Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

AP-42 Section Number: 992

Reference Number: I

Title: Breakfast Cereals, Handbook of
Cereal Science and Technology

Tribelhorn, R. E.
Marcel Dekker, Inc.

1991



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.



"\ : Reference / ‘
. ‘* SGC; Sx’ er D\ Report Sect. ’ _

Reference :
A SRS

Handbook of Cereal Science
: and
Technology

edited by

KLAUS J. LORENZ KAREL KULP

'y Colerado State University

American Institute of Baking
Fort Collins, Colorado

Manhattan, Kansas

; MARCEL DEKKER, INC.
| New York = Basel « Hong Kong




Library of Congress Cataloging-in-Publication Data

Handbook of cercal science and technology / edited by Klaus J. Lorenz,
Karel Kulp.
p- cm. -- (Food science and technology ; 41)

Includes bibliographical references and index.

ISBN 0-8247-8358-1 (acid-frec paper)

1. Cereal products. 1. Lorenz, Klaus i. II. Kulp,
Karel. III. Series: Food science and technology (Marcel Dekker) ;
41.

TP434 H36 1991 90-49154
664°.7--dc20 CIp

This book is printed on acid-free paper.

Copyright © 1991 by Marcel Dekker, Inc. All Rights Reserved.

Neither this book nor any part may be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopying,
microfilming, and recording, or by any information storage and retrieval
system, without permission in writing from the publisher.

Marcel Dekker, Inc.
270 Madison Avenue, New York, New York 10016

Current printing (last digit):
109 87 6543 21

PRINTED IN THE UNITED STATES OF AMERICA

1%

=]

cl
ct
ce
fc

ai

er
co
le
di
re

tic
st
of
an
dr
in,
du

Cr
{&]]




Y

5

18

Breakfast Cereals

Ronald E. Tribelhotn
Colorado State University, Fort Cotlins, Colorado

l. INTRODUCTION

In this century, cereal grains have found significant uses as breakfast foods. 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.

Some of the first cereal products 1o be sold were milled grains of wheat and oats that
required further cooking in the home prior to consumption. Efforts have been made to re-
duce the amount of in-home preparation required for these products through methods of
precooking or special additives. Also, the advent of the microwave oven has made home use
of these cereals more convenient.

Published information on the various processes and formulations of products that can be
classified as breakfast cereals is limited. The proprietary nature of the breakfast cereal in-
dustry limits the information base to patent records and publications by individuals not di-
rectly associated with the industry. This chapter summarizes to the largest extent possible
state-of-the-an breakfast cereal technology, explores current processing techniques, formu-
lations, and products, and provides a simplified guide to processing cereal grains into break-
fast cereal food products.

. CEREAL CATEGORIES

Breakfast cereal products can be categorized into types based on use or physical nature of
the product. Breakfast cereals will be discussed according to the following categories and
respective definitions.

741




742 Tribelhorn

1. Traditional cercals that require cooking~—cereals which are sold in the market as proc-
essed raw grains. Wheat or oat cereals typically consumed hot would be examples of
this type of cereal.

2. Instant iraditional hot cereal—cereals which are sold in the market as cooked grains
and requiring only botled water for preparation. Wheat and oat cereals are again exam-
ples.

3. Ready-to-cat cereals—a group of cerecals manufactured from grain products having
been cooked and modified such that they may be subdivided into flaked, puffed, or
shredded products.

4, Ready-to-eat cercal mixes—cereals combined with other grains, legumes, or oil seeds
and dried fruit products. Granola cereal mixes best describe this type of breakfast cere-
al.

5. Miscellaneous cereal products—cereal products which cannot be included in any of the
above types because of specialized process or end use. Cereal nuggets and baby foods
are products which may be considered in this category.

Familiarity with the U.S. cereal industry and products available permits one to identify
additional products falling into the above categories.

