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ABSTRACT

UTILIZATION OF DRIED CHEESE®
IN THE MANUFACTURE
OF PROCESS CHEESE

by N. Dale Finch

A study was conducted to determine the physical and
chemical properties of process cheese made from dehydrated
Cheddar cheese. Formulations for such a product made from
foam-spray dried or freeze-dried Cheddar cheese were eva-
luated. Dried cheese and water (and emulsifier, salt;
flavoring materials and natural Cheddar cheese, when used)
were‘mixed together in a steam jacketed vessel. The ingre-
dients were pasteurized under constant stirring at 150°F for
a holding time of 30 to 60 seconds. The hot cheese was
packaged in polystyrene containers and stored at 4LO°F or
at 70° to 80°F,.

Process cheese made from 75 per cent foam-spray dried
mild Cheddar cheese and 25 per cent of the aged product
similarly dried possessed rather good body and flavor
characteristics. The melting quality and body firmness
of process cheese can be improved slightly by cooling the
freshly prepared product to 4O°F rather than to 70° to 80°F,
Process cheese made with 3 per cent emulsifier (sodium
citrate, sodium aluminum phosphate, or disodium phosphate)
was preferred over cheese maae with higher percentages.
Commercial flavor fortifiers or condiments were successful

in improving the flavor of process cheese made from



N. Dale Finch

foam-spray dried cheese. However, organic acids; leucine;
methionine, ethyl butyrate, 2-heptanone, methyl sulfide,
and hydrogen sulfide individually were of relatively little
value in this respect. The flavor of process cheese made
from foam-spray dried cheese containing blhe-veined cheese
was preferred over cheese processed without this product.
The food product made by combinihg natural and foam-spray
dried Cheddar cheese has properties superior to those of
process cheese made solely from the dehydrated cheese.
Freeze-dried cheese can be used to produce a process
cheese comparable to the product made from natural cheese.
The flavor and physical properties of such a cheese are
good. High quantities of natural cheese can be replaced
with an equivalent amount of the freeze-dried cheese without
adversely affecting the properties of the finished product.
Low, and comparable, bacterial counts were obtained on
process cheese manufactured from foam-spray dried, freeze-

dried, and natural Cheddar cheese.
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INTRODUCTION

Cheese is a very important part of the American diet.
In 1964, the United States per capita consumption of all
varieties including cottage cheese was 13.9 pounds. Today,
approximately 12.3 per cent of the total United States milk
production is utilized in the manufacture of cheese.

Process cheese was introduced into this country in 1916.
Since then the consumption of process cheese has increased
steadily, and now about 35 per cent of the domestic natural
cheese is used in the production of this product.

}Easily.prepared food products that can be stored at
room temperature are becoming a basic part of our every-
day lives. Various kinds of dehydrated food mixes.can be
found in all supermarkets. Many housewives consider them
indispensable in the preparation of meals.

For centuries, dehydrated cheese has been produced
throughout the world. However, the uses of dried cheese have
been limited to such products as bases for chip dips,
sauces, gravies, salad dressings, and soups; or directly,
as a garnishing for foods.

"The research studies reported herein were undertaken
not only to determine if a desirable process cheese could be
made from dried cheese, but also to study formulations for
this product, and to evaluate the acceptability of various

flavor additives for use in such a process cheese.



REVIEW OF LITERATURE

Process cheese has been produced in the United States
for approximately 50 years (Bauertal, 1932a). The tremen-
dous success that process cheese has had during these years
is due to several factors: a) mild flavor, b) smooth texture,
c) excellent slicing and melting properties, and d) uniformity
(Sommer and Templeton, 1939). If the present populapion
trends continue and if the amount of milk available for
the production of natural cheese continues to decrease,
the importance of process cheese in total milk utilization
is likely to increase (Wearmouth; 1959).

For many years natural cheese, manufactured through-
out the world, has been dried. In the last decade, consid-
erable emphasis has been directed to the problems of theory,
technology; and economics of dried cheese (Bohég; 1957).

Dried cheese has many uses. With the advent of "convenience
foods," the demand for this product has increased (Bradley
and Stine, 1963). This food product has a high caloric

value, is easily digested, is rich in protein and fat, and

is fairly stable under normal conditions of storage (Makar'in;

1959).

