
milk respectively, At the end of ten minutes the percentages
are approximetely 66 percent, 68 percent, 72 percent, 82 percent,
85 percent and 87 percent respectively,

Thus it is quite apparent that by the end of the first ten
minutes the cylinder numbers four and five containing whey from
the curd having rennet at the rate of 0,6 and 0,8 ml per 1000

pounds of skim milk are close to the 1.0 ml rennet containing



milk's wheying off speed, There is a clear diatipction noticeable
between curd npmbers one to three end four to sixj the first
being slow, tending toward the properties of curd containing
0.0 ml rennet, while the other group tends towards the
wheying off characteristies of curd containing extract et the
rate of 1,0 ml per thousand pounds of & im milk,
Conclusions

All these preliminery experiments show that curd
conteining remnet extract at the rate of 0,6 ml per 1660 lbs
of skim milk has quite suitstle properties, It gemerates enough
acidity, the time required for setting is comparable to higher
rennet content milk studied here, has a nice soft, compact
curd and gives off enough vhey within ten minutes, It was
decided that in a1l the subsequent experiments rennet at the
rete of 0,6 ml per 1000 pouncs of skim milk should be used,

unless otherwise required,
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THE PROBLLM

The literature survey revealed that little attention
has been peid to the stendardization of ecidity in the menufacture
of cottage cheese, The only work of importance in this direction
hes been done by Mull, Reid and Arbuckle (26)s This work
wvas concerned with stendardizing the acidities of skim milk,
vashwater, cream and storage water used in production end
storage of cottege cheeses No attention has been paid to
standardizing the acidities of the vhey itself, _

Primary ettempts at cooking cottage cheese batches by the
short set method as suggested by Jensen (19) s but cooked in
absence of water was either not satisfactory or feiled completely,
The difficulty encountered involved the production of crumbly
curd with a pronounced tendency to mat together, According to
fhurston and Gould (51) this may be due to high acidity at
cutting, or insufficent rennet content, or there was too rapid
exrulsion of whey from some of the curd, probably due to high
temperature differences between the vat and the jacket,

The short set method was selected because of its advantages
of completing the work faster, as well as the ease of control of
conditions like temperature and arrest of unfavorable

fermentations, But, with this, the short set method also brings



some problems of its own to be faced, especially of quality of
milk and starter.
Scope of Investigation
The present study was designed to determine:
(1)= The effects of standardizine the whey acidity on the
menufacture of cottage cheese,
(2)= The effect of controlling the ages of milk and the starter
on the curd and final product,
(3)= The effect of rate of cooking on cheese making properties,
(4)= Final cooking temperatures of cheese with standardizing
acidity,
(5)= Differences in body, texture, and flavor of final product
when neutralized with caustic soda and lime,
(6)= Possibility of manufacturing a uniform product.
EXPERIMENTAL PROCEDURE
About thirty successful batches of cottage cheese are
reported in this work, In order to have as far as possible near
commercial conditions, fifty gallons of skim milk were used for
every batch in a hundred gallom vat.
The short time, five hour method of manufacture was employed,
Two different methods of cooking were followed according as to

whe ther the batch was to be neutralized (standardized) or was
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to be cooked in presence of water by the standard method (19).
METHOD 1

Fifty gallons of skim milk pasteurized at lh3°F for thirty
minutes were processed into popcorn type cottage cheese in a
hundred gallon stainless steel vat, The milk was‘fleated to
90°F and ten percent starter was added to it, After the starter
was thoroughly mixed with the milk the temperature was adjusted
to 90°F. The water in the jacket was kept at 92-93 F, Fifteem
minutes after the starter was added, rennet eachraci} was added
at the rate of 0,6 ml per 1000 pounds of skim milk, The
concentrated rennet extract was diluted to approximately a
litre with water before adding to the milk, Thusv prepared milk,
was allowed to coagulate, Since coagulation occured in advance
of the acidity that was desired for cutting the coagulum, a
cavity was made in the curd where whey was collected and drawn
off for acid testing, When the titratable acidity reached the
desired value, the curd was cut first hprizontally and then
vertically with half inch cheese harps, After the curd was
cut, the temperature in the water jacket was raised to 100°F
in order to bring the temperature of the curd to 90°F. A £3ll1