1. INGREDIENTS AND ADDITIVES

Most breakfast cereal products contain large amounts of cereal grains and have very few
additives. Additives are mostly used to improve the texwre of the cereal or to change func-
tional characteristics of the final product. A hist of additives and common uses in breakfast
cercals is given in Table 1.

Since cereal products are often the only food consumed for the morning meal, they are
supplemented with vitamins and minerals to improve the nutritional quality. Addition of
these ingredients is based on a specific percentage of the daily required incake for adults.
The reader is referred to applicable literature on the addition of vitamins and minerals to
cereal products for specific information.

IV. CEREALS REQUIRING COOKING

Breakfast cereal products which require cooking are mostly made formy wheat and oats.
Corn has been used extensively in the southern United States as a cooked grit. Few hot
breakfast cereals are made from rice or rice products,

A. Wheat-Based Products

Wheat-based cereal products are made from wheat middlings (farina) obtained from the
milling process. They are mostly endosperm pieces which are free from bran and germ.
Careful atiention has been given to the particle size of these middlings with the most accept-
able products having the following minimum particle size specifications.

Through U.S. #20—100%
Through U.S. #45—<1(%
Through U.S. #100—<3%

“Quick cook” cereals are prepared by steaming grain particies at elevated temperatures
and pressure followed by flaking. Generally, this method of processing reduces the prepara-
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tion time of the cereal to about one-third the time of the traditional raw cereals. Particle size
during steain cooking is critical to an acceptable product since the extent of gelatinization
during processing and the mouthfee! are affected by pariicle size (1). The smaller the parti-
cle, the more surface arca available for heat transfer and, thus, the betier degree of cook
altainable.

Hard wheats have been found acceptable for making farina-based cereals since the end
product does not get pasty (1). One disadvantage to hard wheat is the longer process time
required to achieve a good cook and to gelatinize the starch in the wheat (2). Generally, no
other cereal or cereal fractions are used as ingredients in these formulations.

Disodium phosphate has been used as a suitable additive to reduce the in-home prepara-
tion time to cook wheat cereals (3). Disodium phosphate modifies the pH of the mixture and
promotes hydrolysis of the starch during heating. Soaking farina in a solution made of so-
dium hydroxide and ammonium salt during processing has also been found effective in re-
ducing the time required to cook wheat products (4).

Gums incorporated into farina cereals are said to reduce cook time (5). The gum creates
a viscous liquid which surrounds the particles and increases the heat transferred during
cooking and adds to the overall texture of the cooked cereal. Special thickeners such as car-
boxymethylceliulose have also been used for improving texture and cookability of cereals
{6). The thickeners are especially effective for instant cereal products since their presence
results in prepared cereal consistencies similar 1o those made using traditional methods.

Special hydradon mediums which are mixtures of sodium chloride, sodium
tripolyphosphate, sodium bicarbonate, sodium carbonate, etrasodium EDTA, and water
have been effective in reducing cooking time of whole cercal grain products (7). These hy-
drauon mediums are claimed to tenderize cercal tissues at lower temperatures and pressure
than the traditional steam cook process and to reduce the amount of in-home preparation
time in half. The medium is removed by washing at the end of the process followed by dry-
ing.

Proteolytic enzymes have been used to prepare an instant type farina product (1).
Proteolytic enzyme treatment of farina permits waler access to starch granules within the
middlings particles, thus reducing the time for water absorption and gelatinization.

Fruit-flavored farina products are gaining consumer acceptance. Technigues have been
identified to make acceptable fruit flavored farina products through the addition of thicken-
ers, preservatives, and special processing techniques [8.9]. General process information for
farina based cereal products is listed in Table 2.

