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AMERICAN ASSOCI CEREAL CHEMISTS 
~~ 

Steven C. Nelson, Executive Vice President 3340 Pilot Knob R a d ,  St. Paul, Minnesota 55121-2097 U.S.A 
Telephone 612/454-7250 I Telex (MCI/WUI) 6502439657 I Facsimile 612/454-0766 

May 9, 1995 

Dallas W. Safriet 
Emission Factor and Inventory Group 
U. S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

Dear Mr. Safriet: 

I have reviewed the draft report entitled “Emission 
Factor Documentation for AP-42 Section 9.9.2, Cereal Breakfast 
Food“ as requested in your letter of April 6, 1995, and have also 
consulted with Bob Fast, author of the book chapter cited as 
reference 3 and coeditor (with me) of the book in which that 
chapter appears. 

In view of the report (and the draft AP-42 Section 
9.9.2 that it proposes) having been written from the literature 
by a person not known to us as having direct expertise in the 
breakfast cereal industry, it seems reasonably accurate taken as 
a whole, and also given that only a broad summary has been 
attempted. Like the author, we are unaware of any publshed data 
on emissions associated with other than the grain handling 
aspects of breakfast cereal production. However, we do have two 
kinds of observations to make about the report, the one singular 
and broad and the other multiple and detailed. 

The broad observation is that the book “Breakfast 
Cereals and How They Are Made , I ’  and in particular its Chapter 2, 
has been drawn upon to an extent that warrants more than a 
superscript reference citation. Published in 1990, it is the only 
book ever written on the subject, other discussions being limited 
to short articles and single chapters in more general works. It 
is clearly the source of the processing technology 
classifications used in the report, although the text language 
has been paraphrased, not entirely accurately in some instances. 
Accordingly, we request that the insert in the first paragraph of 
9.9.2.2 be included as in the copy attached. A similar insert 
would be appropriate in the third paragraph of the Introduction 
to the report (page 1-l), although this is of lesser importance 
because of the limited circulation of the report as contrasted 
with the AP-42 publication itself. 

The multiple detailed observations consist of the 
suggestions, corrections or marginal notes appended in blue ink 
to the attached copy of the draft AP-42 Section 9.9.2. (Similar 
observations would apply to the corresponding wording earlier in 
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the report). I will not list or comment on all of the points 
here, as for the most part they should be self-explanatory. If 
you or the report author wish to discuss any of them, I would be 
glad to do this by telephone (612/454-7250) and have retained a 
copy for that purpose. 

Most of the corrections are of understandable 
misinterpretations of the book text or other literature and 
probably will not be controversial. The most egregious error was 
application of the caption of Figure 2-7 (page 2-21 in the 
report) to the actual diagram of Figure 2-6 (page 2-20), with the 
result being labelled as Figure 9.9.2-6 (page 9.9.2-13) in the 
draft AP-42 section. While easily corrected, this would have been 
an embarrassing error. If the actual Figure 2-7 is to appear in 
the AP-42 section (which it doesn't in the draft) and the one now 
labelled 9.9.2-6 is to remain, coordination in renumbering the 
captions and in the text (page 9.9.2-12) will be needed. 

I hope these comments are helpful. 

Yours sincerely, 

Elwood +. Caldwell, Ph.D. 
Analytical Services Coordinator 

cc: R. B. 'Fast 



DRAFT 
This is preliminary material, in draft form, for purposes of review. This material must not be 

quoted, cited, or in any other way considered or used as final work. 

9.9.2 CEREAL BREAKFAST FOOD 

9.9.2.1 General' 

Breakfast cereal products were originally sold as milled grains of wheat and oats that required 

further cooking in the home prior to consumption. In this century, due to efforts to reduce the 

amount of in-home preparation time, breakfast cereal technology has evolved from the simple 

procedure of milling grains for cereal products that require cooking to the manufacturing of highly 

sophisticated ready-to-eat products that are convenient and quickly prepared. 

9.9.2.2 Process Des~r ip t ion '~~  

Breakfast cereals can be categorized into traditional (hot) cereals that require further cooking I 
or heating before consumption and ready-to-eat (cold) cereals that can be consumed from the box or 

with the addition of milk. 

Actual processes may considerably between plants, even those manufacturing the same type of cereal. 

Th--, 
in this sectioGpresent generic processing steps. 

Traditional Cereals - Traditional cereals are those requiring cooking or heating prior to 

consumption and are made from oats, farina (wheat), rice, and corn. Almost all (99 percent) of the 

traditional cereal market are products produced from oats (over 81 percent) and farina (approximately 

18 percent). Cereals made from rice, corn (excluding corn grits), and wheat (other than farina) make 

up less than 1 percent of traditional cereals. 

Oat cereals. The three types of oat cereals are old-fashioned oatmeal, uick oatmeal 

instant oatmeal. Old-fashioned oatmeal is made of r o l l e d A  and is prepared by adding water and 

boiling for up to 30 minutes. Quick oat cereal -%%$of thi$ef'&d%ka% A is prep%red b g  

cooking for 1 to 15 minutes. Instant oatmeal is similar to quick oats with additional treatments, such 

as the incorporation of gum to improve hydration; hot water is added but nc+,cooking IS required. 

The major steps in.@e production of traditional oat cereal include grain receiving, cleaning, drying, 

hulling, groat processing, steaming, and flaking. Figure 9.9.2-1 is a generic process flow diagram 

for traditional oat cereal production. 

ea2 ma% CdahutL B o r 0  k ~ v r n . * n . ~ ~  
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Figure 9.9.2-1. Traditional oat cereal production 
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Oats arrive at the mill via bulk railcar or truck and are sampled to ensure suitable quality for 

milling. Once the grain is deemed acceptable, it is passed over a receiving separator to remove 

coarse and fine material and binned according to milling criteria. Raw grain handling and processing 

is discussed in AP-42 Section 9.9.1, Grain Elevators and Processes. 

Cleaning removes foreign material, such as dust, stems, and weed seeds, and oats that are 

unsuitable for milling. The cleaning process utilizes several devices to take advantage of particular 

physical properties of the grain. For example, screens utilize the overall size of the grain, aspirators 

and gravity tables utilize grain density, and discs with indent pockets and/or indent cylinders utilize 

the grain length or shape. After completing the cleaning process, the grain is called clean milling 

oats or green oats. 