of approximately 1o°r occured during the five to six hours
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required for coagulating., After the cheese was cut it was allowed
to stand for fifteen minutes in order to expel the whey and fim
up to some extent., Thurston and Gould (51) also give this period
of time to accomplish the freshly cut surfaces to what they call
® heal up" , After the whey was expelled, the titratable acidity
was again tested, At this step a neutralizer or an acidifier
or both were added if, and as, necessary. The acidity desirable
for best results appeared to be 0.45 to 0,48 percent. The
sotium hydroxide flakes or the calcium hydroxide or concentrated
hydrochloric acid used for these purposes, were mixed with
one gallon of cold water and then sprinkled on the cheese as
evenly as possible, The neutralizer was allowed to act for
twenty to twenty five minutes during which time the curd was
stirred very very gently twice or thrice, At the end of the time
allowed for the action of the neutralizer the aclidity was again
checked, As soon as the desirable acidity was obtained the
cooking was started.

The jacket was heated slowly throughout the cooking period.
A temperature difference of 20—25°F was kept between the jacket
and the vat during cooking, The curd was stirred very carefully
and slowly after each increase of two degrees was obtained in

the cheese.,In order to insure a reasonably standard procedure



of cooking for all batches, the temperature in the jacket was
npt raised till temperatures in all parts of the vat were almost
equal and oonstant, There was alwavs a difference of a degree
or two between the sides and the centre, the sides being hotter,
The jacket temperature was then raised and held there till the
cheese temperature was steady again, This process of heating
was continued till t he cheese was properly cooked, It was
necessary to be very cautious in stirring till the temperature
of the cheese reached 110°F, otherwise the curd particles broke
and uneven cheese resulted, The curd was in most cases

cooked at 116=117°F, The cheese was allowed to stay at this
temperature for fifteen minutes, As soon as the cheese
temperature was reached the maximum the water jacket was drained
off in order to awoid raising the vat temperature beyond this
point, The extent pf cookine was determined bv the firmness
test as suggested bv Hales (1.), Individual cheese cubes were
allowed to drop on the floor from waist heigh, and as soon as
they did not smash upon striking the floor, the cheese was taken
as properly cooked. It toock about one and a half to two hours
to cook the cheese,

After the final fifteen minutes holding period was over,
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the whey was drained off through a gate strainer till sufficient
whey remained to cover the cheese on the bottom of the vat.
This kas two effects;
(1)= It avoids mushing up of the hot curd particles
under their own weight,
(2)= It helps to warm up the first wash water, as
suggested by Gross and Mutten (13) and Manus (23).

The gate valve was closed and cold water allowed to enter
the vat in the quantity equal to the original quantity of milk,
The curd was stirred slowly to wash, then drained completely,

At this time the jacket was filled with cold water. Cold water
was once more run into the vat, this time filling it completely,
The curd was stirred to wash and then kept under cold water for
ten minutes to ensure proper chilling of the curd particles. The
water was drained off and the cheese drainage time was allowed
for twenty five minutes,

After the cheese was drained it was either creamed and salted
or stored dry, When the cheese was creamed and salted in the vat,
the salt was mixed with cream before adding it to the cheese in

order to facilitate salting,



1

at
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METHOD 2

All the steps were done just as in Method 1 except that
at the time of cocking water in quantity equal to thirty two
gallons ( LO percent of the original volume of milk) was added
in place of the neutralizer., Here the temverature difference
between the jacket and the vat was kept at about 50-55°F
otherwise the rate of heating was too slow, The stirring could
be done with less fear of the coagulum breaking, The final
cooking temperature was 120°F. The cooking for each batch was

generally completed after two hours of heating,
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R=SULTS

Acidities reguired at Cutting

In order to effectively standardize whey acidity it was
necessary to determine first the acidity at cutting that would
give best results, Both Methods 1 and 2 were used in obtaining
the results shown in Table 6, In order to secure curd formation
at lower acidities it was necessary to use 1,0 ml of rennet per
1000 pounds of skim milk instead of at the rate of 0,5 ml which
was used for acidities higher than 0.47 percent,

Table 6 also shows the final acidities of whey, i.c.
acidities of whey at the end of cocking and just before draining,
The curd was cut at the acidities of whey shown in the Table and
the cooking started. The body, texture, and flavor of final
product were noted and they were the guides in selecting the
proper whey acidities, Final temperatures of cooking have also
been noted.