B. Oat-Based Products

Breakfast cereals are easily made from oat cereal (1). They have acceptable flavors and
good nutritional qualities, To make these cereals, oats are first cleaned to remove foreign
materials, then roasted. Roasting serves to soften the endosperm of the cereal and make the
hull brittle, which permits decortication and easy separation of the groats from the hulls.
The groats are then crushed between two steel rolls to form flakes. The flaked oats are
cooled, mixed with any additives, and packaged (Fig. 1). “Quick cook oats” are made in a
fashion similar to the traditional method cutlined above. A cutter machine is employed be-
tween the dehulling and rolling steps, which slices the groats into pieces measuring from
one-third to one-half the thickness of the whole groat. This step enables more surface area to
be exposed 1o water and heat during the in-home preparation, reducing the cooking time 1o
approximately 5 minutes. Traditional in-home preparation of oats requires 10— 15 minutes

(1).

————EEEEEEEE
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l RAW OATS

CLEANER  |—— DIRT, CHAFF

CLEAN RAW OATS

ROASTER (1)

ROASTED QATS

DEHULLER |—HULLS

DEHULLED OATS (GROATS)

CUTTER {1}

GROAT PIECES
|

sel™

ROLLED OQATS

ADDITIVES (1)—=] T/~ X |MIXER

FINISHED ROLLED OATS

PACKING

{1} IF REQUIRED

FIGURE 1 Process line 10 make oat cereals.

Oat-based hot cereals, are manufactured from a single cereal component. Dehulled oats
or “oat groats” is the most acceptable raw material for manufacture of this product.

Additives to oat-based cereals are primarily used to improve the texture of the cereal
when prepared. Pregelatinized starch (10), gums (11), and cereal hydrolysate (12) have
been used effectively to improve the texture of oat cereals. The hydrolysate and gums both
add consistency and thickness to the product, making it smooth and creamy in texture.

Proteinaceous fractions of oat groats have been used to prepare a quick-cooking oat ce-
real (13). These fractions when combined with processed oats at a level between 3.5 and
5.5% by weight results in a mixture that requires only the addition of boiling water to pre-
pare.

A critical problem with oat cereals is the tendency toward thick consistency and exces-
sive pastiness after extended heating, This is a problem for restaurants and institutional fa-
cilities where oatmeal is served from steam trays over several hours. Milk and cream addi-
tion (14) and monoglycerides (15) have been used effectively to reduce the sticky nature of
the hydrated oat product. Specific process information for oat cereals is given in Table 3.
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V. READY-TQO-EAT (RTE) CEREAL PRODUCTS

The largest market for breakfast cereal products is for the ready-to-eat varieties. Consumer
popularity of RTE cereal types is due to the minimal time required to prepare these products.
RTE cereals are generally manufactured from cereal grains as flakes, shreds, or shaped ma-
terials.

A. RTE Cereal Grains—Flakes

Flaked cereal grains were the first form of ready-to-eat cereal products available to the con-
sumer. Processes to make the flakes are simple and result in products that are well cooked
and have acceptable flavor.

The traditional method (1.16-18) of manufacturing a flaked cereal product begins by
cleaning the cereal grain, followed by decortication and milling to break the whole grain
into pieces that are one-third to one-half the size of the original whole grain. These pieces
are mixed with other ingredients as required and steamed for 2 hours or longer under pres-
sure. The steamed mass is then broken into small segments and dried under carefully con-
trolled conditions, The grit pieces are then either tempered for 24 hours (17) or directly
flaked between steel rolls. The resulting flakes are then dried and toasted under high tem-
perature to give a suitable flavor and color, A traditional process flow is shown in Figure 2.

Variations of this process have been used to improve and introduce new flaked cereal
products (17-21). the primary difference between these processes and the traditional flak-
ing process is the replacement of the steam-cooking step with extrusion processing. In addi-
tional to cooking the grains, extrusion allows formation of uniform pellets and thus fiakes,
which can be made from single or multicomponent formulations. A typical process flow to
make a flaked product from the output of an extruder is also shown in Figure 2.

Flaked cereals are manufactured mostly from corn and wheat. A typical flaked cereal
might have as a formulation approximately 90% cereal component plus 8% sugar, 1% salt,
and 1% malt. Recently developed flaked breakfast cereals have included multiple cereal
formulations and cereal formulations in combination with other grain seeds such as soy-
bean.

