9.6.1 Natural And Processed Cheese
9.6.1.1 General1-3
The United States is one of the largest producers of cheese in the world. The total number of
industry establishments in the United States in 1995 was 432. In 1995, total natural cheese production in the
U. S., excluding cottage cheeses, was 6.9 billion pounds, and total processed cheese production was
2.3 billion pounds. Wisconsin is the leading producer of cheese in the United States, accounting for over 30
percent of all cheese production in the country.
Popular types of natural cheeses include unripened (e. g., cottage cheese, cream cheese), soft (e. g.,
Brie, Camembert), semi-hard (e. g., Brick, Muenster, Roquefort, Stilton), hard (e. g., Colby, Cheddar), blue
veined (e. g., Blue, Gorgonzola), cooked hard cheeses (e. g., Swiss, Parmesan), and pasta filata (stretched
curd, e. g., Mozzarella, Provolone). Examples of processed cheeses include American cheese and various
cheese spreads, which are made by blending two or more varieties of cheese or blending portions of the same
type of cheese that are in different stages of ripeness.
9.6.1.2 Process Description4-9
The modern manufacture of natural cheese consists of four basic steps: coagulating, draining, salting,
and ripening. Processed cheese manufacture incorporates extra steps, including cleaning, blending, and
melting. No two cheese varieties are produced by the same method. However, manufacturing different
cheeses does not require widely different procedures but rather the same steps with variations during each
step, the same steps with a variation in their order, special applications, or different ripening practices. Table
9.6.1-1 presents variations in the cheesemaking process characteristic of particular cheese varieties. This
section includes a generic process description; steps specific to a single cheese variety are mentioned but are
not discussed in detail.
9.6.1.2.1 Natural Cheese Manufacture The following sections describe the steps in the manufacture of natural cheese. Figure 9.6.1-1
presents a general process diagram.
Milk Preparation Cow's milk is the most widely used milk in cheese processing. First, the milk is homogenized to
ensure a constant fat level. A standardizing centrifuge, which skims off the surplus fat as cream, is often used
to obtain the fat levels appropriate for different varieties of cheese. Following homogenization, the milk is
ready for pasteurization, which is necessary to destroy harmful micro-organisms and bacteria.
Coagulation Coagulation, or clotting of the milk, is the basis of cheese production. Coagulation is brought about
by physical and chemical modifications to the constituents of milk and leads to the separation of the solid part
of milk (the curd) from the liquid part (the whey). To initiate coagulation, milk is mixed with a starter, which
is a culture of harmless, active bacteria. The enzyme rennin is also used in coagulation. Most of the fat and
protein from the milk are retained in the curd, but nearly all of the lactose and some of the minerals, protein,
and vitamins escape into the whey. Table 9.6.1-1 provides the primary coagulating agents and the
coagulating times necessary for different varieties of cheese.
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Table 9.6.1-1. DIFFERENCES IN SELECTED CHEESEMAKING STEPS
Type of Cheese

Primary Coagulating
Agent/Time

Blue

Rennin (30 min)

Brick

EMISSION FACTORS

Primary Draining
Method

pH

Salting, %

Pressing

Ripening Period

33.3 (92)

Vat drain

5.4

Dry (5.0)

In molds, no
surface weights

60 days minimum; 3-4 mos usually;
9 mos for more flavor

Rennin (25 min)

35.6 (96)

Vat drain

5.4

Brine (1.5)

In molds, surface
weights

4-8 weeks

Camembert

Rennin (45 min)

32.2 (90)

Dip

5.1

Dry (1.5)

In molds, no
surface weights

4-5 weeks

Cheddar

Rennin (25 min)

37.8 (100)

Vat drain

5.2

Dry (1.5)

Horizontal
hydraulic press

60 days minimum; 3-6 mos usually;
12 or longer for sharp flavor

Cottage

Acid (5 hr)

48.9 (120)

Vat drain

4.6

Dry (1.0)

Vat packing

Unripened

Cream

Acid (5 hr)

57.2 (135)

Hoop

4.6

Dry (1.0)

Bag packing

Unripened

Mozzarella

Rennin (30 min)

32.2 (90)

Vat drain

5.3

Brine (0.7)

Bag packing

Unripened to 2 months

Provolone

Rennin (20 min)

47.8 (118)

Vat drain

5.3

Brine (1.5)

Vat packing

6-14 months

Ricotta

Acid (30 min)

80.0 (176)

Hoop

5.9

Dry (0.5)

Can packing

Unripened

Romano

Rennin (20 min)

46.7 (116)

Dip

5.3

Dry (5.0)

In molds, surface
weights

5 months min.; 12 months for grating

Swiss

Rennin (30 min)

53.3 (128)