These results tend to show that the best whey acidities at
cutting time, for cheese made from normal milk that is to be
cooked with water is in the vicinity of 0,50 to 0,54 percent,
These results are in line with recommendations advised by different

writers, The addition of water reduced the acidity of whey. The

acidities here obtained did not exceed 0,2 percent at the end of
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cooking, These acidities were well in the range of those
where rubbery curds are frequently formed,
¥hen the cheese was cooked without water, the results

show that the coagulup 2.8 cut best at whey acidities ranging
from 0,47 to 0,50 percent, Cheese cooked from a coagulum cut
at these.aciditiea had smooth and creamy texture and the flavor
was gooq. The final vhey acidities at the end of cooking were
0.59 toa,53 percent, At the higher acidities of cutting
(0¢52=-0,55) the curd was crumbly and harde Thus in further
experiments of neutralizaetion acidities of 0,47 to 0,50 percent

were used,

Studies on Rate of Cooking

During the process of manufacturing cottage cheese in
absence of water it was noted in the beginning that the cheese
had a tendency to met together and stick to the bottom, forming
big chunks, This could be avoided if stirred continuously and
vigorously, but that meant shattering the curd particles.

The temperature of the jacket was kept 45=-50°F higher than
the vat when the same procedure was used for cooking cheese in

presence of water, The matting was very well avoided here by
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the much more free stirring permitted by the large volume
of water, It was necessery to determine the rate of cooking
i.e the difference in temperature between the vaet and the

Jacket,
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Experiment on the effect of tempersture difference

between the vat_and the jacket on cooking and the

characteristics of the curd

3 3 s
sTemperature s__Cooking with water 3 Cooking without water 3
8 Difference 3 Rate of 1 Nature of 3 Rate of sNature of ]

oF s cooking s curd s cooking 3 curd 3

3 3 H 3 s

3 s ] 3 3

10 sAlmost nil ssoft,easily: very slow 3 soft H
] scrusehed ] 3 3
H ] 3 ] ]
20 svery slow ssoft and s good ssoft and ]
] sseparate H s separate ]
3 s H ] H
30 s slow ] " s rapid sseparate,but 1

3 ] 3 stendency s

H H ] stoward mat= 3

H ] H] sting. ]

40 s good H " s " seticks to thes

] ] s sbottom of vat:

H H ] sand forms a

3 s ] ssticky mads, 3

50 ¢ rapid stendency & very rapidstoo much ]

] stoward ] ssticking to

] ssticking tos sthe bottom,

3 $the bottom 3 $ H

Pnnnno.u“n“nnuuunu“u“

nditions of experiments

For cooking with water and without waters

Ten percent starter, 0¢6 ml rennin per 1000 pounds of

skim milk, Temperature of setting 90°F,
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These results show that when cooking cottage cheese with
water the temperature difference should be 40 to 50O degrees
Fe while for cooking without water the optimum difference in
temperature between the jacket and the inside of the wat should

be 20-30°F,

Nature of curd as cooking progresses

None of the literature studied presented observations
in regard to the nature of the curd at different stages of
cooking either without water or with watery the process most

used, Here, the 'mormsl curd® has been taken as the curd

obtained from the regularly pasteurized fresh skim milk end
fresh starter, The curd was cut at the aciditiep suggesﬁed
by Table 7 for both the methods Noes 1 end 2 respectively,

The results are reported in Table 8,
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Table 8 [Effect of time and temperzture on the nature of
the normal curd cooked with ond wvithout water.

$ Tempe 3Length of
$ OF, :time held,

t$_cooked wit

H
h_water 3 cooked without wantersRemarks

t s ! Rate of iNature of sRate of tNature ofs
$ 3 $ cooking s curd gcooking tceurd s
t 95 :till the :Progressive, soft jProgressive; soft )
} stemp, in thes : s : :
sdifferent H : s :
! sparts of the: 3 § $ i
3 tvat were : . . :
! 1almost constl : . .
1100 3 * : oo : " .
$ 105 3 " ! {tendency i :slightly s
: s : stoward : § hard %
! :z : smaching $ 3
stogether s : s
$ 110 " 3 s " tcooking
s 3 3 s ! thardness
y 3 s 3 ! senough to,
s s ! 3 ! spermit
3 s s s ! ifaster
: : 3 : : sstirring.
3 s t 3 : sforms :
s 3 : 3 : sclumps
: 3 s 3 s swhich can
3 $ 3 : : geasily be :
s 3 s 3 . 1geparated.,
f115 3 = s sstarted pooking
: s : thardenings | selmost
3 s s 3 s scompleted;
s 117 3 . 3 thalf s ! scooking scookid
Poe 3 gcooked 3 joompletedscurd was
: : : : : . sheld here
* : : = * ' iningtes
$120 , ® : tcooking s : ” W
] s g tscompleted 3 LR
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Table 8 (continued)