In the hulling process, most facilities use the impact huller, which separates the hull from the 

groat by impact, rather than traditional stone hulling. The groat is the portion of the oat that remains 

after the hull has been removed and is the part processed for human consumption. In impact hulling, 

the oats are fed through a rotating disc and flung out to strike the wall of the cylindrical housing 
$6 * V J a  38 ,, tangentially, which& the hull frway from the groat. The mixed material then falls to the bottom 

of the huller and is subjected to aspiration to separate the hulls from the groats. Impact hulling does 

not require predrying of the oats, although some facilities still use the traditional dry-pan process to 

impart a more nutty and less raw or green flavor to the final product. In the traditional dry-pan 

process, the green oats are dried in a stack of circular pans heated indirectly by steam to a surface 

temperature of 93' to 100°C (200" to 212°F). However, most facilities utilize enclosed vertical or 

horizontal grain conditioners or kilns to dry the groat after it has  been separated from the hull because 

of the inefficiency of drying hulls. The grain conditioners have both direct (sparging) steam and 

indirect steam to heat the oats and impart flavor to the groats comparable to that resulting from the 

1 "L kD&J 
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d pan drying process. 

After the groats are h u l l e d a  
. .  

-gwad'are sized to separate the largest groats from the average-sized groats. The large groats are 

used to process the so-called old-fashioned oats and the other groats are cut using steel cutters to 

make quick oats. After groat processing, the groats (either whole or cut pieces, depending on the end 

product) typically pass through an atmospheric steamer located above the rollers. The groats must 

Food And Agricultural Industry 9.9.2-3 
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remain in contact with the live steam long enough to achieve a moisture increase from 8 to 10 percent 

up to 10 to 12 percent, which is sufficient to provide satisfactory flakes when the whole or steel-cut 

groats are rolled. .~ 

The production of old-fashioned oat and quick oat flakes are the same, except for the starting 

material (old-fashioned oats start with whole groats and quick oats start with steel-cut groats). Both 

products are rolled between two cast iron equal-speed rolls in rigid end frames. Quick-oat products 

are rolled thinner than old-fashioned oats. Following rolling, the flakes are typically cooled and 

directed to packaging bins for holding. 

s;.Al-llwij f a  
Instant oatmeal is produced quick oatmeal through the steaming stage. 

After the groats are steamed, they are rolled thinner than those of quick oatmeal.- 

d The final product, along with specific amounts of hydrocolloid gum, salt, 

and other additives, is packaged into premeasured individual servings. The most important difference 

. .  
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The standard package for old-fashioned and quick oatmeal is the spirally wound two-ply fiber 

tube with a paper label. Folded cartons are also used to package old-fashioned and quick oatmeal. 

Most of the instant hot cereals are packed in individual, single-serving pouches. 

Farina cereals. Cereals made from farina are the second largest segment of the traditional hot 

cereal market, making up 18 percent. Farina is essentially wheat endosperm in granular form that is 

free from bran and germ. The preferred wheat for producing farina is hard red or winter wheat 

because the granules of endosperm for these types of wheat stay intact when hot cereals are prepared 

at home. As shown in Figure 9.9.2-2, farina cereal production begins with the receiving and milling 

of wheat. Information on wheat receiving, handling, and milling can be found in AP-42 
m 

Quick wok farina cereals are pr 

Wheat. rice. and corn cereal$. Other tradi 

products, and corn products. These cereals make up less than 1 percent of the traditional cereal 

market. Whole wheat traditional cereals include milled, rolled, and cracked wheat products. Milled 
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cereals are made in a hard wheat flour mill by drawing off medium-grind milled streams. Rice R 

R 

R 
A 

products have yet to find independence as a hot cereal, although rice can be ground into particles 

about the size of farina arid-cooked into a hot cereal resembling farina. Corn products include corn 

grits, cornmeal, corn flour, and corn bran. Corn grits are served primarily as a vegetable 

accompaniment to the main breakfast item and are nopassYfied as a breakf t cer A Cornmeal, 

corn flour, and corn bran are used primarily as ingredients in the preparation of other foods and are 

not classified as breakfast cereals. 

- . 

L + k  C. cmr-d a* s u c h .  
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Read To Eat Cereals - In the United States, the word "cereal" is typically synonymous with 
w r t e  i- - &th 

a &&-tees product that is suitable for human consumptionAwithout further cooking at home and is 

usually eaten at breakfast. Ready-to-eat cereals are typically grouped by cereal form rather than the 

type of grain used. These groups are flaked cereals, extruded flaked cereals, gun-puffed whole 

grains, extruded gun-puffed cereals, oven-puffed cereals, shredded whole grains, extruded shredded 

cereals, and granola cereals. 

Flaked cereals. Flaked cereals are made directly from whole grain kernels or parts of kernels 

of corn, wheat, or rice and are processed in such a way as to obtain particles, called flaking grits, 

that form one flake each. The production of flaked cereals involves preprocessing, mixing, cooking, 

dumping, delumping, drying, cooling and tempering, flaking, toasting, and packaging. A general 

process flow diagram for cereal flake production is presented in Figure 9.9.2-3. Grain preparation, 

including receiving, handling, cleaning, and hulling, for flaked cereal production is similar to that 

discussed under traditional cereal production and in AP-42 Section 9.9. I ,  Grain Elevators and 

Processes. Before the grains can be cooked and made into flakes, they must undergo certain 

preprocessing steps. For corn, this entails dry milling regular field corn to remove the germ and the 

bran from the kernel, leaving chunks of endosperm. Wheat is preprocessed by steaming the kernels 

lightly and running them through a pair of rolls to break open the kernels. Care is taken not to 

produce flour or fine material. Rice does not require any special preprocessing steps for the 

R 

a ,  

production of rice flakesofotkn fh- ~ I I O J .  Lw1u-d ik mill* rw k n.r k-kn 
"p . Y  

f o l i s k d  b a d  Y,;. + A d  I ,  fk ,,-.I s f d * - m f  aU?finbI .  

The corn, wheat, or rice grits are mixed with a flavor solution that includes sugar, malt, salt, 

and water. Weighed amounts of raw grits and flavor solution are then charged into rotating batch 

cookers. After the grits are evenly coated with the flavor syrup, steam is released into the rotating 

cooker to begin the cooking process. The cooking is complete when each kernel or kernel part has 

been changed from a hard, chalky white to a soft, translucent, golden brown. When the cooking is 

9.9.2-6 EMISSION FACTORS 
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Figure 9.9.2-3. Process diagram for cereal flake production.' 
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complete, rotation stops, the steam is turned off, and vents located on the cooker are opened to 

reduce the pressure inside the cooker to ambient conditions and to cool its contents. The exhaust 

from these vents may be connected to a vacuum system for more rapid cooling. After pressure is 

relieved, the cooker is uncapped and the rotation restarted. The cooked grits are then dumped onto 

moving conveyor belts located under the cooker discharge. The conveyors then pass through 

delumping equipment to break and sue the loosely held-together grits into mostly single grit particles. 

Large volumes of air are typically drawn through the delumping equipment to help cool the product. 