Manufacture of Process Cheese

Process cheese is the modified cheese prepared by
mixing and heating several different lots of cheese. Water,

salt, emulsifying salts, color, and seasoning are the






optional ingredients that may be added (Van Slyke and
Price, 1952). Swiss was the first hard cheese to be
processed (Bauertal, 1932a). Later, Cheddar, Gouda; Tilsit,
Gruyere, and, finally, soft cheese were used in making
process cheese (Bauertal, 1932a). Van Slyke and Price (1952)
reported Cheddar cheese as the variety most commonly processed
in the United States; however, Swiss, Limburger; Brick, and
siﬁilar varieties are also used. The German Kochkﬁse; the
Belgian and French Canquillote, the French and Swiss fondue,
ana the Welsh rarebit were suggested by Sommer and Templeton
(1939) to be forerunners of this product.

Bauertal (1932a), in an abstract on process cheese;‘noted
that this product was first manufactured in Switzerland
at the beginning of the twentieth century. From 1905 to
1911, a Swiss factory worked out a completely new method of
preserving cheese; which resulted in the manufacture of
pasteurized cheese. The cheese was originally cal}ed "box
cheese." After World War I process cheese manufacture spread
rapidly throughout Europe. The first United States patent
on process cheese was issued in 1916,

The intent in processing cheese is to produce a
finished product that has sufficient fluidity for convenient
packaging and which possesses long keeping qualities (Wilster,
1955). The pasteurization process, in combination with low
storage temperatures, slows down further ripening (Sommer
and Templeton, 1939). Sommer and Templeton (1939) summarized

the steps in the processing of cheese as follows: a) choosing



the proper cheese; b) trimming and grinding; c) pasteurizing
the cheese and ingredients; and d) packing the hot, finished

product.

Selection and blending of natural cheese. The selection of

cheese for processing is the first essential step in the
manufacture of process cheese (Bauertal, 1932). Hard
varieties of cheese are the most common varieties used for
processing. Cheddar cheese is the variety most often used
for processing in the English speaking countries; and Swiss
cheese is chiefly used on the European continent.

Old cheese alone is not suitable for processing because
the final product will have a loose and grainy texture and
will be subject to fat separation during processing and
packaging. The chief function of old cheese is to'impart
satisfactory flavor to the process cheese. Young cheese,
if used as the total cheese supply, will yielq a pyoduct
of firm body; smooth texture, and mild flavor. Thﬁs;
young cheese is used for its desirable texture, bogy; and
slicing properties. In order to produce a process}cheese
of desirable body and flavor characteristics, old cheese
must be blended with young cheese (Jackson and Wearmouth,
1959).

Blending is the operation of selecting the cheese that
will make up a batch or blend. OSelection requires much
technical skill and experience. The factors determining

the selection for the blend are the age, acidity, flavor,



texture, body, and composition of the lots of cheese
available (Templeton and Sommer, 1930). Normally; very
large stockpiles of natural cheese are kept in storage for
selection by the blender (Barker, 1942a). Van Slyke and
Price (1952) recommended using 20 to 30 vat lots; and these
combinations frequently represent as many differenp factories
as there are lots of cheese in the blend. Barker (1939)
reported cheese from at least five factories is required to
blend cheese successfully. Zakariasen (1952) indicated that
succéssful blending requires at least three and offen up to
12 different kinds of bulk cheese.

The importance of the quality of the cheese used has
been discussed by Kierkegaard et al. (1952). Generally;
approximately 75 per cent of the cheese used for prgcessing
will be under three months of age, whereas the remainder will
be from 6§ to 12 months old. Templeton and Sommer (1930)
obtained good results in procesé cheese manufacture by
using cheese averaging 4 to 7 months of age.

A batch formulated by Barker (l9hla); consisting of 70
per cent short-held (1 to 3 months) or short-held plus storage
(about 6 months) cheese, had a smooth texture. This batch.
should contain also 15 per cent "acid" cheese (curq drippings
should test at least 0.9 per cent lactic acid before salting),
shorﬁ;held, and be at least & weeks old; the remaining 15
per éent should be "current" cheese (fresh made cheese).