Conditions of Experiment

Ten percent starter, 046 ml rennin per 1000 pounds of skim
milke Setting tempersture 90°F. Number of trials reported;

four per each method,

The results here give a good directive as regards the
nature of the curd st different temperatures, Under a particular
set of conditionsj with the sources of milk reasonebly eonstant
and the starter prepared by the same process daily the results
as obtained above should not vary much for a perticular plant.
Thus as soon as a particular temperature is reached any worker
should be reasonably sure of the nature of the curd at that
particular time. Two temperatures were obvious with cooking
in the vheys

(1)= 110°F after which faster stirring and thus rapid

cooking were facilitated.
(2)= 117°F when the cooking should be completed.

120°F was the cooking temperature for cheese cooked with

water dilution,



Studies on Standardization of “hey Acidities

The previous experiments have shown that when cheese
is to be cooked in its own wheys;
1- The best whey acidity to start cooking cheese is
0,47= 0,50 percent,
2= The vat temperature should be 20=30°F lower than the
Jacket tempersature,
3= The fina}lcooking temperature would be in the vicinity
of 117°F,
In order to study the effects of standardizing the whey,
three series of experiments have been conducted here,
l= Coagulum cut at a low acidity and increased in acidity
to the optimum of 0,47~ 0,50 percent by addition of
hydrochloric aci@. In order to secure coagulation
at low acidity 1,00 ml of rennet per 1000 pounds of
skim milk was used,
2= Cutting at higher acidity and reduced downward to the
optimum bys
241 sodium hydroxide
22 calcium hydroxide
3= Cutting at higher ecidity and bringing down to a much

lower acidity by Sodium hydroxide and then bringing up



with hydrochlorie acid.
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Method Noe 1 of Manufacture was used here,

Table 9

Effect of standardizing the whey scidity in various

irections use of acid reductonts and inor ¢ acids
H] H 1 3 ] ] 3 ] [}
tNoo of svhey acidityswhey aciditysAgent 3Body & :Flavor sFinal :Final
ttrials :at cutting sbrought to s used stexture: scookingiwhey
dreporteds 3 3 ) 3 stemp OFsacidity:
s s 3 H 3 ] 3 ] ]
s 2 3064 =442 1 44T=q48 8 HC1 ssticky sslightlysll5-120: $
] ] s ] srubberys flat s ] ]
H ] ] ] ] s s s ]
s 8 3 o592 =455 3 ¢46=,49 s NaOH sesmooth 3Excellentll6=1173,51=¢53%
[ ] ] s screamy 3 s ] ]
] ] ] H ] ] ] ] ]
s 3 3 ¢52 =455 3 ¢46=449 3Ca(0H)os " 3 " 3 2w g LI
] ] ’ 3 ‘ 3 H s H s B 1
s 1 3 52 =¢55 30,4 =442 8 NaOH srubberys Acidic $115-1203,43=,453
] ] ] ] s s 3 H ]
3 3 3 052 @55 3 (46=449 sNaOH & ssmooth 3Excellentll6=1172451=,533
3 ] 3 s HC1 screamy s ] H s
] H 3 3 3 3 3 3 3

Conditions of Experiment:
Ten percent S'te.xj:er. 0e6 ml remmet extract., Setting

temperature 90°F,
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vhen the coagulum was cut at a low acidity of
Oe4 = 0,42 pgrcent and the whey acidity was brought up to the
optimum of 0,47 = 0,50 percent by the gddition of hydrochloric
acid, the resulting cheese was rubbery. The whey acidity thergfore
does not affect the physical properties of the coagulated milk,
The low acidity of the cubed coagulum was unaffected by the
acid surrounding them and the heat that was applied caused the
typical rubbery mess that accompanies that conditipn.

