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BASICS OF FLOUR MIXTURES

Breads have been baked as a mainstay of the diet for many civilizations over the
centuries. Ancient Egyptians apparently had the ability to make leavened bread
more than 5,000 years ago. Today breads take many different shapes and include
diverse ingredients, depending upon the particular staple grain available and the
cultural preferences of consumers.

Interest in bread has undergone a resurgence as people have become
increasingly aware of the nutritional merits of complex carbohydrates and
fiber. The enthusiasm for natural foods without preservatives has prompted
the bakery industry to market breads containing a variety of whole-grain
cereals. Consequently, the standards that people formerly used for selecting
breads in the marker have undergone some significant changes from the
“balloon” loaves of earlier years. This same movement is reflected in the
increase in baking bread at home, particularly breads made with mixcures of
different flours.

Bread and other baked products, such as cakes, cookies, and pastries,
are made using flour as the primary ingredient, which is mixed with a liquid
and usually various other ingredients to create a batter or a dough. When these
are baked, their structures set so that they can be cut and often may be held in
the hand.

Batters and doughs have varying physical properties because of the different
flour-to-liquid ratios in them. Batters fluid enough to be poured (approximately
equal parts of liquid and flour) are classified as pour batters. Popovers, pancakes,
and shortened cakes are baked from pour batters (Figure 15.1). A soft batter
(made with twice as much flour as liquid) can be dropped from a spoon.
Dumplings, some cookies, muffins, and various other quick breads are products

made with soft batters (Figure 15.2).

Kéy Concepts

2. Otheringredients (e.g.,

3. Ratios of ingredients and

4. Altitude influences the ratio

AT S BT U W X AR

1. Wheat flour contains
glutenin and gliadin,
proteins that can be
manipulated in the
presence of water to form
gluten, a somewhat elastic
and cohesive complex
capable of providing much
of the structure of baked
products.

eggs, sugar, salt, leavening
agents, liquids, fats, or oils)
may be added to contribute
their unique functions in
various baked products.

the techniques used in
mixing batters and doughs,
as well as baking conditions,
all play roles in determining
the characteristics of the
end product.

of ingredients required
to make successful baked
products, particularly cakes.

pour batter Flour mixture
with approximately equal
amounts of flour and

liquid (1:1 ratio); popovers
and shortened cakes are
examples.

soft batter Flour mixture
with twice as much flour as
liquid (2:1 ratio); muffins and
drop cookies are examples.
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Figure 15.1 Figure 15.2
Popovers are made using a pour batter (ratio of 1 part Muffins are made using a soft batter (ratio of 2 parts floyr
flour to 1 part liquid). Courtesy of Plycon Press. to 1 part liquid). Courtesy of Plycon Press

Doughs contain much less liquid in relation to flour, creating a mixture thar can be

soft dough  Flour mixture handled if hands are lightly floured. Soft doughs (approximately three times as much flour as
with approximately three liquid) are somewhat resilient when they are kneaded (Figure 15.3). Yeast breads and baking
times as much flour as liquid powder biscuits are examples of baked products made from soft doughs. If abou six to cight
(3:1 ratio); biscuit and bread times as much flour a5 liquid is used, a stiffdough will resule. Pastry dough is an example of a
doughs are examples. stiff dough (Figure 15.4) using six times as much flour as liquid, and pasta dough is even stiffer
stiff dough  Flour mixture and drier (eight times as much).

with about eight times as All baked products Possess a structural network, 3 combination of protein and starch,
much flour as liquid (8:1 responsible for holding the baked item together. Many studies of batrers and doughs
ratio); pastry and pasta are directed toward the development and solidification of this network, Wheat, with ics unique
doughs are examples. proteins, is the basis of high-quality batter and dough products. No othe; cereal or other type

of food possesses the specific characteristics thar can be developed when whear flour is used
in mixing and baking barcers and doughs. The nature of wheat flour and is contributions to

batters and doughs, as wel] as the roles of other ingredients of batters and doughs, are discussed
in this chapter.

Figure 15.3 Figure 15.4
BISCLJ.ItS are made using a soft dough (ratio of 3 parts flour to 1 B .d | ,
part liquid). Courtesy of Plycon Press, Y 1S Made using a stiff dough (ratio of 6 parts 1iour 10

f Plycon Pre

1 part “qud). Cour?e:y

e




R R S e o ki et i . o S i e e i el

BASICS OF BATTERS AND DOUGHS CHAPTER FIFTEEN 341

WHEAT FLOUR

Flour is the name applied to any finely ground cereal grain,
although many people use the term to mean specifically
the product resulting from grinding wheat (Figure 15.5).
The protein in wheat makes it possible to produce breads
capable of withstanding the force involved in spreading
butter or margarine on them. Protein also is responsible
for the fact that cakes and pastries made with wheat flour
can be cut and served without disintegrating,

Gluten, the key protein complex in wheat flour, is
responsible for the elastic and cohesive nature of batters
and doughs made with this type of flour. The starch in
that same flour is of value in strengthening structure and
absorbing the extra liquid during baking. However, the
starch from any type of flour can perform these functions.
[t is the protein in wheat that is so distinctive.