When acid current cheese was used, color defects were noted



by Zakariasen (1952) and Barker (194la). Zakariasen (1952)
also reported that a typical American batch of process cheese
should contain mostly short-held (1 to 6 months) cheese.
Barker (1947a) recommended that 30 to 4O per cent of the
natural cheese used should be on the "acid" side and the
rest on the "sweet" side (curd drippings should test 0.6
per cent lactic acid before salting). He reported that
cheese stored at 60°F for 1 month will produce a product with
excellent flavor and thereby eliminate the need for cheése
older than 1 month for process cheese making.
The process cheese industry has now developed methods
to produce cheese especially for processing. Kraft-and
Ward (1956) produced cheese that is ready for processing
two days after manufacture. The cheese curd is soaked in a
lactic acid solution and heated to 102° to 110°F for six to
4LO minutes. The curd is then drained, washed with cool
water, salted, hooped, and finally pressed. The finished
product is stored for two days at 42°F, and after Fhis period
the ¢heese is réady for processing. Another procedure for
ménufacturing cheese for process cheese has been developed
by Klimovskii (1954).
Defective cheese may be used in limited amounts for
process cheese manufacture. Barker (1947a) advised using
hbé greater than 1 to 2 per cent gassy or off-flavored cheese.
0'Shea (1954) noted that inferior cheese could be blended

with good cheese if not more than 5 per cent of the former



cheese were used. However, he stated that putrid cheese
should never be used because even 1 per cent is detectable
in the finished cheese.

Another problem of blending is selecting cheese of the
right composition, so that the process cheese made from
this cheese will be within the limits of the standards
set by the Federal Food and Drug Administration. Process
cheese may contain not greater than 1 per cent moisture
above that of the natural cheese from which the process
cheese was made. The butterfat content of process Cheddar
cheese must be not less than 50 per cent of dry matter. As
noted by Wilster (1955), salt, emulsifying agents, and the
flavor materials do not increase the fat content but do add
to the dry weight. Therefore, the cheese selected must have
a high enough fat content to yield a product with the legal
butterfat content. Sommer and Templeton (1939) and Barkan
(1939) reported procedures for standardizing the blends

of cheese for processing.

Emuléifying salts. The choice of emulsifying agents has

been discussed by many workers (Templeton and Sommer,
1930, 1932a, 1936; Sommer and Templeton, 1939; Palmer and
Sly, 1943; Faivre, 1946; Khmelev, 1952; Bohag, 1956;
Jackson and Wearmouth, 1959; Wearmouth, 1959; Schulz and
Hetzel, 1960). Emulsifying agents are used in the manu-
facturing of process cheese, at levels of 2 to 4 per cent,

to prevent butterfat separation during the heating operations



(Palmer and Sly, 1943). Some blends of cheese can be
processed without using emulsifying agents, but they generally
do not have as desirable melting and slicing properties as
cheese produced using these salts. Process cheese produced
without emulsifying salts have been studied by Wilster
(1955) and found to be grainy in texture and weak in body.
Barker (194la) indicated that too much emulsifier would
produce a coarse, stiff finished product.

Templeton and Sommer (1930) stated that sodium citrate
yielqed'a cheese with a firmer body than phosphates, thé
latter causing a less firm body with increasing percentages
of the salt used. These workers, comparing two forms of
sodium citrate (2Na3CgH507¢11H20 and Na3CgH50,%2H,0), were
unable to detect any appreciable difference in the action
of the two salts. Later these (1932a) reported that the
use of Rochelle salt produced the firmest body as compared
with disodium phosphate and sodium citrate.

The use of emulsifiers makes the selection of cheese
for the blend less critical. Sommer and Templeton (1939)
stated that the flavor, texture, remelting properties, and
costs are the important considerations that should be made
when choosing an emulsifying salt. They also reported that
emulsifying salts affect the protein directly and the fgt
only indirectly. The emulsifying salt chosen must be a
good cheese protein solvent and must produce a viscous

emulsion.



Habicht (1934) concluded that an emulsifying salt with
an alkaline monovalent cation and a polyvalent anion would
be the ideal salt. Previously, Habicht (1933) found the
emulsifying properties of sodium acetate, disodium tartrate,
and trisodium citrate to be 1:20:100 respectively. Lithium
and potassium (monovalent, alkaline cations), when incorpo-
rated into a process cheese, cause a peculiar and character-
istic off flavor. Templeton and Sommer (1936) reported that
European investigators had found sodium citrate to be the
most satisfactory emulsifier.

On the basis of flavor, Templeton and Sommer (1936)
found sodium salts superior to ammonium salts when used in
making process cheese. Habicht (1934) suggested that partial
saponification between the cation of the salt and the free
fatty acids took place. Also, the anion combined with“the
casein to envelop the fat, thereby preventing fat loss from
the cheese.

Several salts have been suggested as possible emulsi-
fying salts, but relatively few have been used in commercial
practice. Templeton and Sommer (1936) found levels of
potassium citrate greater than 3 per cent to be detrimental
to the flavor of the cheese. Also process cheese made with
sodigm citrate showed a decrease in fat loss as the
emglsifiér content was increased; with pyrophosphate the
faé loss increased slightly.