When the vhey acidity at cutting was 052 = 055 percent
and it was brought down to the lower limits of 0.4 = 0,42
percent with acid reductants, it was noted that such curd when cooked
was also rubbery, Here the cheese acidity was considerably
above the limit for rubbery texture, yet, as the whey was
brought within the rubbery texture limit by over-geutralizaxion,
the resulting effect was to form a rubbery cheeses

In e third experiment a combination of ecidity reduction
and acidity incresse was useds The curd was cut at high acidity
( 0,52 = 0,55) the whey brought within lower limits (0s4 = 0.42)
by over neutralizing snd then was brought up to the optimum
acidity (0e46 = 0.49) by the addition of hydrochloric acid,

and cookede The result was a fine, creamy textured cheese with

SRS
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excellent flavor, These experiments clearly show the
importance of keeping both vhey acidities as well as the
acidities of curd particles above 0,42 percent (best vithin
0e45 = 0,5) if a rubbery curd is to be avoided. The results
in Table 6 have shown the effects of higher acidities of
0652 to 0,56,

A further series of experiments were conducted using
various acid reductants. The curd was cut at higher ecidity,
0652 to 0455 percent end then neutrelized to the optimum
acidities. Both sodium hydroxide and calcium hydroxide were
useds By bringing dowvn the acidity to the optimum 0,46 to 0.49
percent a fine product was obtesined from bothe No difference in
the body, texture and flavor of the cheese obtained with caustic
soda and lime as acid reducing sgents wves noticeds The caustic
sode would thus be prefereble to use beczuse of its easy
s0lubility necessitating less stirring, vhich meens a more
uniform product. Besides, es most of the salis from neutralizing
are to be washed ewey caustic soda would be prefereble because

of higher solubility of sodium compounds than of Calcium comppunds,
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The resukts of these experiments are thus quite
significant, If the curd hzs been cut et e sufficiently
high eacidity it can be brouzht to the optimum acidity of
0445 to 0,49 percent by eny of the neutralizing methqu used
here without adverse effects on the resulting cheese,

Effects of Age of milk end sge of sterter

It is not alweys possible to get a fresh supply of milk
end a fresh supply of starter, which ere ideal for making a
good quality cottage cheese., It was thus thought asdvisable to
note the effect of sges of milk and starter on the curd, end the
cheese obtained from it, These observations were made as a
rart of the other experiments that have been reported here,

The results are summarized in Table 10,

" A
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Teble 10 Effect of ege of milk and spge of starter on

curdling time, noture of the curd, and the nature

of the cheese

H H 3 3 3 3
tNoe of 13Age of 3Age of 3 Curdling :Nature of thesBody end

s triels 3 milk sstarter 3 <time s ourd stexture of
sreporteds 3 3 ] gt cheese

3 3 3 H 3 3

H ] 3 : : :

$ 12 s fresh 3 fresh 3 4=6 hrs ssmooth, sExcellent
] s . 3 ] ¢ compact 3

] H H I ] s

] 5 sone deys fresh s 5-6 hres svery slight s Irregular
H H 3 H t gassy H

3 5 s fresh sone day s 5-7 hrs 3 . tvery “

H 3 H 3 s :

] 5 sone deyione day s 6-8 hrs 3gassy open ¢ ™ "

H 3 3 s H 3

3 2 s fresh stwo dvyss 6=9 hrs 3 " s " "

H s H H ] 3

s 1l stwo daystwo dayss 7=10 hrs svery gassy sbreasks down
g 3 ] ] sand open tto fine

3 ] ] H ] sparticles
H 3 3 3 $ H

nditions of experiment:
Ten percent startere 0.6 ml rennin per 1000 pounds of

milk, Setting temperature 90°F. Cooked vithout addition

of water,

G0 00 00 00 90 00 00 00 00 00 00 00 00 B0 OO 00 00 0 00 90
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The few betches studied here have shown that excellent
results were obtained when fresh milk and fresh starter
combination was used in preparing the cottage cheese. As long
as one of them was fresh and the other a day old satisfactory
results vwere obtained, but as the eges went beyond that,
adverse effects on the cottage cheese production were epparent,