It may be necessary to perform delumping and cooling in different steps to get proper separation of 

the grits so that they are the optimum size for drying; in this case, cooling is typically performed first 

to stop the cooking action and to eliminate stickiness from the grit surface. After cooking and 

delumping, the grits are metered in a uniform flow to the dryer. Drying is typically performed at 

temperatures below 121 "C (250°F) and under controlled humidity, which prevents case hardening of 

the grit and greatly decreases the time needed for drying to the desired moisture level. After drying, 

the grits are cooled to ambient temperature, usually in an unheated section of the dryer. After they 

are cooled, the grits are tempered by holding them in large accumulating bins to allow the moisture 

content to equilibrate between the grit particles as well as from the center of the individual particles to 

the surface. After tempering, the grits pass between pairs of very large metal rolls that press them 

into very thin flakes. Flakes are toasted by suspending them in a hot air stream, rather than by laying 

them onto a flat baking surface. The ovens, sloped from feed end to discharge end, are perforated on 
the inside to allow air flow. These perforations are as large as possible for good air flow but small 

enough so that flakes cannot catch in them. The toasted flakes are then cooled and sent to packaging. 

Extruded flake cereals. Extruded flakes differ from traditional flakes in that the grit for 

flaking is formed by extruding mixed ingredients through a die and cutting pellets of the dough into 

the desired size. The steps in extruded flake production are preprocessing, mixing, extruding, drying, 

cooling and tempering, flaking, toasting, and packaging. Figure 9.9.2-4 presents a generic process 

flow diagram for the production of extruded flake cereals. The primary difference in extruded flake 

production and traditional flake production is that extruded flakes replace the cooking and delumping 

steps used in traditional flake production with an extruding step. The extruder is a long, barrel-like 

apparatus that performs several operations along its length. The first part of the barrel kneads or 
crushes the grain and mixes the ingredients together. The flavor solution +added directly to the 

barrel of the extruder by means of a metering pump. Heat input to the barrel of the extruder near the 

feed point is kept low to allow the ingredients to mix properly before any cooking or gelatinization 

starts. Heat is applied to the center section of the extruder barrel to cook the ingredients. The die is 

my be 
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Figure 9.9.24. Process diagram for extruded flake production.' 
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located at the end of the last section, which is generally cooler than the rest of the barrel. The dough 

remains in a compact form as it extrudes through the die and a rotating knife slices it into properly- 

sized pellets. The remaining steps for extruded flakes (drying, cooling, flaking, toasting, and 

packaging) are the same as for traditional flake production. 

Gun-ouffed whole grain cereals. Gun-puffed whole grains are formed by cooking the grains 

and then subjecting them to a sudden large pressure drop. As steam under pressure in the interior of 

the grain seeks to equilibrate with the surrounding lower-pressure atmosphere, it forces the grains to 

expand quickly or "puff." Rice and wheat are the only types of grain used in gun-puffed whole grain 

production, which involves pretreatment, pufting, screening, drying, and cooling. A general process 

flow diagram is shown in Figure 9.9.2-5. Wheat requires pretreating to prevent the bran from 

loosening from the grain in a ragged, haphazard manner, which causes some of the bran to adhere to 

the kernels and other parts to be blown partially off the kernels. One form of pretreatment is to add 

4 percent, by weight, of a saturated brine solution (26 percent salt) to the wheat. Another form of 

pretreatment, called pearling, removes part of the bran altogether before pufting. The only 

pretreatment required for rice is normal milling to produce head rice. Puffing can be p.eerformed with 
QT a . 4 w e ~ ~  ewa. 

manual single-shot guns, automatic s i n g l e - s h o t a r  automatic multiple-shot gunslA1n ~ a n u a l  

single-shot guns, grain is loaded into the opening of the gun and the lid is closed and sealed. As the 

gun begins to rotate, gas burners heat the sides of the gun body causing the moisture in the grain to 

convert to steam. When the lid is opened, the sudden change in pressure causes the grain to puff. 

Automatic single-shot guns operate on the same principle, except that steam is injected directly into 

the gun body. Multiple-shot guns have several barrels mounted on a slowly rotating wheel so that 

each barrel passes the load and fire positions at the correct time. The load, steam, and fire process 

for any one barrel is identical to that of the single-shot gun. After the grain is puffed, it is screened 

and dried before it is packaged. The final product is very porous and absorbs moisture rapidly and 

easily so it must be packaged in materials that possess good moisture barrier qualities. 

P mcol OI 

Extruded mn-ouffed cereals. Extruded gun-puffed cereals us%flour as the starting ingredient 

instead of whole grains. The dough cooks in the extruders and is then formed into the desired shape 

by means of extrusion through a die. The extrusion process for gun-puffed cereals is- at 
for extruded flake production. After the dough is extruded, it is dried and tempered. It then 

undergoes the same puffing and final processing steps as described for whole grain gun-puffed 

cereals. 

S#rn#br+d 
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Oven-ouffed cereals. Oven-puffed cereals are made almost exclusively using whole-grain rice L 

P 
b 
L 

or corn, or mixtures of these two grains, because rice and corn inherently puff in the presence of high 

heat and the proper moisture content. The grains are mixed with sugar, salt, water, and malt and 

then pressure-cooked. After cooking, the grain is conveyed through a cooling and sizing operation. 

After cooling and sizing, the kernels are dried and tempered. The kernels are then passed through 

flaking rolls to flatten them slightly. The kernels are dried again and then oven-puffed, which 

requires a proper balance between kernel moisture content and oven temperature. After puffing, the 

cereal is cooled, fortified with vitamins (if necessary), and frequently treated with antioxidants to 

preserve freshness. The final product is then packaged. 

Shredded whole erain cereals. Wheat (white wheat) is primarily used to produce shredded 

whole grains. The steps involved in producing whole-grain shredded cereal are grain cleaning, 

cooking, cooling and tempering, shredding, biscuit formation, biscuit baking, and packaging. A 

generic process flow diagram for shredded cereal production is presented in Figure 9.9.2-6. Cooking 4 
is typically performed in batches with excess water at temperatures slightly below the boiling point at 

atmospheric pressure. Cooking vessels usually have horizontal baskets big enough to hold 50 bushels 

of raw wheat. Steam is injected directly into the water to heat the grain. After the cooking cycle is 

completed, the water is drained from the vessel and the cooked wheat is dumped and conveyed to 

cooling units, which surfacedry the wheat and reduce the temperature to ambient levels, thus 

stopping the cooking process. After the grain is cooled, it is placed in large holding bins and allowed 

to temper. The shredding process squeezes the wheat kernels between one roll with a smooth surface 

and another roll with a grooved surface. A comb is p9sitioned against the grooved roll and the comb 

teeth pick the wheat shred from the groove. There are many variations in the grooved roll. After the 

shreds are produced, they fall in layers onto a conveyer moving under the rolls. After the web of 
many layers of shreds reaches the end of the shredder, it is fed through a cutting device to form the 

ind,ividual biscuits. The edges of the cutting device are dull, rather than sharp, so that the cutting 

action compresses the edges of the biscuit together to form a crimped joint, which holds the shreds 

togeher in the biscuit form. After the individual biscuits are formed, they are baked in a band or 
continuous conveyor-belt oven. After the biscuits are baked and dried, they are ready for packaging. 