Templeton and Sommer (1936) noted that 3 per cent or
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more of phosphates caused an unpleasant aroma in the cheese.
Metaphosphate and pyrophosphate emulsifiers yielded cheese
of poor melting quality. They concluded "no emulsifier is
superior to sodium citrate, and it is very doubtful if any
of them is equal to sodium citrate when all the factors

are considered."

Palmer and Sly (1943) concluded that sodium citrate or
a sodium citrate-phosphate blend was the most satisfactory
emulsifying salt in the manufacture of process cheese,

Boh&¥ (1956) claimed that a better flavor and color can
be produced in process cheese using citrates as the emulsi-
fying agents. He further stated that phosphates permit more
water to be incorporated in the cheese without adversely
affecting the body of the cheese. He suggested the use of
aﬁmonium phosphate if prolonged liquefaction were desired for
ease}of pumping and handling in spray or roller drying.

In a comprehensive study on the emulsifying salts,
Faivre (1946) reported polyphosphates produced the "aroma
of natural cheese in all its fullness." He indicated that
the amount of "salt of fusion" (emulsifier) needed will
vary between 1.5 to 3.0 per cent.

Khmelev (1952) noted that disodium phosphate, although
a good emulsifying salt, corroded aluminum foil. He
advised against the use of sodium-potassium tartrate beéause
crjstals of tartrate were likely to form in the cheese upon

storage. Sommer (1930) discussed this defect of process
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cheese in great detail. The use of sodium pyrophosphate
at levels less than 2 per cent has been recommended by
Khmelev (1952). This worker, as did Palmer and Sly (1944),
found sodium citrate to be very satisfactory as an emulsi-
fying salt.

Roland (1951) obtained a United States patent for the
use of water-insoluble crystalline sodium or potassium
metaphosphate with sufficient quantities of an alkali metal,
(calcium or magnesium salt) to bring the metaphosphate into
solution. Patented blends of various emulsifying salts are

used in the industry today.

Flavoring agents. In addition to natural cheese and emul-

sifying salts, condiments are also sometimes used in the
manufacture of process cheese. Walberg and Lucas (1943)
investigated the potential of pimiento, green chili, pickle
relish, stuffed olives, cottage cheese, caraway seeds,

sage, pineapple, pickled onions, mustard pickle, pecan
meaﬁs, and walnut meats in process cheese. They found |
pimiento, green chili, stuffed olives, and sage to be the
most satisfactory condiments for this purpose. These
workers stated that other flavoring agents might have proved
satisfactory if proper levels had been established. Process
cheese made with caraway, pecan, and walnut were nbt very
asthgtic because the cheese looked as if non-food material
had been incorporated in the product. Pecan and walnut

meats produced a cheese with undesirable flavor.
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Sadokova (1948) reported that the addition of 10 per
cent oat protein to process cheese improved the flavor and
consistency of the product. Bauertal (1932b) suggested using
spices and seasoning materials such as salt, caraway, nutmeg,

porret, and clove in process cheese.

Processing. After the cheese, emulsifiers, and spices or

seasoning have been selected, the next step is the actual
processing of these materials. Before trimming and grinding,
Barker (1939) advised that the cheese should be stored at
70°F for 72 hours to allow the cheese to temper throughout.
Cheese tempered to 70°F can be trimmed and ground easily and
éffiéiently. The first operation in processing is the
trimming and grinding of the cheese. Wilster (1955) stated
that the dry rind does not have to be removed completely
because processing will eliminate this condition. Baue:tal
(1932b) recommended that mold and bacterial growth be removed
béfore processing. The ground cheese is put into the cheese
kettle and emulsifiers, salt, water, and color are added.

The amount of emulsifier is generally determined by making
small trial batches, as recommended by Bauertal (l932b) and
Van Slyke and Price (1952).

Water is added to insure the proper body and texture,
while salt is added to enhance the flavor (Barker, 194la).
Tempieton and Sommer (1932a) studied the effects of salﬁ
édditions up to 2 per cent on properties of process cheese.

They found that increasing salt levels caused weaker body



13

and higher fat loss. They also noted that salty flavor became
objectionable at salt concentrations above 1 per cent.

Cheese made with 3 per cent emulsifier and 2 per cent salt

did not have the defects of cheese containing 2 per cent
emulsifier and 2 per cent salt.