A two day old milk with a two day old siarter was impossible

to cook into en acceptable pop=corn type cottage cheese,
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DISCUSSION
Cottage cheese of good quality could be produced with
cooking in the whey only. It is customary to cook cheese

with addition of water because of the initial heating that

could be obtained by adcition of hot water and also the free stirring

provided by the ;arge volume of liquid media available for the
curd to float in, The water 2lso dilutes the whey acidity.
According to Table 6 ﬁhe acidity of whey et the end of
cooking did not go above 0,2 percent when 40,0 percent water
vas used for cooking, The finel whey acidity for cheese cooked
in its own vhey was 0,57 percent (maximum) under the conditions
of the experiment, The proper whey acidities for cutting a
coagulum in order to obtain a cottage cheese with smooth creamy
texture and good flavor, cooked with and without water were
found to be 0,52 percent to 0,54 percent and 0,47 to 0,50
percent respectively, If a coagulum was cut at acidities of
0.40 to 0,42 percent the resulting curd after cooking was rubbery,
In the case of cottage_cheeae that was made by cutting at higher
acidities of 0,52 to 0,54 percent and by cooking in absence of
water, the curd was crumbly and hard end had quite an acidic

flavore The final temperasture obtained during cooking increases

L
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as the whey acidity at cutting is increased. Thus for a

cottage cheese to be cooked without resorting to water dilution
the coagulum should be cut when the whey acidities reach
0.47 to 0,50 percent,

Heating the coagulum after cooking is resorted to fim
the curd particles by facilitating rapid whey expulsion, In
order to avoid over heating of coagulum and as a result too

rapid whey expulsion from a few curd particles in contact with

the sides of the jacket, it is necessary to stir the whole mass;
otherwise they would form a matted mass and have a tendency to

stick to the bottom of the vat, The stirring also helps in

transferring heat to tho_rest of the bulk and thus increase the
rate of temperature rise, But the stirring has to be done very
carefully as the coagulum at the beginning (till temperature
reaches 110°F ) is very soft and is liable to be crushed. Thus
when curd is cooked in presence of added water, higher rate of
wooking could be used because the large liquid medium would

permit stronger and faster stirring, The same rate of heating
could not be used when cooking cheese in its own whey because

of the large mass of coagulum floating in a small quantity of the

whey, Any attempt at stirring faster here meant breaking down

L
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the 'popcorn' curd particles, Table 8 shows the nature of

the curd at different temperatures between water in the Jacket
and the whey in the vat, While a difference of 40 - 50°F

was suitable for cooking in presence of added water, only

20=- 30°F difference was found suitable for cooking in absence
of water, At this rate of heating quite an even cottage cheese
was obteined,

As the cooking progresses the cubes become firmer and firmer

and when the temperature reaches approximately 112-115°F,when 3
cooking with water and 110°F when cooking in the whey only, the
curd particles have hardened enough to permit faster and more
frequent stirrings without the fear of shattering the cubes
completely,
Acidity of the vhey at the time of cutting plays en
important pgrt in determining the quality of final product to
be obtaineds From the experiment (Table 6) it was observed
that for the cheese to be cooked in absence of added water,
the desirable whey acidities at cutting time were 0,46-0,49

percent, This acidity could be attained either by keeping
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a close track of the acid development in the cozgulum or by
standardization after cutting a firm coagulum at any acidity,

Table 9 shows that if the coagulum is cut at O.4 = 0.42 percent
acidities and then the whey brought up to the optimum acidity of
Oo4b = 0,49 percent the resulting cheese curd is rubbery,

The acidification of whey while changing acidity of the surrounding
curd, is not capable of charging the nature of the curd which
remains more of a rennet curd, If the coagulum is cut at higher
acidities of 0,52 = 0,55 percent and then brought down by
neutralization to 0,46 - 0,49 a very good final product was
obtained, But if the whey was over-neutralized to 0.4 - 0,42 percent
acidity a rubbery curd resulted on cooking. Now when the over=
neutralized whey was acidified and brought to the optimum acidity
of 0,46 = 0,49 and then cooked a very good cottage cheese

pesulted, These results tend to indicate that first z rennet

type coagulum i$ formed which converts into acid type as the
acidity is allowed to increase without cutting the coagulum.

A rennet type coagulum could not be brought to acid type after
cutting simply by acidifying the whey; but a coegulum advanced

in acidity could be brought down to rennet type curd by

neutralizing the whey, If an over-neutralized whey is acidified

fae
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the original curd is got becke The optimum acidity of
0e45 to 0049 can be said to show a balance point between
rennet type curd and acid type curde, No difference in the
action of lime and caustic soda was noticeable.