-. Extruded shredded cereals are made in much the same way as 
a .mcslor 

whole-grain shredded cereals except that extruded shredded cereals us@lour as a raw material instead 

of whole grains. Raw grains include wheat, corn, rice, and oats, and, since the grains are used in 
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flour form, they can be used alone or in mixtures. The steps involved in extruded shredded cereal 

production are grain preprocessing (including grain receiving, handling, and milling), mixing, 

extruding,.cooling and tempering, shredding, biscuit formation, baking, drying, and packaging. The 

preprocessing, mixing, extruding, and cooling and tempering steps are the same as those discussed for 

other types of cereal. Shredding, biscuit formation, baking, drying, and packaging are the same as 

for whole-grain shredded cereal. Extruded shredded cereals are typically made into small, bite-sue 

biscuits, instead of the larger biscuits of whole-grain shredded wheat. 

Granola cereals. Granola cereals are ready-to-eat cereals that are- 
epared by taking regular, old-fashioned 

whole-rolled oats or quickzooking oats and mixing them with other ingredients, such as nut pieces, 

coconut, brown sugar, honey, malt extract, dried milk, dried fruits, water, cinnamon, nutmeg, and 

vegetable oil. This mixture is then spread in a uniform layer onto the band of a continuous dryer or 

oven. The toasted layer is then broken into chunks. 

Packaging - The package materials for ready-to-eat breakfast cereals include printed 

paperboard canons, protective liners, and the necessary adhesives. The cartons are printed and 

produced by carton suppliers and are delivered, unfolded and stacked on pallets, to the breakfast 

cereal manufacturers. The liners, also supplied by outside sources, must be durable and impermeable 

to moisture or moisture vapor entry. However, cereals that are not hygroscopic and/or etain 

satisfactory texture in moisture equilibrium with ambient atmosphere do not requirekiners. The most 

common type of liners used today are made of highdensity polyethylene (HDPE) film. The 
adhesives used in cereal packaging are water-based emulsions and hot melts. The cereal industry is 

the second largest user of adhesives for consumer products. Several variations of packaging lines 

may be used in the ready-to-eat breakfast cereal industry, including lines that fill the iners a er they 

have been inserted into the carton and lines that utilize more manual labor and less automated 

equipment. 

mocl twverpn 4 
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9.9.2.3 Emissions and Controls 

Air emissions may arise from a variety of sources in breakfast cereal manufacturing. 

Particulate matter (PM) emissions result mainly from solids handling and mixing. For breakfast 

cereal manufacturing, PM emissions occur during the milling and processing of grain, as the raw 

ingr ients are 
d r p d ,  - s h e d  a d  

ed, as the grains are hulled, and possibly during 
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drying, and packaging. Emission sources associated with grain milling and processing include grain 

receiving, precleaning and handling, cleaning house separators, milling, and bulk loading. Applicable 

emission factors for these processes were developed in AP-42 Section 9.9.1, Grain Elevators and 

Processes. Table 9.9.2-1 (Metric Units) and Table 9.9.2-2 (English Units) present a summary of 

grain milling and processing emission factor data developed in AP-42 Section 9.9.1; details of the 

data and references can be found in that section. There are no data on PM emissions from mixing of 

ingredients or packaging for breakfast cereal production. 

rll 

Volatile organic compound (VOC) emissions may potentially occur at almost any stage in the 

production of breakfast cereal, but most usually are associated with thermal processing steps, such as a 
a drying, steaming, heat treatment, cooking, ’ , toasting, extruding, d 

pufting,--.‘-L--”.kRg/The use of adhesi-duct may also be a 

source of VOC emissions. No information is available, however, on any VOC emissions resulting 

from these processes of breakfast cereal manufacturing. 

Control technology to control PM emissions from breakfast cereal manufacturing is similar to 

that discussed in AP-42 Section 9.9.1, Grain Elevators and Processes. Because of the operational 

similarities, emission control methods are similar in most grain milling and processing plants. 

Cyclones or fabric filters are often used to control emissions from grain handling operations 

(e. g., unloading, legs, cleaners, etc.) and also from other processing operations. Fabric filters are 

used extensively in flour mills. However, certain operations within milling operations are not 

amenable to the use of these devices and alternatives are needed. Wet scrubbers, for example, are 

applied where the effluent gas stream has a high moisture content. No information exists for VOC 

emission control technology for breakfast cereal manufacturing. 
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1401 New York Ave.. NW 

Washington, DC 20005 

202.639.5900 
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June 22. 1995 

Mr. Dallas Safriet 
Emission Factor and Inventory Group (MD-14) 
US.  Environmental Protection Agency 
Research Triangle Park, NC 27711 

R E  Emission Factor Documentation for AP-42; Section 9.9.2; Cereal Breakfast 
Food Draft Report 

Dear Mr. Safriet: 

Thank you again for the opportunity to comment on the draft AP-42 sections 
relevant to the food processing industry. I have just received the last comments 
I solicited from member companies of the National Food Processors 
Association on the draft for Cereal Breakfast Foods. I hope the comments 
may still be of assistance. 

General 

The process description is viewed as being quite complete and accurate in 
representing the major processes used for breakfast food production. We 
received comments that appropriate references were used and well represented. 

Potential VOC Emissions 

The identification of potential sources of VOC emissions within the processes 
generated the most comment. It is unclear on what basis the points in the 
process were determined to be VOC sources. While emissions data was not 
available, the judgement of those commenting is that none of the processes 
described have the potential of being sources of significant VOC emissions. 
The concern is raised that users of the guideline will expect emissions data thus 
requiring substantial and costly data collection efforts from insignificant 
sources. The small quantity of emissions, if generated, also raises serious 
doubts about the availability of cost effective and technically feasible control 
measures. 

Particulate Matter Emissions 

Two potential sources of particulate matter emissions were questioned. It was 
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noted that mixing and delumping are wet processes. Given these processes are 
high moisture steps, particulate emissions are not likely. As with the potential 
sources of VOC emissions identified, the significance of particulate matter 
emissions from the production processes to the atmosphere is questioned. 

We wish to reserve the opportunity to provide emissions data to help refine the 
guideline. As companies respond to state regulatory requirements, emissions 
data may be generated. 

Again, thank you for the opportunity to comment. If you have any questions, 
please call. 