The heat may be applied by direct steam or by means of
a steam jacketed kettle. According to Barker (1940c),
direct steam methods cut processing time to one third when
compared to other methods. However the quality of the cheese
thus produced was not as good as that obtained by indirect
heating. He also stated that most firms use direct steam
because it is cheaper. Bauertal (1932b) indicated that lower
temperatures are used when using steam jacketed kettles‘
without vacuum than with direct steam and vacuum. Barkér
(1946) reported that continuous agitation and stirring
during processing is essential.

Templeton and Sommer (1932a) summarized the factors
affecting the body and texturg.of process cheese as follows:
a) emulsifiers; b) processing temperature; c¢) moisture
content; d) reaction (pH and titratable acidity); e)
age of the cheese used; f) salt content; and g) casein-to-
fat ratio. To attain optimal body in the finished cheese,

PH must be maintained between 5.6 to 6.1, or a titratable
acidity of 1.1 to 1.8 per cent, calculated as lactic acid.
They noted that high moisture process cheese had é weak
body, whereas low moisture process cheese was dry, brittle,

and firm. The body firmness of the process cheese decreased
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with increasing age of the cheese from which this product

was made. The body of the natural cheese also became

weaker with increases in fat content. A low rétio of casein-
to-fat produced a weak process cheese,.

Bauertal (1932b, 1932d) stated that the temperature of
processing ranged from 140° to 160°F. Sommer and Templeton
(1939) recommended 150°F for no holding time for proceés
cheese and 160° to 170°F for soft cheese and cheese spreads.
They also reported that high moisture content and low
acidity cheese require high processing temperatures. Excessive
heating of process Cheddar cheese will cause off colors to
occur. Barker (1947a) claimed the average finishing teﬁp-
erature should be approximately 160°F; and, if heating is
controlled, the texture will not be destroyed. Templeton
ahd Sommer (1930) advised removing the cheese fromlthe kettle
as soon as a temperature of 140° to.150°F was reached. Schulz
and Hetzel (1960) indicated that the temperature of heating
can not vary much but should be high enough to pastéuriie
the product. Jakubowski and Bijok (1959b) stated that 85°C
fbr ten minutes was the optimum processing time and tempera-
ture relationship.

| Faivre (1946) reported that rapid stirring during
processing will produce a cheese with a weak body and that
rapi& melting will produce a product with a firm body. He
stated that the slower the process cheese cooled, the firmer

the product would be. Jakubowski and Bijok (1960) noted a
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strong relationship between the texture and flavorvof the
process cheese and the pH of the product. They indicated the
pH could not be satisfactorily adjusted using salts but

acid or alkali worked quite well. Wearmouth (1959) reported
that "Solva salts" (buffering salts) could be used to adjust
the pH of process cheese.

"Oiling off" defect in process cheese has been obsérved
by several workers (Bauertal, 1932b; Templeton and Sommer,
1936; Barker, 194la; Palmer and Sly, 1943). Bauertal (1932b)
listed the factors affecting fat separation as the age of
the cheese, the acidity, the water content, and the velocity
of agitation. Some lots of cheese can be heated without
emulsifier and the fat will not separate. Other blends,
uhder the same conditions, will oil off. Templeton and
Sémmer (1936) contend that if a lot of cheese containing
emulsifier oils off, this phenomenon is direct probf ofl
improper blending and poor choice of emulsifying salt.

Fat separation has been reported by Sommer and Templeton
(1939) to occur between 95° to 120°F. 1In a compréhensive
study of Palmer and Sly (1943), the fat content was not
found to be an important factor in "oiling off." They
indicated fat separations occurred most commonly at pH values
of 5.8 to 6.0 or below 5.4. Very mature cheese is very
suscgptible to fat separation while young cheese forms a
stab}e oil-in-water emulsion. Free fat may occur during

cooking, but it will generally be reincorporated. Bauertal
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(1932b) and Templeton and Sommer (1930) reported the fat will
be reincorporated at about 130°F,

Barker (1947a) indicated that process cheese should form
strands "15 inches long" when the product is finished cooking.
He stated that these strands should not contain free fat or
moisture, should not be rubbery, but may be elastic. Over-
ruﬁ in process cheese is approximately 5 per cent. The'cheese
mixture is packaged hot; thereby, the hot cheese sanitizes
the container. Erekson (1940) concluded that certain‘
cellglose films were the best packaging material at tha%
time. Barker (1941b) suggested the air and equipment be
sprayed or washed with a hypochlorite solution to eliminate
mold and yeast spores. After packaging Van Slyke (1952)
advised cooling at 65° to 70°F before placing under refrigera-

tion.