Dip

6.2

Brine (1.6)

Vertical hydraulic 2 months min.; 2-9 months usually
press

Source: Reference 8

Cooking Temp.
EC (EF)
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Figure 9.6.1-1. Natural cheese manufacture.
(Source Classification Code in parentheses.)
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Curd Treatment After the curd is formed, it is cut into small pieces to speed whey expulsion and increase the surface
area. The curd particles are cut into various sizes, depending on the variety of cheese being made. Cutting
the curd into small cubes reduces the moisture content of the curd, whereas creating larger cubes increases the
moisture content.
Following the cutting step, the curd is cooked, which contracts the curd particles and acts to remove
whey, develop texture, and establish moisture control. The cut curds and whey are heated and agitated.
Table 9.6.1-1 provides the cooking temperatures required to produce typical varieties of cheeses.
Curd Drainage The next step in cheese manufacture, drainage, involves separating the whey from the curd. Drainage
can be accelerated by either heat treatment or mechanical treatment, such as cutting, stirring, oscillating, or
pressing. After the curd is dry, it is cut into blocks which can then be filled into cheese hoops for further
draining and pressing. Table 9.6.1-1 gives the primary draining methods for a variety of cheeses.
For some cheeses, special applications and procedures occur immediately before, during, or after the
draining stage. For example, internally ripened, or blue veined, cheeses (e. g., Blue, Roquefort) are usually
seeded with penicillium powder prior to drainage. Cooked hard cheeses (e. g., Parmesan) are stirred and
warmed to accelerate and complete the separation of the whey. The separated whey may be treated and
disposed of; shipped offsite in liquid or concentrated form for use as animal feed; used to make whey cheese;
dried for lactose, mineral, or protein recovery; or dried for use as a food additive or use in the manufacture of
processed cheese.
Curd Knitting Knitting, or transforming, the curd allows the accumulating lactic acid to chemically change the curd;
knitting also includes salting and pressing. This step leads to the characteristic texture of different cheeses.
During the curd knitting stage, Provolone and Mozzarella cheeses are pulled and processed (these cheeses are
then kneaded, drawn, shaped, and smoothed); a bean gum or some other type of gum is added to cream cheese
to stabilize and stiffen it; and a creaming agent (cream and/or milk) is added to cottage cheese. During this
period, specific pH levels are controlled to produce different varieties of cheese (see Table 9.6.1-1).
To salt the cheese, coarse salt is spread over the surface of the cheese or the pressed cheese is
immersed in a salt solution. Salting further completes the drainage of the cheese and also affects rind
formation, growth of microorganisms, and enzyme activity. Table 9.6.1-1 provides the salting method and
salt percentage necessary to produce a particular variety of cheese.
Pressing determines the characteristic shape of the cheese by compacting the texture, extruding free
whey from the curds, and completing the curd knitting. Pressing involves confining the wet, warm curds in a
form or cloth bag. With some cheeses, vertical pressing is used; others require vacuum pressing to remove
occluded air and give a close-knit body. See Table 9.6.1-1 for the different pressing practices for various
cheeses.
Ripening During the ripening or curing stage, varieties of cheeses acquire their own unique textures, aromas,
appearances, and tastes through complex physical and chemical changes that are controlled as much as
possible by adjusting temperature, humidity, and duration of ripening. For all cheeses, the purpose of
ripening is to allow beneficial bacteria and enzymes to transform the fresh curd into a cheese of a specific
flavor, texture, and appearance. Cottage and cream cheeses are not ripened, and usually have a bland flavor
and soft body.
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Some cheeses require the application of a special ripening agent to create a particular taste or texture.
For example, some cheeses rely wholly on surface bacteria and yeast applied to their exteriors for curing and
ripening (e. g., Brick, Brie, Camembert); others require injection of particular bacteria and molds (e. g., Blue)
or gas-forming microorganisms (e. g., Swiss). It is during the ripening stage that the rind or crust forms on
the cheese's surface. The rind controls the loss of moisture from the internal part of the cheese and regulates
the escape of gases released during ripening.
Preserving And Packaging Modern cheese packaging protects the food from microorganisms and prevents moisture loss.
Ripened cheeses must undergo special procedures during packaging for preservative reasons. Unripened
cheeses are packaged immediately after the curd is collected and must be immediately refrigerated.
Many ripened cheeses are coated in wax to protect them from mold contamination and to reduce the
rate of moisture loss. Cheeses that naturally develop a thick, tightly woven rind, such as Swiss, do not require
waxing. A second method of ripened cheese packaging involves applying laminated cellophane films to