Regards, 

Richard N. Jarman 
Director, Technical Regulatory Affairs - EPA 
2021639-5925 



INTEROFFICE MEMORANDUbf 

MIDWEST RESEARCH INSTITUTE 

April 2, 1996 

To: 

From: T o m L a w  

Subject: Review of Emission Test Reports for the Production of Cereal Bmkfast Food 

AP-42 Section 9.9.2, Cereal Breakfast Food, Project File 

The Source Test Information Retrieval System (STIRS) data base identified 11 source 
test reports for Section 9.9.2, Cereal Breakfast Food. These reports were retrieved and 
reviewed. The pertinent information from these reports is presented in this memorandum. 
All of the tests were conducted at the same facility, which was a General Mills, Inc., plant 
located in Toledo, Ohio. With one exception, alI of the tests were conducted in April and 
May 1990; one was conducted in January 1991. One of the 11 reports was a duplicate so 
only 10 reports were reviewed. A summary of the emission factors obtained from these 
reports is presented in Table 1. In general, the tests were conducted on vent stacks from 
various process operations for the production of either puffed or extruded and toasted 
cereals. The majority of the tested vent stacks were uncontrolled. All tests were for PM; 
the emission factors in Table 1 are for total particulate as well as for filterable and 
condensible PM (front half and back half). 

For the uncontrolled vent emissions, the total PM emission factors m g e d  from a high 
of 0.73 lblton of processed material (cereal dryer) to a low of 0.0020 lblton of processed 
material (finish dryer). The controlled vents were exhausts from the cereal puffing guns, 
cereal cookers, or the bulk ingredient unloading operation. The highest total PM emission 
factor was 0.52 lb/ton of puffed cereal for a puff ig  gun; the lowest was 0.0086 lb/ton for 
the rotoclone (cyclonic scrubber) control on cereal cookers. 

These emission factors should be used with great caution. They are obtained from 
emission tests at only one facility and may not be indicative of factors representative of the 
industry. 

4949616030103 
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May 9, 1995 /-d - +5/ 
Dallas W. Safriet 
Emission Factor and Inventory Group 
U. S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

2 -- 7 7 -f’ 

Dear Mr. Safriet: 

I have reviewed the draft report entitled “Emission 
Factor Documentation for AP-42 Section 9.9.2, Cereal Breakfast 
Food“ as requested in your letter of April 6 ,  1995, and have also 
consulted with Bob Fast, author of the book chapter cited as 
reference 3 and coeditor (with me) of the book in which that 
chapter appears. 

In view of the report (and the draft AP-42 Section 
9.9.2 that it proposes) having been written from the literature 
by a person not known to us as having direct expertise in the 
breakfast cereal industry, it seems reasonably accurate taken as 
a whole, and also given that only a broad summary has been 
attempted. Like the author, we are unaware of any publshed data 
on emissions associated with other than the grain handling 
aspects of breakfast cereal production. However, we do have two 
kinds of observations to make about the report, the one singular 
and broad and the other multiple and detailed. 

Cereals and How They Are Made ,“ and in particular its Chapter 2, 
has been drawn upon to an extent that warrants more than a 
superscript reference citation. Published in 1990, it is the only 
book ever written on the subject, other discussions being limited 
to short articles and single chapters in more general works. It 
is clearly the source of the processing technology 
classifications used in the report, although the text language 
has been paraphrased, not entirely accurately in some instances. 
Accordingly, we request that the insert in the first paragraph of 
9.9.2.2 be included as in the copy attached. A similar insert 
would be appropriate in the third paragraph of the Introduction 
to the report (page 1-1), although this is of lesser importance 
because of the limited circulation of the report as contrasted 
with the AP-42 publication itself. 

The broad observation is that the book “Breakfast 

The multiple detailed observations consist of the 
suggestions, corrections or marginal notes appended in blue ink 
to the attached copy of the draft AP-42 Section 9.9.2. (Similar 
observations would apply to the corresponding wording earlier in 



Dallas W. Safriet 
Page 2 

the report). I will not list or comment on all of the points 
here, as for the most part they should be self-explanatory. If 
you or the report author wish to discuss any of them, I would be 
glad to do this by telephone (612/454-7250) and have retained a 
copy for that purpose. 

Most of the corrections are of understandable 
misinterpretations of the book text or other literature and 
probably will not be controversial. The most egregious error was 
application of the caption of Figure 2-7 (page 2-21 in the 
report) to the actual diagram of Figure 2-6 (page 2-20), with the 
result being labelled as Figure 9.9.2-6 (page 9.9.2-13) in the 
draft AP-42 section. While easily corrected, this would have been 
an embarrassing error. If the actual Figure 2-7 is to appear,in 
the AP-42 section (which it doesn't in the draft) and the one now 
labelled 9.9.2-6 is to remain, coordination in renumbering the 
captions and in the text (page 9.9.2-12) will be needed. 

I hope these comments are helpful. 

Yours sincerely, 

Elwood fi. Caldwell, Ph.D. 
Analytical Services Coordinator 

cc: R. ~ . ' ~ a s t  
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DRAFT 
This is preliminary material. in draft form, for purposes of review. This material must not be 

quoted, cited, or in any other way considered or used as final work. 

9.9.2 CEREAL BREAKFAST FOOD 

9.9.2.1 General' 

Breakfast cereal products were originally sold as milled grains of wheat and oats that required 

futther cooking in the home prior to consumption. In this century, due to efforts to reduce the 

amount of in-home preparation time, breakfast cereal technology has evolved from the simple 

procedure of milling grains for cereal products that require cooking to the manufacturing of highly 

sophisticated ready-to-eat products that are convenient and quickly prepaid. 

Breakfast cereals can be categorizedinto traditional (hot) cereals that require further cooking 

or heating before consumption and ready-to-eat (cold) cereals that can be consumed from the box or - 
" l i p s .  in this with the addition of milk. swtioKepresent generic processing steps. 

Actual processes may considerably between plants, even those manufacturing the same type of cereal 

Traditional Cereals - Traditional cereals are those requiring cooking or heating prior to 

consumption and are made from oats, farina (wheat), rice, and corn. Almost all (99 percent) of the 

traditional cereal market are products produced from oats (over 81 percent) and farina (approximately 

18 percent). Cereals made from rice, corn (excluding corn grits), and wheat (other than farina) make 

up less than 1 percent of traditional cereals. 