Cheese spreads. A pasteurized process cheese spread is a

cheese food containing more than 44 per cent moisture but
not more than 60 per cent moisture and a butterfat content
of not less than 20 per cent fat. A spread should be
spreadable at 70°F, Barker (1940a) describes a method ‘'in
which cream is used as the base for spreads. This same
auﬁhér (1942b) reported that current cheese is the type

of cheese used mainly in spreads. Templeton and Sommer
(1932b) recommended temperatures of 160° to 180°F for
processing spreads. These authors attributed the spreading

properties of these products to their fat and moisture
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content.

Templeton and Sommer (1934b) reported that basically
there are two types of cheese spreads: a) the base is cheese
with milk solids added; b) the base is cream or cream cheese
with enough aged cheese added to produce a good flavor.

These workers found that whey powder, when added to spreads,
produced a weaker product than skim milk powder. Sommer

and Templeton (1939) reported cheese spreads made by pré-
cessing cheese with the addition of milk solids were preferred
over spreads in which cream cheese was used as the base;

A spread with 41 to 45 per cent moisture will have good
spreading quality. Barker (1940b) advised using condenéed
whey, whey powder, condensed skim milk, or skim milk péwder
1h spreads but warned against the use of greater than 10

per cent whey solids in the finished product. If this level
is exceeded, the whey will impart a sweet flavor to the
spread. Barker (1942a) recommended heating aged cheese‘to
160°F before adding such cheese to the other ingredients.
This worker reported (1955) a desirable process cheese ;oaf
could be made using 50 per cent non-fat dry milk, 25 per
cent old English daisy cheese, and 25 per cent new daisy
éheeée.

Barker (1947b) claimed nearly all special varieties of
spreads are pasteurized at higher temperatures than
process cheese. The temperatures used are 165°F and

higher, and the holding time is generally longer than those
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employed for process cheese. He also discussed the role of
gums in spreads, dressing, and process cheese (1947c).

Softness of a spread varies directly with moisture
content and with replacement of cheese solids-not-fat by
nonfat dry milk or lactose (Olson and Price, 1959). Fat
appeared to have no effect on firmness at the levels checked.
Barth (1959) received a patent for a process involving the
ﬁse of glutamic or aspartic acid or their alkaline salts plus
an alkaline salt of phosphoric acid to adjust the acidity

and pH of spreads and process cheese.

Methods of measuring physical and chemical properties. The

melting quaiiﬁy of process cheese and spreads is very impor-
tant. Zakariasen (1952) suggested that a half inch plug of
an ideal process cheese should melt completely when steamed
for 10 minutes. Olson and Price (1958) described a

method in which spreads were put into glass tubing and the
distance of cheese movement was measured. The correlation

of their method was 0.8771 when comparing melting test Yalues
and spreadability values with the scores obtained‘by‘or%ano-
leptic means. The most comprehensive work on the'melting
properties of process cheese was carried out by Arnott,
Morris, and Combs (1957). These workers found notsignificant
rela£ionship between moisture, fat, and pH to melting
quality. They did report a slight dependency of melting
qﬁality on free tyrosine levels. Process cheese with ffee

tyrosine levels greater than 0.16 mg per gram generally had
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good melting properties.

Several workers (Rogers and Sanders, 1942; Olson and
Price, 1959; Schneider and Danek, 1962; Vakaleris, Olson,
Price, 1962) have used penetrometers to evaluate the physical
properties of process cheese and cheese spreads. The
viscosity of process cheese was determined with a Brabender-
Viscograph by Becker and Clemens (1955). Jakubowski anq
Bijok (1959a) used a Hoppler consistometer to determine_the
consistency of process cheese, and Bohd¥ (1956) used thé
instrument for spreads. |

Templeton and Sommer (1932a) used an instrument that
crushed an inch cube of process cheese to one half inch as
an indication of firmness of body. The weight (in grams)
required to accomplish this task was recorded as the "crushing
strength.” The Ball Compressor was used by Wearmouth (1954)
to measure body firmness at room temperature.

Wearmouth (1954) used a mixture of 12 parts of cheese
to 30 parts of water (w/w) to determine the pH of process
dheese. By this method most process cheese will ﬂave a'pH
of 5.9 to 6.6. Templeton and Sommer (1934a) weigﬁed 50
grams of comminuted cheese into 500 ml of distilléd water
and titrated 25 ml of this suspension. They reported their

results as percentage lactic acid. The suspension was also

used for determining hydrogen ion concentration.