Efforts have been made to use oats in flaked products (18.19). In one instance, a mixture
of oat flour with other cereal grains was used to make a flaked cereal {19). Ranges for ingre-
dients are as follows:

Oat flour: 60-70%
Rice flour: 7-12%
Soy flour: 5-10%
Sucrose: 5-15%
Lecithin: 0.5-.15%
Salt; 2-4%
Casein: 1.5-3.5%

Formulations for flaked cereals made directly from the output of an extruder have also
been considered (22). In this case, oat type flakes were being manufactured from a formula-
tion consisting of 57% oat flour, 33% water, and 10% sugar.

Flaked cereal products contain few additives since the process does not require special-
ized treatment of raw materials. Sugar and malt are frequently added to flaked cereal formu-
lations in order to improve the flavor. The presence of sugar and malt in the formulation also
promotes the Maillard reaction, which adds color and flavor to the flakes.

A
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FIGURE 2 Process lines for cereal flake production.
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An organic silicone-based additive which reduces the degree of liquid absorption when
milk is added to a flaked cereal has been proposed (23). While results showed promise, use
of this additive has been limited.

Papain has been used in formulations which incorporate soybean to enzymatically treat
the bean and improve processing capability (24). sodium bicarbonate has been used to re-
duce unacceptable flavors in formulas containing soybean (25). Processing descriptions,
additives, and ingredients found in flaked products are shown in Table 4.

B. RTE Cereal Grains—Puffed Products

Cereal grains are well suited 10 expansion type processes for the manufacture of breakfast
cereals. The starch contained in these grains can be modified easily by forcing water into the
starch molecules at high pressures and iemperatures. Rapid release of this high pressure and
water results in rupture of the starch granules forming a cellular structure piece which is
uniformly delicate and brittle in texture. Puffed breakfast cereal products are popular be-
cause processes used permit shaping of the final product, making the product more appeal-
ing 10 the consumer.

Puffing of cercals was originally done using puffing guns (1,16). These devices were
designed to heat and pressurize cereal products with steam, hold the cereal at these condi-
tions over a specific period of time, and then release the steam pressure quickly from the
chamber. The rapid release of pressure coupled with the flashing of the moisture results in
an expanded or puffed product. Several variations to the traditional puffing apparatus have
been proposed to improve (28) or change the traditional batch process puffing gun into a
continuous process (26,27,29) and to improve operational conditions and controlling pa-
rameters for these processes (30).

Extrusion has also been found useful in making puffed or expanded cereal pieces, The
extruder permits shaping of cereal grains, as well as cooking and mixing of cereal formula-
tions. Extrusion has been used to process grains prior to puffing gun expansion and to make
unifonnly shaped spherical breakfast cereals (18,31). Direct expansion from the extruder
has also been proposed to eliminate the puffing gun step (32-34). Dry raw materials are
introduced into the extruder or, in some instances, into a preconditioner before extrusion.
The raw cereal grains are allowed 1o pass through the extruder, which is nonmally operating
at a high temperature and pressure. After passing the extruder screw, the mixed ingredients
undergo a rapid pressure reduction upon exiting the die and expansion of the starch occurs.
By carefully designing the die, shaped products with various textures may be achieved. The
product is then dried and coatings are applied.

Improvements in extruders and extrusion technigues now enable new special products
such as multiple cross-section products to be made. One product discussed (25) was made
from two extruders combining flow into one outlet die. Using this design, one extruder
might be used to process the cereal grain which would form the outer shell of the processed
cereal piece. A second extruder would process materials which might fill the inner sections
of the cereal piece with a soft filling or colored cereal product. These extrudates can be
flaked or puffed to produce a product with varying colors or cross-sectional appearance and
1eXiures.