Figure 15.5
o The kernels of wheat are milled to make the flour that provides much of the
Mé;*ng structure of most baked products. Courtesy of Agricultural Research Service
To obtain the flour used in making baked products, the
wheat grains undergo a grinding and refining procedure, a process called milling (Figure 15.6). milling  Grinding and
Milling begins with the grinding of whole wheat kernels after a very brief preliminary steam separating of the desired
treatment (tempering), which facilitates separation of the outer layers and the germ from the fractions of the cereal kernel

endosperm (Chapter 10). Grinding shatters the endosperm and splits off the bran coating, to produce flour.

although the bran tends to remain intact. At the same time, its fat content allows the germ to be
pressed into flakes, and these separate readily from the endosperm.

Separation of the various fractions of the kernel is done by using air currents. The differing
weights of the various fractions cause them to be tossed with varying case by the currents. The
different fractions can be directed and collected in streams ranging from whole wheat flour to
very refined for use in making particular flour products.

Bleaching and Maturing

Freshly milled wheat flour tends to produce products with reduced volume and rather sticky
doughs, characteristics that do not exist if a mature flour is used. Unfortunately, maturing or
aging is costly because of the cost of the storage space and also because of prospective loss due
to insects or rodents during prolonged storage. To overcome the performance objections and
to shorten the storage times, the milling industry adds bleaching and maturing agents to the
freshly milled flour. Additives approved for use include chlorine dioxide gas, acetone peroxides,
and oxides of nitrogen. Soft wheat flours may be marured and bleached with chlorine gas and
nitrosyl chloride. These bleaching agents lighten the pigments (xanthophyll and anthoxanthins)
in the flour. The improved baking performance is attributed to a change in the chemical
structure of the protein (see Science Note—Flour Proteins and Lipids on page 335).

Enrichment

Since the milling of flour splits the vitamin- and mineral-rich bran and germ from the
endosperm and removes these fractions in refined flours, much of the nutritive value of flour is
lost. The advantage of milling is that the keeping quality of the refined flour is improved due
to the removal of the germ and its fat (with its potential for becoming rancid). To compensate
for the removal of important nutrients, a federal enrichment program requires the addition of
2.9 milligrams of thiamin, 1.8 milligrams of riboflavin, 24.0 milligrams of niacin, 0.7 milligrams
of folic acid, and 20 milligrams of iron per pound of flour. Calcium is an optional additive, but
if added, it is to be added at the rate of 960 milligrams per pound of flour.
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http://food.oregonstate.
edu/learn/flourm ixgen.html

—Background information
on flours.

http://www.bettycrocker.
com/products/gold-medal-
flour

—Extensive suggestions and
information about baking.

http://www.kingarthurflour.
com/

—Information on flours and
baking.

htto://www. cookeryonline.
com/Bread/index.htm|

—Basic information on
various flours.

http://www.joyofbaking‘
com/Recipelndex.htm|
—Wide range of baking
ideas and recipes.

http://www.pi/lsburyba/(ing.
com/

—Extensive suggestions
and information about
baking.

FOOD PREPARATION

Cleaned grain

Tempering (steam)

Grinding

Rolling

Bran + Endosperm + Germ

Whole wheat flour
| Extraction (bran and germ)
Endosperm
| Enrichment
Refined wheat flour
Bread (95% of streams)
All-purpose (90% of streams)
Pastry (80-90% of streams)

Cake (40-70% of streams)

£ - i

Figure 15.6
Overview of the steps in milling wheat. Courtesy of Plycon Press

Flour that has been enriched must bear 5 labe] indicating this, bur there s no federal legislation
requiring enrichmen; of refined floyr. However, mog; states now have legislation mandating that all
refined flour and bakery products made with refined floyr must be enriched. Although the ;'nrichcd
flours are not enriched with a]] of the nutriengs Joge in milling and refining wheat, they are very
wholcsomf: and Nourishing, and they do provide important sources of four B vitamins and iron.

Enriched .rcﬁncd flour produces lighter baked products with finer textures and volume than
;m be mad}f using t'he whole-grain floy; or blends of whole-grain flour with other cereal flours.
ﬂa(\:(‘:,:‘:;rl’o;, znf;u[fef;z]";;’jillgere(;f;:r}lte}]:\:]hi()rllc-fr;ixl Pruduct.\ ls sl‘ighll)' hi‘l-’.hcr. and f',“'i"_r"'?‘ffi;:
Bebi e SR ke i ﬂf))u(: lfcts {nadc of.cnrlc_hcd refined flour. The dmu.c.