Keeping Quality of Process Cheese

Albus and Ayers (1928) studied gassy fermentation that
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had been reported to occur in reheated or process cheese
products containing pimientos. Pimientos are fermentable
carbohydrates that can be attacked by anaerobic spore-

forming bacteria. This gassy fermentation can be prevented

by washing the fermentable sugars from the pimientos.

Sommer (1930) showed that a case of sandiness in process
cheese was due to the formation of calcium tartrate cryétals
when tartrate was used as the emulsifier. A pasteurization
temperature of 160°F for no holding time has been shownl(l932c)
to destroy 99.6 to 100 per cent of the bacteria present in

process cheese.

Clostridium coagulans has been implicated as the organism
causing putrefactive spoilage (1939). Heat treatments of
160° to 165°F for 5 minutes have been suggested for control
of gas formation by Palmer and Sly (1941). Hlynka and Hood
(l9h8) recommended the use of sulfites or sulfur dioxide to
prevent a brown discoloration of malted process cheese, which
is caused by an interaction of the amino acids and proteins
with the aldose sugars in the malt. Erekson (19L$) sho?ed
the pink color defect of process cheese to be due‘to thé
fading of the added cheese color. Brown discoloration of
process cheese may be caused by lactose concentration, if
8 to 10 per cent milk or whey powder is used. Hood and Bowen

(1950) identified Clostridium sporogenes as the organism

causing gassy slits and a putrid odor in Canadian process

cheese. The source of contamination was skim milk powder.
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Hood and Smith(1951) confirmed these findings and added that

raw milk Cheddar cheese may also be an important source of

contamination. They identified Clostridium sporogenes and

C. pasteurianum as the causative organisms and suggested

controlling spoilage by use of 1 per cent salt and main-
taining the pH below 5.

Ledabyl (1953) concluded that cooking process cheese
for ten minutes at 80°C was sufficient to destroyfacid-énd
alkali-producing bacteria and molds. However, to?eliminate
spore-forming bacteria temperatures exceeding 95°Q for ten
minutes were required. A 3 per cent hydrogen peroxide solu-
ﬁion was found to be adequate for sanitizing hands and )
equipment. Berridge (1953) showed that cultures of nisin
prqducing streptococci could prevent gassy fermentation in
process cheese and other cheese. Wagenaar and Dack (1954)

studied the effect of emulsifier on the growth and toxin

production of Clostridium botulinum. They found that 2.5

per cent disodium phosphate reduced the amount of salt
required to inhibit experimentally inoculated samples.

A skim milk cheese curd, inoculated with nisin producing
cultures, has been found to inhibit the growth of‘gas
prodgcing'clostridia when added to process cheese at the
1l to 2 per cent level (Anonymous, 1956). Nelson (1958)
reported spoilage -of canned cheese paste by the reaction of
phosphate emulsifier with the calcium of the cheese to

form brushite nodules and that the hydrogen swells observed
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were due to the reaction of the cheese acids with the
corroded tin plate. Milacek (1959) developed a method

of sterilizing flavoring materials for process cheese.
Butyric acid fermentation can be prevented by treating
flavoring materials such as caraway seeds with 3 per cent
hydrogen peroxide for 15 to 30 minutes at room temperature.
Niki et al. (1959) discussed the factors affecting the color
of process cheese and methods of preventing color defects.
Alpern, Kosikowski, and Hill (1960) reported a caée of gas
blowing of packaged process cheese that was associated with
high bacterial counts rather than reaction with the foil

packaging material.

Dehydration of Cheese

Research at the Bureau of Dairy Industry led to the
development of a satisfactory method for dehydrating full-
fat cheese (Anonymous, 1943). This method consisted of
partially drying grated cheese at room temperature followed
by further drying in a tunnel or by any other heated air
method. The first stage of this drying operation "case-
hardened" the particles of cheese and thereby entrapped the
fat. A maximum final drying temperature of 1l45°F was used.
The moisture content of cheese dried in this manner is
approximately 3 per cent; the flavor, keeping quaiify;band
physical properties are good (Sanders, 1943).

Traisman and Kurtzhalts (1954) developed a method for

making grated cheese. Part of the cheese used in this
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method is air-dried to 10 to 12 per cent moisture; aﬁa the
other portion is melted with 1 per cent disodium phosphate,
heaﬁed to 200°F, and spray-dried. Equal amounts of the
two cheese products are mixed, milled, tempered, sieved,
and packaged.