Another convenient way to manufacture puffed products is 1o follow cooking, which
could be done in an extruder, with high-temperature drying in an oven or dryer. Extrusion,
in this instance, is used to cook and gelatinize the cereal before puffing, Typically ovens are
set for very high temperatures (274-288°C). Marerials are held for very short times at this
temperature 1o avoid excess heat, which can cause off-flavors. The high oven temperature
drives off moisture, rapidly resulting in expansion or puffing of the individual pieces.
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FIGURE 3 Process lines used to make puffed or expanded cereal pieces.

Fluidized bed driers (31) and microwaves (36) have been used to replace drier ovens with
successful results. Processing schemes typically used for the manufacture of expanded
breakfast cereals are shown in Figure 3.

Whole cereal grains which have been cleaned and semetimes decorticated are used as
the raw materials for puffing guns. Such products as puffed wheat and rice are made in this
fashion. A typical formulation when using extrusion processing will include one or two ma-
Jor cercal components such as corn and wheat. Additives, if necessary to achieve a special
product characteristic, are mixed into the cereal components prior to cooking. For example,
addition of special starch fractions to the cereal components have been used and shown to
improve the expanded cereal piece by making it more delicate and uniform in texture and
appearance (37). The addition of starch permits control of expansion and texture in these
products and may be added at levels between 5 and 50%, depending on the type of starch
used. Sugar adds flavor to cereal products but can also provide a certain degree of control on

expansion (17).
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Sodium bicarbonate has been used in the puffing process in the presence of soybean to
reduce the unacceptable bean flavor in the final product (25). Sodium bicarbonate has also
been used as an ingredient with wheat and honey to make a honey-graham flavored cereal
(38). Other additives, when required, are typically added during the coating process. Typi-
cal and published formulations and processes dealing with both extrusion and puffing gun
technology are given in Table 5.

C. RTE Cereal Grains—Shredded

Shredded breakfast cereals are made from whole cereal grains and primarily wheat. New
shredded products are being developed which use aliernative cereals, such as rice or com
and some are now offered with soft center, fruit-flavored confections.

Typical processes have been described for making shredded products (1,16). Cereal
grains are cleaned and boiled in water until tender. The moisture in these cooked grains is
allowed to equilibrate in a tempering process for several hours before processing the grains
into shreds with steel rollers. For this step, one roller is smooth and the other roller is corru-
gated to form the small strands. The strands exiting the rollers are cut into the bite-sized
pillow-shaped products and dried or baked. The finished shaped products are then packaged
or coated as required.

Extrusion is also being used to make shredded products (16). This process has been used
more extensively for production of shreds from flinty com and rice cereal is more versatile
and permits incorporation of other cereal products, ingredients, and additives. Minor ingre-
dients such as salt and sugar are included in some of these formulations. A few applications
are shown in Table 5.

A Targe portion of the shredded cereal market is for bite-size, shredded biscuits. For this
product, strands of the formed dough are passed between two rollers, one smooth and one
with knives placed radially, which pinch and cut the strands into bite-size pieces (39).

D. Miscetlaneous Cereal Products

A number of cereal products available in the market cannot be placed in any of the above
categories because of their unique qualities. This section is devoted to these processes.

1. Granola

Granolas have become popular because they are an alternative to the processed cereal prod-
ucts discussed above. Granolas are typically a composite of several kinds of grains and addi-
tives, which are clustered together. A typical process for this type of product utilizes fiaked
products such as rolled oats, barley, or other cereal grains and combines these with other
noncereal preducts, such as nuts, coconut, oil, water, and spices. These mixes are then dned,
toasted, and broken into pieces for consumption (16},

2. Cereal Granules

Cereal granules are a cereal product made by a unique process (1). A stiff dough is made
from cereal grain flours, such as wheat and barley, salt, dry yeast, and water. The dough is
stored under controlled conditions for several hours, shaped into loaves, and then trans-
ferred to an oven to bake. The oven is set for 400°F, and the dough is baked for 2 hours. The
baked loaves are cooted, then broken into pieces with shredding knives and returned to an
oven set for 250°F for 2 more hours of baking. The pieces are removed from the oven and
broken up into small granules.
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3. Baby Food Cercals