These results show that with this method of ?hey
standardization and_of cooking employed, 2 product reasonably
standerd in body, texture and flavor was obtained with different
skim milks, Thus successful production of comparable quality
cottage cheese by cooking in absence of added water would help
the dairy industry by ngt complicating the already existing

sewage disposal problem,
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SNMARY AND CONCIUSTONS

Rennet at the rate of 0,6 ml per 1000 pounds of skim
milk was found to be the suitable amount of rennin to
use for the short set method employed.

For the cheese to be cooked w@thout water, the optimum
vhey acidity at cutting was 0447 to 0,50 percent,

For the cheese to be cooked with water, the acidities of
whey at cutting were found to be 0,50 to 0.54 percent,
The difference in temperature between the vat and the
Jacket for cheese to be cooked without water should be
20 = 30°F for a reasonably rapid rate of cooking without
harming the body and texture of the curd.

The finel cooking temperature attained ?or cheese to

be cooked in its own vhey wes 116-118°F,

There was no difference noticed in the action of caustic

soda or lime neutralizer,

A fige cheese could be obtained by cutting at whey acidity

of 0,52 = 0,55 percent end then neutralizing to 0.,47-0,49
percent of whey acidity,

A rubbery cheese is obtained if cut at whey acidity of
Oe4 =0,42 percent and then the vhey acidity brought to

the optimum by the ‘addition of hydrochloric acid,

T "
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A rubbery curd also resulted if the curd was cut

at 0452= 0455 percgnt whey &cidity and then the‘whey
acldity over neutralized to 0.4 percent or less,

A good quality cottage cheese resulted if cut at high
acidity, overneutralized, and then reacidified with HC1
to optimum acidity.

Whey acidity as well as the acidity of whey at cutting
were noticed to be important,

Fresh milk and fresh starter gave the best results,
Vhen either the milk or starter was one day old and the
other fresh, good cottage cheese was produced,

Two day old milk and two day old starter gave a highly
gassy curd which was impossible to cook into cottage cheese

of the type that was attempted to manufacture here,
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Arpendix 1
METHOD FOR MANUFACTURING COTTAGE CHELSE BY SHORT=-SET METHOD,

UTILIZING STANDARDIZATION OF WHEY ACIDITY AND COOKING IN ITS

OWN WHEY

(1)= Teke fresh skim milk pasteurized at 143°F for thirty
minutes, heat it up to 90°F and add ten percent fresh
starter to it, Mix the starter thoroughly with it.

(2)= After fifteen minutes after adding etarter add rennet
at the rate of 0,6 ml per 1009 pounds of skim milk,
dlluted with a quart of weter, Mix the remmet with slow
stirring and ;ong enough to ensure proper dispersion
of the enzyme, -

(3)= Bring the temperature to 90°F if lowered and let stand
till coagulated,

(4)= Cut the curd (see appendix 3 for directions).first
horizontally and then verticelly when the whey acidity es
tested is between 0,5 and 0454 percent,

(5)= As soon as the curd is cut, heat the jacket to 100°F,

this will bring the temperature of the curd slowly to 90°F,
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Dissolve Caustic Soda (About 30 grams for 50 gallons of
skim milk used) in a gallon of water and add sufficient
to bring the whey acidity to O.45= O0.48 percent., If the
acidity is still more add till tests to the requirement;
if less than the required, acidify with hydrochloric acid
to the right extent, Mix by slow stirring. Let stand
for twenty minutes with occasional stirring,

Start cooking., Keep the difference in temperature between

the vat and jacket at 20=- 30°F, Stir occasionally and
slowly,

When the temperature has reached 110°F the cheese would
have hardened enough to permit faster stirring,

At 115°F start testing the extent of firming by dropping

a flake on the ground.

(10)= Heat till 117°F is reached. Then drain off the jacket and

let stand the whey at 117°F for fifteen minutes.

(11)=- Drain off the whey till just enough remains to cover all

the cheese and the bottom.