Oat cereals. The three types of oar cereals are old-fashioned oatmeal, uick oatmeal. 

instant oatmeal. Old-fashioned oatmeal is made of r o l l e d A  and is prepared by adding water and 

boiling for up to 30 minutes. Quick oat cereal %%% of thinner LA& is pre&red b g  
cooking for 1 to 15 minutes. Instant oatmeal is similar to quick oats with additional treatments, such 

as the incorporation of gum to improve hydration; hot water is added but nr+,cooking IS required, 

The major steps in.tfie production of traditional oat cereal include grain receiving, cleaning, drying, 

hulling, groat processing, steaming, and flaking. Figure 9.9.2-1 is a generic process flow diagram 

for traditional oat cereal production. 

oat  m a d  Cdubvik 2 a r t  f r ~ r r . & ~ ~  
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9.9.2-2 

Figure 9.9.2-1. Traditional oat cereal production. 
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Oats arrive at the mill via bulk railcar or truck and are sampled to ensure suitable quality for 

milling. Once the grain is deemed acceptable, it is passed over a receiving separator to remove 

coarse and fine material and binned according to milling criteria. Raw grain bandling and processing 

is discussed in AP-42 Section 9.9.1, Grain Elevators and Processes. 

Cleaning removes foreign material, such as dust, stems, and weed seeds, and oats that are 

unsuitable for milling. The cleaning process utilizes several devices to take advantage of particular 

physical properties of the grain. For example, screens utilize the overall size of the grain, aspirators 

and gravity tables utilize grain density, and discs with indent pockets and/or indent cylinders utilize 

the grain length or shape. After completing the cleaning process, the grain is called clean milling 

a oats or green oats. 

In the hulling process, most facilities use the impact huller, which separates the hull from the 

groat by impact, rather than traditional stone hulling. ?he groat is the portion of the oat that remains 

after the hull has been removed and is the part processed for human consumption. In impact hulling, 

the oats are fed through a rotating disc and flung out to strike the wall of the cylindrical housing 

,, tangentially, which& the hull ewey from the groat. The mixed material then falls to the bottom 

of the huller and is subjected to aspiration to separate the hulls from the groats. Impact hulling does 
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not require predrying of the oats, although some facilities still use the traditional dry-pan process to 

impart a more nutty and less raw or green flavor to the final product. In the traditional dry-pan 

process, the green oats are dried in a stack of circular pans heated indirectly by steam to a surface 

temperature of 93" to 100°C (200' to 212°F). However, most facilities utilize enclosed vertical or 

horizontal grain conditioners or kilns to dry the groat after it has  been separated from the hull because 

of the inefficiency of drying hulls. The grain conditioners have both direct (sparging) steam and 

indirect steam to heat the oats and impart flavor to the groats comparable to that resulting from the 

paq drying process. 

After the groats are hulled& 

-gwaJare sized to separate the largest groats from the average-sized groats. The large groats are 

used to process the so-called old-fashioned oats and the other groats are cut using steel cutters to 

make quick oats. After groat processing, the groats (either whole or cut pieces, depending on the end 

product) typically pass through an atmospheric steamer located above the rollers. The groats must 

Food And Agricultural Industry 9.9.2-3 
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remain in contact with the live steam long enough to achieve a moisture increase from 8 to 10 percent 

up to IO to 12 percent, which is sufficient to provide satisfactory flakes when the whole or steel-cut 

groats are rolled. .. 

The production of old-fashioned oat and quick oat flakes are the same, except for the starting 

material (old-fashioned oats start with whole groats and quick oats start with steel-cut groats). Both 
products are rolled between two cast iron equalspeed rolls in rigid end frames. Quick-oat products 

are rolled thinner than old-fashioned oats. Following rolling, the flakes are typically cooled and 

directed to packaging bins for holding. 

s;miIrrIy -i. 
Instant oatmeal is produced quick oatmeal through the steaming stage. 
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After the groats are steamed, they are rolled thinner than those of quick oatmeal.- 

d The final product, along with specific amounts of hydrocolloid gum, salt, 

and other additives, is packaged into premeasured individual servings. The most important difference 
I 
I 
I 
I 
I 
t 

.. 

.;sf 
The standard package for old-fashioned and quick oatmeal is the spirally wound two-ply fiber 

tube with a paper label. Folded canons are also used to package old-fashioned and quick oatmeal. 

Most of the instant hot cereals are packed in individual, single-serving pouches. 

Farina cereals. Cereals made from farina are the second largest segment of the traditional hot 

cereal market, making up 18 percent. Farina is essentially wheat endosperm in granular form that is 

free from bran and germ. The preferred wheat for producing farina is hard red or winter wheat 

because the granules of endosperm for these types of wheat stay intact when hot cereals are prepared 

at home. As shown in Figure 9.9.2-2, farina cereal production begins with the receiving and milling 

of wheat. Information on wheat receiving, handling, and milling can be found in AP-42 

Section 9.9. I ,  Grain Elevators and Processes. After mijling, traditional farina cereals are Dackaeed. 

1 1  

Quick cook farina cereals are pr &a[ 
products, and corn products. These cereals make up less than 1 percent of the traditional cereal 

market. Whole wheat traditional cereals include milled, rolled, and cracked wheat products. Milled 

J 9.9.2-4 EMISSION FACTORS 



DRAFT 

* PM 

I t Phi - -____  t PACKAGING 

Figure 9.9.2-2. Typi 

Food And Agricultural Industry 9.9.2-5 



DRAFT 
c 

cereals are made in a hard wheat flour mill by drawing off medium-grind milled streams. Rice I 
products have yet to find independence as a hot cereal, although rice can be ground into particles 

about the size of farina arid‘cooked into a hot cereal resembling farina. Corn products include corn - I 
grits, cornmeal, corn flour, and corn bran. Corn grits are served primarily as a vegetable 

accompaniment to the main breakfast item and are no$,dassrfied as a breakf t cer A Cornmeal, I h +k c 1 1  C. w - d  u SYCL. 
+‘tk*v& & UJVPII 

corn flour, and corn bran are used primarily as ingredients in the preparation of other foods and are 

not classified as breakfast cereals. 

Read To Eat Cereals - In the United States, the word “cereal” is typically synonymous with 

a product that is suitable for human consumptionAwithout further cooking at home and is 

usually eaten at breakfast. Ready-to-eat cereals are typically grouped by cereal form rather than the 

type of grain used. These groups are flaked cereals, extruded flaked cereals, gun-puffed whole 

grains, extruded gun-puffed cereals, oven-puffed cereals, shredded whole grains, extruded shredded 

cereals, and granola cereals. 