Baby food cercals are typically fed not only for breakfast, but also for other meals as supple-
menis to breast milk or o inroduce infanis to soiids. The majority of baby foods sold are
canned. However, there are some dry cereal products available that are used as RTE cercals.
These are usually made from rice, barley, and sometimes wheat. The traditional method for
making these cereal products is to cook the decorticated and degermed cereals in water fol-
lowed by drum drying to form the flaked cereal products. Extrusion has been used in the
manufacture of high protein cereal flakes for baby foods (40). Few additives and preserva-
tives are used,

Vi. COATINGS FOR BREAKFAST CEREALS

Breakfast cercals that have been processed into a flake or puffed product have very little
flavor. The high temperatures used 10 process the cereals can distill flavors from the foods,
making flavor addition or enhancement necessary for product acceptability. Sweet flavors
are generally the most accepiable for breakfast cereals, and, therefore, the majority of coat-
ing materials have a sugar base. The largest problem with sugar coatings and their applica-
tion is control of the quantity metered onto each cereal piece and the resulting appearance of
the coating after application. Careful selection of the application process and additives
helps overcome these problems,

Application of flavor coatings on cereals is difficuli due to the hygroscopic nature of
cereal products after they have been processed. Sugars required water as the solvent, which
is absorbed rapidly by processed cereal products. The rapid absorption causes sticky pieces
which are difficult 1o dry, and in some instances the coated cereals adhere to each other. To
minimize this problem, the amount of water in the coating step is reduced ot a coating tech-
nique is used.

An acceptable coating has been achieved by heating sugar with water to a hard candy
condition and spraying it on cereal products under constant pressure (o keep the cereal
pieces fluidized (17, 41). The enrobed material is then heated to fuse the sugar to the cereal
product.

An acceptable and novel method of providing sweetened cereals is through the use of a
spun sugar coating. The sugar is spun into a blanket, processed cereal pieces are placed on
top of the blanket, and then a second blanket is placed on top of the cereal pieces. The spun
sugar is compressed around the cereal pieces and dried. The coating is said to dissolve in
milk upon contact (42).

An alternative 1o coating is to provide the sweetener through sugar bodies. Sugar bodies
are made by combining sugars with other ingredients, cooking these ingredients together to
form a hard candy, cooling carefully, adding flavors and colars, followed by a process of
kneading and vacuum expanding the material to shape the material into individual pieces
(43).

Mosi cereal coatings use sucrose as the main ingredient. Variations in formulation can
be achieved by changing the mix of sugar types and other additives to achieve a certain
hardness or appearance 1o the coating. Variations and acceptable ranges for sugar compo-
nents have been oudined (44) and are as follows:

Sucrose: 10-70%
Glucose: 1-30%
Invert sugar: 5-25%
Water; 15-40%



3

Tribelhorn

cals as supple-
foods sold are
s RTE cereals,
nal method for
Is in water fol-
en used in the
and preserva-

ave very little
“om the foods,
Sweet flavors
jority of coat-
their applica-
appearance of
and additives

»pic nature of
©olvent, which
| sticky pieces
zach other. To
.coating tech-

a hard candy
zep the cereal
1o the cereal

‘h the use of a
are placed on
zes. The spun
10 dissolve in

Sugar bodies
s together to
* & process of
vidual pieces

-mulation can
eve a certain
ugar compo-

Breaklast Cercals 751

Application of sucrose and sugar syrups generally results in cereal pieces thac stick to-
gether and a coating that crystaliizes into an opaque appearance. To overcome these prob.
lems, nonsucrose sugar materials such as glucose or invert SUZAr are incorporated (44.45).
Honey is one form of nonsucrose sugar which is used extensively since the flavor character-
istic is acceptable and a transparent coating can be achicved.

Additives to coating formulations are generally limited to flavor enhancement and to
improving the adhesion of the coating to the cereal. Acetic acid in comb-ination with sodium
acetate has been added to cereal coatings (44) and, the proper proportions, provides some
flavor enhancement. To reduce problems with using water as a solvent, emulsifiers have
been added to create emulsions of oil, water, and sugar (46). This reduces the amount of
water that will penetrate the cereal piece and reduces the amount of drying that is required.