A modification of Sander's method (1943) was reporped
(Anonymous, 1955). The cheese particles were first casé-
hardened and then were dried to less than 3 per cént moisture
at 145°F in a room in which the relative humidity‘was
maintained at less. than 35 per cent. This producﬁ could be
reconstituted by adding emulsifiers and heating to 160°F
with rapid stirring. |

Yakhontov (1956) described a method of drying in wﬁich
cheese with 32 to 35 per cent moisture is ground and dried
in a current of air at approximately L40O°C, The prodﬁct
after sieving contains 10 per cent moisture and must be
stored in a well-ventilated room at 10° to 15°C and 70 to
75 per cent relative humidity. Bohac¢ (1957) dried grated
natural cheese using fans and infra-red lamps. Cﬁeese
emulsified with tetrasodium pyrophosphate and the ammonium
salt of polymeric phosphate was roller dried at 85°C for
7 minutes. Olsansky and Schmidl (1960) used warm‘air
current or bright or dark infra-red lamps to dry sampleé
of Parmesan cheese. They claimed that warm air current
methods were too slow and that bright infra-red lamps

adversely affected the cheese on storage. The best product

el
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was obtained using dark infra-red lamps with filters elimi-
nating the visible light.

Czulak, Hammond, and Forss (1961) were unable to dry
Cheddar cheese in a current of air at relatively low temp-
eratures, at low relative humidity and under partial
vacuum. These workers were able to dry grated chgese by
air current at temperatures up to 160°C, if mixed“with 30
per cent by weight dried skimmed milk, dried buttermilk, or
dried whey. The final product containing 9 to 10 per cent
moispure can be crushed into a powder. Czulak et al.
reported a loss of most of the volatile cheese flgvor and
off-flavor when drying by this method. A mixture of fafty
&cids, methyl ketones or commercial cheese was used to
restore some of the lost volatiles. Riesen (1960) received
a Frgnch patent for developing a method of producing cheese
in powder or chip form. He coagulated pasteurized milk.with
éalcium chloride; and the curd was then salted, drained,
brined' in saturated salt solupion; ripened at low tempera-

tures, grated, and dehydrated.

Freeze-drying. Freeze-drying was known as "drying by
sublimation" as far back as 1813, quever; sublimation was
not used successfully for preserving biological substances
until 1909. This method of dehydration has now been applied
to the preservation of many foods. The advantages of
freezeerying have been summarized as follows: a) freeze-

dehydration does not destroy the original shape and volume
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~of the product; b) this method reduces the weight and allows
the product to be stored at ambient temperatures; and c)‘
the flavor- of products dehydrated by this method is éften
better than by conventional means (Meyer and Jokay, 1959).
Meyer and Jokay (1959) applied freeze-dehydration to
cheese products. The cheese was frozen at quiescent air
temperatures of -5° to -10°F, and the frozen cheese was
dried in 10 to 20 hours depending on the size and shape of
the sample. Rehydration of Cheddar and process Cheddar
cheese required 12 hours. The body of the rehydrated
cheese was soft, and the flavor was described as "fair."
The shelf life ranged from one week to 24 weeks at storage
temperatures of O°F to 100°F respectively. Evstr;teva,
Kuryachev, and Sinitsyn (1959) preserved a low fat and a
fat free lactic cheese by freeze-drying for 18 hours using
an absolute pressure of 0.50 to 0.88 mm. The finished
product contaiﬁédk2.9 to 4.0 per cent moisture and could be
reconstituted using water at 20° to 30°C. A German dairy
has used freeze-drying to preserve quarg. The prbduct is
stored in plastic bags and can be easily rehydrated using

cold water (Anonymous, 1964).

Spray-drying. Boh&& (1957) reported spray-drying a blend of

natural cheese that had been emulsified with potassium
polyphosphate and alkaline polyphosphate at 80°C for ten
minutes. He noted that natural cheese with flavor defects

were improved by spray-drying. He attribhted this improvement
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in flavor to the loss of soluble nitrogenous substances.
Makar'in (1959) suggested using spray-dried cheese to manu-
facture process cheese. The product should be standardized
to 35 per cent total solids before drying. After drying, the
cheese is blended with water at 65° to 70°C with constant
stirring and the product is then cooled. Krashen?nin,
Shubin; and Markhinin (1960) spray-dried natural cheese
thaﬁ had been emulsified at 70° to 80°C for 20 minutes.
The inlet air temperature for drying was 150° to 160°C
whilé the exit air temperature was 75° to 85°C. They recom-
mended reconstituting this powder into a process cheese.
Giraud (1960) received a French patent for a method of
spray-drying hard or mold-ripened cheese. Ten to 20 per
cént moisture was added <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>