(12)~ Add cold water in amounts approximately equal to the amount

of original skim milk, Let stand for five minutes with occasional

stirring. Drain off. Start running cold water through

the Jacket,
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(13)= Add cold weter to the cheese- as cold as possible,
Fill up the vat, Let stand for ten minutes with
stirring to wash all cheese thoroughly as well as
chill them, Drain off the water,

(14)= Lef the curd drain,

(15)- Crcem end salt if to be used immediately or the next
daye. Otherwise, store dry in parchment lined tins in

a cold storage, if to be used within two or three dayse

Cream and selt at the time of using,
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Arrendix 2

A SUGGESTED COTTAGL CHLESE DATA SHERT

Vilk

——

Pasteurization ¢ o ¢ ¢ ¢ ¢ o ¢ ¢ o AGQOflﬁlkoooooooo
Gellons 0f Milk o ¢ o ¢ ¢ ¢ ¢ o o o Founds of Vilk o o o o o o o

Pounds of Startere « o o ¢« ¢ ¢ ¢ o ASQOfS't&ItGI'oooooco

Setting Temperature o« o o « ¢« « o o Amount of rennet ¢ ¢ o o o o

Acidity at setting « « ¢« o ¢ ¢« ¢ o Percent of Starter ¢« ¢« ¢ « &

Time vhen 86t ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o Gallons of Starter « ¢ o« o o
Cutting

Time when cut o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o Aciditya‘tcutting.....

Temperature when cut « o ¢ ¢« o ¢ o o Hours to set ¢ o ¢ ¢ ¢ ¢ o

Acidity after neutralization ¢ o« ¢ o Neutralizer used « ¢ ¢ o o o

Cooking

Cooking Started « o o o ¢ o o ¢ o ¢ Cooking Completed « ¢ o o o o
Final whey 2cidity o« o« o ¢ ¢ ¢ o o o Hours 10 cook ¢ ¢« ¢ ¢« o ¢ oo
Highest cooking tempe o ¢ o o ¢ o o

Weshing
Times washed o e o ¢ ¢ o« « o« o« ¢ ¢ Total gallons of water used
Drainage time o ¢ ¢« ¢ ¢ ¢ o o o o for washing ¢ o ¢ « ¢ ¢ ¢ o«

Finol tempe of cheese o o o o

Creaming and saltin

Pounds of cheese used ¢ o« o« o o o ¢ Test of crecm o« o o o ¢ o oo
Poundsofsalt......-...‘.Percentofsalt.......
Actual pounds of cottage cheese o o Flavor, body, texture « « o« .
Percent yield « ¢ ¢« « ¢ ¢ ¢ ¢ ¢ o« o Percent butterfat in

creamed CheesSe o o ¢ ¢ ¢ o o

Cost

Cost 0f MIlk ¢ ¢ ¢ ¢ ¢ ¢« ¢« ¢ ¢ ¢ ¢ o« Cost of Starter « o ¢ ¢ o o«
Value of cheese ¢ ¢ ¢ ¢ ¢ ¢ o o Cost of cream o o o o o o o o
Packaging date ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o Groes g2IN o o ¢ o ¢ o o o e
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Appendix 3

METHOP OF CUTTING COTTAGE CHE:ZSE AS SUGGESTED BY HALES (14)

"First, the horizontal knife is used to cut the curd
lengthwise of the vat, The top of the knife is held on the end
of the vaet, vhile the other end is swung dowvm through the curd
snd brought to rest in sn upright position against the wall of
the vat, In an upright position, the knife is drawvn the full length
of the vat, It is then rotated on its cutting edge end lined
up so that i1t is in the proper position for making enother cut
directly beside the preceding one. Agein the knife 1is drawn the
full length of the vat and the operestion described above is
continmued until lengthwise cutting of the curd is completeds

_The vertical knife is now used for the remaining cutting of the
curde Standing at one sidq of the vat, the cheese-maker places
the cutting end of the knife just above the curdAon the opposite
sides He then pushes the knife downward with the cutting end
sliding down the side of the vat until it strikes the bottom,.
During this operation the knife is held at ebout a 35 degree
angle in respect to the side of the wvat orrosite the omne from vhich
the cheese~meker is standinge After the knife has been pushed
downward, it is straightened up agesinst the side of the vat

and in this position drawn across snd removed from the curd,

P AT BT G eI
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This operation is repeated as mony times as required.
Following this operation curd is cut lengthwise with the

same knife and in the same menner es it was cut crossvise.™
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