Thickening agents are sometimes employed to change the consistency of coatings. For
the sugar body method of sweetening, scveral thickeners such a melhylcellglosc, gum al-
ginate, dextrin, pregelatinized starch, and other hydrophilic colloids are considered accept-
able (43). Another method of coating cereals has been devised and involves the addition of
an encapsulating colloid material with a solvent, which is used as a cartier for the sweetener
(47). The solvent is evaporated, and, in the process, the colloid and sweetener merge with
one another 1o coat the cereal, giving a frosted appearance. .

While sugar materials are considered to have limited nutrition, they are suitable as en-
ergy sources for breakfast cereal foods. There arc also concerns about the effects on dental
caries. The addition of monosodium dikydrogen phosphate at levels between 0.5 and 1.5%
proved effective in reducing the occurrence of caries through consumer testing of the prod-

uct (48).

VIl. CONCLUSION

Breakfast cereal processors continue to develop new formlations and processes to nnprovu"
and increase the selection of consumer products. A substantial number of the new _pr'odu.cts
being introduced are tailored to compete with health foods. By-products of the m:llmﬁ, m
dustry continue 1o find application in RTE type breakfast cereals. Brfm products such as
wheat and oat bran are found in cereal products and are gaining popularity because of mc‘d_r-
cal evidence supporting a connection between intake and reduction of cholesterol levels in
the blood. o o o

Processing is becoming more flexible due to the application ofl twin-5¢ rew exirt {f, .d
These machines can be set up to perform muliiple operations and proqur a Consmm-“l‘“l] :
specific history to the material being processed. With the ability to modify and control the
shear environment in these extruders, it should be possible in the future (o usc
of specialized cereals, grains, additives, and sweeteners to result in 2 number of new
unusual products.

a4 wider range
and
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TABLE 1 Additives Commonly Used in Breakfast Cereals

Additive

Common usage in cereals

1. Annatto
2. Barley mult flour

3. Butylated hydroxyanisole

4. Butylated hydroxytoluene

5. Brown sugar

6. Calcium carbonate

7. Calcium caseinate

8. Carrageenan

9. Carboxymethyl cellulose

10. Cereal malt syrup

1. Com syrup

Add butter or peach color 10 cereal products

Typically added to raw materials

Source for - and f~ amylase (49)

Enhances starch hydrolysis (50)

Flavor enhancer

Prevention of oxidative rancidity of oils (49)

Added to food directly and/or to packaging ma-
terials.

Sum of two methods no more than 50 ppm

Prevention of oxidative rancidity of oils (49)

Added to food directly and/or 10 packaging ma-
terials. Sum of two methods no more than 50
ppm

Flavor enhancer added at raw materjal stage or
a part of coating for cereal

Effective in control of gelatinization of starch
(49)

Control of puff and cook (49)

Mineral supplement (51)

Dough conditioner (S1)

Dough-firming ageat (51)

Viscosity modification (17)

pH modification (acidic) (17)

Mineral supplement (52)

Emulsifier (51)

Thickener or gelling agent (51)

Stabilizer (51)

Used in cereal coatings

Used for binding and thickening cereal-coating
formulations

Emulsifier (51)

Used as sweetener and flavor additive for raw
matetials and sugar coatings (49)

Inhibits crystallization of sucrose during coating

Impants sheen to product surface (49)

Color (Maillard reaction)

Used as sweetener and flavor additive for raw
materials and sugar coatings (49)

Inhibits crystallization of sucrose during coating

Imparts sheen to product surface 49

Color (Maillard reaction)
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Additive

Common usage in cereals

12. Dexfrose
13. Dicalcium phosphate
14. Disodium phosphate

15. Ferric phosphate

16. Fructose

17. Gelatin

18. Glycerine
19. Guar gum
20. Gum arabic

21. Invert sugar

22. Lecithin
23. Malic acid

24. Modified corn starch

Sweet flavor enhancer (49)