Cess. J- - &h 7 

Flaked cereals. Flaked cereals are made directly from whole grain kernels or parts of kernels 

of corn, wheat, or rice and are processed in such a way as to obtain particles. called flaking grits. 

that form one flake each. The production of flaked cereals involves preprocessing, mixing, cooking, 

dumping, delumping, drying, cooling and tempering, flaking, toasting, and packaging. A general 

process flow diagram for cereal flake production is presented in Figure 9.9.2-3. Grain preparation, 

including receiving, handling, cleaning, and hulling, for flaked cereal production is similar to that 

discussed under traditional cereal production and in AP-42 Section 9.9.1, Grain Elevators and 

Processes. Before the grains can be cooked and made into flakes, they must undergo certain 

preprocessing steps. For corn, this entails dry milling regular field corn to remove the germ and the 

bran from the kernel, leaving chunks of endosperm. Wheat is preprocessed by steaming the kernels 

lightly and running them through a pair of rolls to break open the kernels. Care is taken not to 

produce flour or fine material. Rice does not require any special preprocessing steps for the 

The corn, wheat, or rice grits are mixed with a flavor solution that includes sugar, malt, salt, 

and water. Weighed amounts of raw grits and flavor solution are then charged into rotating batch 

cookers. After the grits are evenly coated with the flavor syrup, steam is released into the rotating 

cooker to begin the cooking process. The cooking is complete when each kernel or kernel part has 

been changed from a hard, chalky white to a soft, translucent, golden brown. When the cooking is I 
I 9.9.2-6 EMISSION FAmORS 
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Figure 9.9.2-3. Process diagram for cereal flake production.’ 
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complete, rotation stops, the steam is turned off, and vents located on the cooker are opened to 

reduce the pressure inside the cooker to ambient conditions and to cool its contents. The exhaust 

from these vents may be connected to a vacuum system for more rapid cooling. After pressure is 

relieved, the cooker is uncapped and the rotation restarted. The cooked grits are then dumped onto 

moving conveyor belts located under the cooker discharge. The conveyors then pass through 

delumping equipment to break and size the loosely held-together grits into mostly single grit particles. 

Large volumes of air are typically drawn through the delumping equipment to help cool the product. 

It may be necessary to perform delumping and cooling in different steps to get proper separation of 

the grits so that they are the optimum size for drying; in this case, cooling is typically performed first 

to stop the cooking action and to eliminate stickiness from the grit surface. After cooking and 

delumping, .,he grits are metered in a uniform flow to the dryer. Drying is typically performed at 

temperatures below 121°C (250'F) and under controlled humidity, which prevents case hardening of 

the grit and greatly decreases the time needed for drying to the desired moisture level. After drying, 

the grits are cooled to ambient temperature, usually in an unheated section of the dryer. After they 

are cooled, the grits are tempered by holding them in large accumulating bins to allow the moisture 

content to equilibrate between the grit particles as well as from the center of the individual particles to 

the surface. After tempering, the grits pass between pairs of very large metal rolls that press them 

into very thin flakes. Flakes are toasted by suspending them in a hot air stream, rather than by laying 

them onto a flat baking surface. The ovens, sloped from feed end to discharge end, are perforated on 
the inside to allow air flow. These perforations are as large as possible for good air flow but small 

enough so that flakes cannot catch in them. The toasted flakes are then cooled and sent to packaging. 

Extruded flake cereals. Extruded flakes differ from traditional flakes in that the grit for 

flaking is formed by extruding mixed ingredients through a die and cutting pellets of the dough into 

the desired size. The steps in extruded flake production are preprocessing, mixing, extruding, drying, 

cooling and tempering, flaking, toasting, and packaging. Figure 9.9.24 presents a generic process 

flow diagram for the production of extruded flake cereals. The primary difference in extruded flake 

production and traditional flake production is that extruded flakes replace the cooking and delumping 

steps used in traditional flake production with an extruding step. The extruder is a long, barrel-like 

apparatus that performs several operations along its length. The first part of the barrel kneads or 
crushes the grain and mixes the ingredients together. The flavor solution wadded directly to the 

barrel of the extruder by means of a metering pump. Heat input to the barrel of the extruder near the 

feed point is kept low to allow the ingredients to mix properly before any cooking or gelatinization 

starts. Heat is applied to the center section of the extruder barrel to cook the ingredients. The die is 

my be 
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Figure 9.9.2-4. Process diagram for extruded flake production.' 
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located at the end of the last section, which is generally cooler than the rest of the barrel. The dough 

remains in a compact form as it extrudes through the die and a rotating knife slices it into properly- 

sized pellets. The remaining steps for extruded flakes (drying, cooling, flaking, toasting, and 

packaging) are the same as for traditional flake production. 

Gun-uuffed whole erain cereals. Gun-puffed whole grains are formed by cooking the grains 

and then subjecting them to a sudden large pressure drop. As steam under pressure in the interior of 

the grain seeks to equilibrate with the surrounding lower-pressure atmosphere, it forces the grains to 

expand quickly or "puff." Rice and wheat are the only types of grain used in gun-puffed whole grain 

production, which involves pretreatment, puffing, screening, drying, and cooling. A general process 

flow diagram is shown in Figure 9.9.2-5. Wheat requires pretreating to prevent the bran from 

loosening from the grain in a ragged, haphazard manner, which causes some of the bran to adhere to 

the kernels and other parts to be blown partially off the kernels. One form of pretreatment is to add 

4 percent, by weight, of a saturated brine solution (26 percent salt) to the wheat. Another form of 

pretreatment, called pearling, removes part of the bran altogether before puffing. The only 

pretreatment required for rice is normal milling to Produce head rice. Puffine can be aerformed with - .  
or- d r u o u r  -111. 

'A manual single-shot guns, automatic single-shot dr automatic multiple-shot guns In rr%lual 
single-shot guns, grain is loaded into the opening of the gun and the lid is closed and sealed. As the 

gun begins to rotate, gas burners heat the sides of the gun body causing the moisture in the grain to 

convert to steam. When the lid is opened, the sudden change in pressure causes the grain to puff. 

Automatic single-shot guns operate on the same principle, except that steam is injected directly into 

the gun body. Multiple-shot guns have several barrels mounted on a slowly rotating wheel so that 

each barrel passes the load and fire positions at the correct time. The load, steam, and fire process 

for any one barrel is identical to that of the single-shot gun. After the grain is puffed, it is screened 

and dried before it is packaged. The final product is very porous and absorbs moisture rapidly and 

easily so it must be packaged in materials that possess good moisture barrier qualities. 

a meal  01 

Extruded mn-Duffed cereals. Extruded gun-puffed cereals use,,flour as the starting ingredient 

instead of whole grains. The dough cooks in the extruders and is then formed into the dwired shape 

by means of extrusion through a die. The extrusion process for gun-puffed cereals is- at 
for extruded flake production. After the dough is extruded, it is dried and tempered. It then 

undergoes the same puffing and final processing steps as described for whole grain gunpuffed 

cereals. 