unwaxed cheese surfaces. The most common packaging film consists of two laminated cellophane sheets and
a brown paper overlay necessary for shipping. A variation includes a metal foil wrap.
9.6.1.2.2 Processed Cheese Manufacture Nearly one-third of all cheese produced in the United States consists of processed cheese and
processed cheese products. There are many different types of final products in processed cheese manufacture.
These cheeses are distinguished from one another not only by their composition but by their presentation as
individual portions, individual slices, rectangular blocks, or special presentation as cylinders or tubes.
Processed cheese is made by pasteurizing, emulsifying, and blending natural cheese. Processed
cheese foods, spreads, and cold pack cheeses contain additional ingredients, such as nonfat milk solids and
condiments. Several varieties of natural cheeses may be mixed, and powdered milk, whey, cream or butter,
and water may be added. The following section describes the basic steps necessary for producing pasteurized
process cheese, the most common processed cheese.
Pasteurized Process Cheese Cheeses are selected to be processed from both mild and sharp cheeses. For example, American
cheese is made from Cheddar and Colby cheeses. Once selected, the cheeses must be analyzed for their fat
and moisture contents to determine the proper amount of emulsifiers and salts to be added. Cheese surfaces
are cleaned by scraping and trimming, and the rinds are removed. After cleaning, the cheese blocks are
ground in massive grinders, combined, and the cheese mixture is heated. At this point, the melted cheese
separates into a fat and serum. Emulsifiers are added to disperse the fat, and create a uniform, homogenous
mass.
The molten cheese is removed quickly from the cookers and is pumped or dropped into packaging
hoppers. The cheese is packaged in the absence of oxygen to inhibit the growth of mold. The cheese is
usually wrapped in lacquered aluminum foil or in aluminum foil-lined cardboard or plastic boxes. For sliced
processed cheese, the molten cheese is spread uniformly by chilled steel rollers and cut by rotary knives to
consumer size.
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Processed Cheese Foods Other processed cheeses that are similar to the above in manufacturing are also commonly produced.
For example, to produce pasteurized process cheese food, one or more of the following optional dairy
ingredients are added: cream, milk, skim milk, buttermilk, and/or cheese whey. The result is a processed
cheese food that is higher in moisture and lower in fat than pasteurized process cheese. After heating,
processed cheese intended for spreading undergoes a creaming step, which includes mechanical kneading of
the hot cheese and addition of various dairy products and other additives. Other processed cheese products
include cold-packed cheese, cold-packed cheese food, and reduced fat cheeses. All processed cheeses may be
enhanced with salt, artificial colorings, spices or flavorings, fruits, vegetables, and meats.
Grated and powdered cheeses are produced by removing the moisture from one or more varieties of
cheeses and grinding, grating, or shredding the cheese(s). Mold-inhibiting ingredients and anti-caking agents
may be added as well. Dehydration takes such forms as tray drying, spray or atomized drying, and freeze
drying. Popular types of grated cheese include Parmesan, Romano, Mozzarella, and Cheddar. Cheese
powders, such as those made from Cheddar cheese, may be used to flavor pasta, or added to bread dough,
potato chips, or dips.
9.6.1.3 Emissions And Controls
Particulate emissions from cheese manufacture occur during cheese or whey drying, and may occur
when the cheese is grated or ground before drying. CO2 emissions from direct-fired dryers are primarily from
the combustion of fuel, natural gas. Cheese dryers are used in the manufacture of grated or powdered
cheeses. Whey dryers are used in some facilities to dry the whey after it has been separated from the curd
following coagulation. VOC emissions may occur in the coagulation and/or ripening stages. Particulate
emissions from cheese and whey dryers are controlled by wet scrubbers, cyclones, or fabric filters. Cyclones
are also used for product recovery. Emission factors for cheese drying and whey drying in natural and
processed cheese manufacture are shown in Table 9.6.1-2.

Table 9.6.1-2. PARTICULATE EMISSION FACTORS FOR NATURAL AND
PROCESSED CHEESE MANUFACTUREa
Average emission factorb
Source

Pollutant

lb/ton

Cheese dryer
(SCC 3-02-030-20)

Filterable PM
Condensible inorganic PM
Condensible organic PM

Whey dryer
(SCC 3-02-030-10)

Filterable PM
Condensible PM

Rating

Ref.

2.5
0.29
0.44

D
D
D

1,2,3
2,3
1,2,3

1.24
0.31

D
D

4,6,7
4,6,7

a

Emission factor units are lb/ton of dry product. To convert from lb/ton to kg/Mg, multiply by 0.5. SCC = Source
Classification Code.
b Emission factors for cheese dryers represent average values for controlled emissions based on wet scrubbers or
venturi scrubbers. Factors for whey dryers are average values for controlled emissions based on cyclones, wet
scrubbers, or fabric filters.
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