Color (Maillard reaction)

Acidification of dough (52)

Dough modifier (52,53)

Promotes acid hydrolysis of starch in cereals
(52)

Iron supplement (52)

Cooking aid for hot cereals at levels of
0.2-2.0% (52)

Flavor enhancer added at raw material stage or a
part of coating for cereal

Effective in conol of gelatinization of starch
(49)

Control of puff (49)

Thickener for sugar coatings

Dough modifier (17,54)

Crystalline modifier—prevents improper crystal-
line formation in cereal coatings (49)

Adhesive used for coatings and glazes on cereal
products

Adhesive for icings, glazes, and sugar coatings
(49,54)

Used to control and modify crystalline structure
(49)

Used in sugar coatings

Cereal flavor enhancer

Emulsifier (17}

Additive to cereal products to impart acidic fla-
vOrs

Used in Fruit~flavored products

Control of density of puffed cereal products
(17,55,56)

Alter strength characteristics of puffed cereal
products (17,55,56)

Used as additive to improve shelf life of cereals
(17.55,56)

Humectant (17,55,56)

Flavor enhancer (17,55,56)

Binder for oils and fats in cereal products
(17,55,56)
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TABLE U (Continued)

Additive Common usage in cereals

25. Molassces Flavor enhancer added at raw material stage or a
part of couting for cereal
Effective in control of gelatinization of starch
(49)
Control of puff and cook (49)
26, Maltodextrins Carrier for water-insoluble flavors (49)
Thickener and body improver in cereal flours
(50)
Reduce volatilization of flavor from mixes of
cereals (49)
27. Monosodium dihydrogen Additive to cereal coatings to prevent dental
phosphate caries (48)
28. Qils or fats Conrol of dough strength and viscosity during
processing (17)
! Control of puffed cereal textures (17)
» Improvement or madification of mouth feel and
product functional characteristics
Food energy additive
29. Papain Proteolytic enzyme used primarily in cereal
foods containing soybean products
{mproves or alters cooking characteristic of ce-
reals (1)
30. Salt Flavor improverment
Buffer
31. Scedium alginate Gelling or thickening agent for fruit filled cere-
W als
32. Sodium bicarbonate pH modifier in doughs (51)
Flavor modifier cereal products containing soy-
bean (23)
33. Sodium phosphate {monobasic)  pH modifier in doughs (52)
Conirol and enhancement of starch hydrolysis

Antioxidant (52)
Flour modifier (52)
34. Sodium phosphate (dibasic) Buffer (51)
Mineral supplement (51)
33. Sorbitol Used as a sweetener in cereal flour products at

acceptable levels of 1-3% (49)
Crystalline modifier and control additive for
* sugar coatings (49)
Humectant (49)
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Additive

Common usage in cereals

36. Sugar (sucrose)

37. Tricalcium phosphate

38. Water

39. Wheat starch

40. Yeast

41, FD&C colors (yellow, red)

Flavor enhancer added at raw material stage or a
part of coating for cereal

Effective in control of gelatinization of starch
{49}

Control on degrees of puff and cook (49)

Anticaking agent (49,51)

Buffer (49,51)

Mineral supplement (49,51)

Control of expansion in puffed cereal products

Control of degree of cook in expanded cereal
products

Solvent for sugar and other cereal coatings

Control of product texture in cereal food prod-
ucts (49)

Control of protein levels in cereal flours through
dilution

Control of cellular structure of puffed cereals
(17,55,56)

Control of puffed cereal texture during extrusion
and puffing (17,55,56)

Adjustment of rate of hydration in water
{17.55,56)

Retention of oil in cereal flour mixtures
(17,55,56)

Flavor modification and enhancement

Dough modifier

Leavening agent (49)

Color modification to cercals

Added before extrusion at 300 ppm (17)

Soluble in water and glycering
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