Stm# f w f d  
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Oven-puffed cereals. Oven-puffed cereals are made almost exclusively using whole-grain rice I 

I 
I 
I 
1 

or corn, or mixtures of these two grains, because rice and corn inherently puff in the presence of high 

h i t  and the proper moisture content. The grains are mixed with sugar, salt, water, and malt and 

then pressureaoked. After cooking, the grain is conveyed through a cooling and sizing operation. 

After cooling and suing, the kernels are dried and tempered. The kernels are then passed through 

flaking rolls to flatten them slightly. The kernels are dried again and then oven-puffed, which 

requires a proper balance between kernel moisture content and oven temperature. After puffing, the 

cereal is cooled, fortified with vitamins (if necessary), and frequently treated with antioxidants to 

preserve freshness. The final product is then packaged. 

I 
L l  

I 
1 
1 
1 
I 
I 
I 
I 
L 
I 

Shredded whole erain cereals. Wheat (white wheat) is primarily used to produce shredded 

whole grains. The steps involved in producing whole-grain shredded cereal are grain cleaning. 

cooking, cooling and tempering, shredding, biscuit formation, biscuit baking, and packaging. A 

generic p r o w s  flow diagram for shredded cereal production is presented in Figure 9.9.2-6. Cooking 

is typically performed in batches with excess water at temperatures slightly below the boiling point at 

atmospheric pressure. Cooking vessels usually have horizontal baskets big enough to hold 50 bushels 

of raw wheat. Steam is injected directly into the water to heat the grain. After the cooking cycle is 

completed, the water is drained from the vessel and the cooked wheat is dumped and conveyed to 

cooling units, which surfacedry the wheat and reduce the temperature to ambient levels, thus 

stopping the cooking process. After the grain is cooled, it is placed in large holding bins and allowed 

to temper. The shredding process squeezes the wheat kernels between one roll with a smooth surface 

and another roll with a grooved surface. A comb is positioned against the grooved roll and the comb 

teeth pick the wheat shred from the groove. There are many variations in the grooved roll. After the 

shreds are produced, they fall in layers onto a conveyer moving under the rolls. After the web of 

many layers of shreds reaches the end of the shredder, it is fed through a cutting device to form the 

individual biscuits. The edges of the Cutting device are dull, rather than sharp, so that the cutting 

action compresses the edges of the biscuit together to form a crimped joint, which holds the shreds 

together in the biscuit form. After the individual biscuits are formed, they are baked in a band or 
continuous conveyor-belt oven. After the biscuits are baked and dried, they are ready for packaging. 

Extruded shredded cereals. Extruded shredded cereals are made in much the same way as 
a w e a l a v  

whole-grain shredded cereals except that extruded shredded cereals usKflour as a raw material instead 

of whole grains. Raw grains include wheat, corn, rice, and oats, and, since the grains are used in 

9.9.2-12 EMISSION FACTORS 
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flour form, they can be used alone or in mixtures. The steps involved in extruded shredded cereal 

production are grain preprocessing (including grain receiving, handling, and milling), mixing, 

extruding,-cooling ind tempering, shredding, biscuit formation, baking, drying, and packaging. The 

preprocessing, mixing, extruding, and cooling and tempering steps are the same & those discussed for 

other types of cereal. Shredding, biscuit formation, baking, drying, and packaging are the same as 
for whole-grain shredded cereal. Extruded shredded cereals are typically made into small, bite-size 

biscuits, instead of the larger biscuits of whole-grain shredded wheat. 

Granolacereals. Granola cereals are ready-to-eat cereals that are- 

epared by taking regular, old-fashioned 

whole-rolled oats or quick-cooking oats and mixing them with other ingredients, such as nut pieces, 

cownut, brown sugar, honey, malt extract, dried milk, dried fruits, water, cinnamon, nutmeg, and 

vegetable oil. This mixture is then spread in a uniform layer onto the band of a continuous dryer or 

oven. The toasted layer is then broken into chunks. 

Packaging - The package materials for ready-toeat breakfast cereals include printed 

paperboard cartons, protective liners, and the necessary adhesives. The cartons are printed and 

produced by carton suppliers and are delivered, unfolded and stacked on pallets, to the breakfast 

cereal manufacturers. The liners, also supplied by outside sources, must be durable and impermeable 

to moisture or moisture vapor entry. However, cereals that are not hygroscopic and/or etain 

satisfactory texture in moisture equilibrium with ambient atmosphere do not require iners. The most 

common type of liners used today are made of highdensity polyethylene (HDPE) film. The 

adhesives used in cereal packaging are water-based emulsions and hot melts. The cereal industry is 

the second largest user of adhesives for consumer products. Several variations of packaging lines 

may be used in the ready-toeat breakfast cereal industry, including lines that till the iners a er they 

have been inserted into the carton and lines that utilize more manual labor and less automated 

equipment. 
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9.9.2.3 Emissions and Controls 

Air emissions may arise from a variety of sources in breakfast cereal manufacturing. 

Particulate matter (I'M) emissions result mainly from solids handling and mixing. For breakfast 

cereal manufacturing,, PM,emissions occur during the milling and processing of grain, as the raw 
dzpd, W 3 h . d  3 r d  

ingr ients are ed, as the grains are hulled, and possibly during 
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drying, and packaging. Emission sources associated with grain milling and processing include grain 

receiving, precleaning and handling, cleaning house separators, milling, and bulk loading. Applicable 

emission factors for these processes were developed in Ap-42 Section 9.9.1, Grain Elevators and 

Processes. Table 9.9.2-1 (Metric Units) and Table 9.9.2-2 QZnglish Units) present a summary of 

grain milling and processing emission factor data developed in AP-42 Section 9.9.1; details of the 

data and references can be found in that section. There are no data on PM emissions from mixing of 

ingredients or packaging for breakfast cereal production. 

Volatile organic compound (VOC) emissions may potentially occur at almost any stage in the 

production of breakfast cereal, but most usually are associated with thermal processing steps, such as 

puffing. -ad&e&&The use of adhesives during packaging of the final product may also be a 

source of VOC emissions. No information is available, however, on any VOC emissions resulting 

from these processes of breakfast cereal manufacturing. 

a drying, steaming, heat treatment. cooking,- ' , toasting, extruding, hHd 

Control technology to control PM emissions from breakfast cereal manufacturing is similar to 

? 
that discussed in AP-42 Section 9.9.1, Grain Elevators and Processes. Because of the operational 

similarities, emission control methods are similar in most grain milling and processing plants. 

Cyclones or fabric filters are often used to control emissions from grain handling operations 

(e. g., unloading, legs, cleaners, etc.) and also from other processing operations. Fabric filters are 
used extensively in flour mills. However, certain operations within milling operations are not 

amenable to the use of these devices and alternatives are needed. Wet scrubbers, for example, are 

applied where the effluent gas stream has a high moisture content. No information exists for VOC 
emission control technology for breakfast cereal manufacturing. 
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