Iepresents an intelligent approach to good nutrition.

Types of Flour

Bread Flour

provided by the
ideal for developin
available for home yge,

Bakers il ! .

Ptk ze bread floyy when making breads because of the strong structure

€n it ¢ i $ i € .

& th }?nfams. The Compafaflvdy hlgh protein in this hard wheat flour is
€ Cohesiv - . . I T

g € crumb qualiy needed in breads, Bread flour ordinarily is not
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All-Purpose Flour All-purpose flour is made from hard wheat or a blend of hard and soft
wheat. These types of whear, commonly grown in the central p
a ﬂ()t‘lr with a protein content of about 10.5 percent. The protein content is sufficient to make
satistactory breads, yer it is not so strong that cakes will be unpleasantly tough. Consequently,
all-purpose flour can be used with reasonable success to make any l\'};c of baked product for
families, which explains its other name—family flour. o

All-purpose flour is available bleached and unbleached, to suit individual consumer
preferences. The unbleached version is preferred by people who are concerned abour additives
in food and are willing to accept baked goods of somewhat reduced quality in preference to

art of the nation, usually result in

harm from the use of additives approved for bleaching flour.

Cake Flour The desired tenderness and fine texture in cakes are promoted by the use of cake
flour. This type of flour, made from soft whea, has a protein content of only about 7.5 percent.
Not only is it significantly lower in protein than all-purpose flour, but the protein structure
resulting from use of cake flour is more tender and finer than the comparable all-purpose

product (Figure 15.7).

Pastry Flour Pastry flour is quite similar to cake flour in that it contains about 7.5 percent
protein and also is made from soft wheat. However, it is not ground to as fine a particle size as
is cake flour. This is the type of flour preferred by commercial bakers for making cookies and
pastries, but it is not commonly available to home bakers.

Whole Wheat Flour As the name implies, the entire wheat grain is used in making whole
wheat flour. The presence of the bran adds a slightly crunchy texture and a light brown color.
Unfortunately, the presence of the germ limits the shelf life of whole wheat flour, because of the
fat present in this portion of the grain. Products made with whole wheat flour are a bit more
compact, lower in volume, and more chewy than those made with refined all-purpose flour.

Self-Rising Flour Self-rising flour is, in a sense, a partial mix for baking. It contains not
only flour but also an acid salt (usually monocalcium phosphate), baking soda, and salt (sodium
chloride), the amounts of these providing the equivalent of half a tablespoon of baking powder
and half a teaspoon of salt per cup of self-rising flour.

Recipes stipulating self-rising flour have already been adjusted to compensate for these
additions, but the salt and baking powder need to be omitted if using self-rising flour in
recipes based on use of all-purpose flour. Similarly, self-rising flour is not well suited for use in
yeast-leavened products. The wheat used in producing self-rising flour is a blend of hard and
soft wheat to give a total protein content of about 9.3 percent, somewhat lower than the usual
level in all-purpose flour. Self-rising flour is particularly popular in the
South, where it is often preferred for making biscuits.

Gluten Flour The protein level in gluten flour is raised to about
41 percent by the addition of vital wheat gluten, a dry form. This gives
a distinctly chewy texture to breads (usually marketed as gluten bread)
made with this type of flour. From the perspective of nutrition, there is
no need to use gluten flour, for the average American diet contains far
more protein than is needed. However, it does add variety to the types
of breads in the diet and clearly is an appropriate choice for those who
like it.

Other Flours Rye flour is used in conjunction with wheat flour in
making rye bread. Although rye flour has some capability in contributing Figure 15.7

consuming additives. This clearly is a matter of individual choice. for there is no evidence of
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all-purpose flour Flour
from hard or hard and
soft wheat blended;
protein content of about
10.5 percent and suitable
for making most baked
products.

cake flour Fine-textured
flour from soft wheat;
contains about 7.5 percent
protein.

pastry flour Moderately
fine-textured soft wheat flour;
about 7.5 percent protein.

whole wheat flour Flour
containing the bran and
germ, as well as the
endosperm.

self-rising flour Flour
containing the necessary
amounts of baking powder
and salt for preparing batters
and doughs, making it
necessary to eliminate these
two ingredients from recipes
if substituting self-rising flour.

triticale Grain produced
by crossing rye and wheat;
its flour has a protein
mixture with some potential
for making good baked
products.

..\\. \\t\?g M:?\. g:{

A

; in i i i d elastic than is that
to structure, the protein in rye is less cohesive an Gluten ball from cake flour (left) and from all-purpose

comprising the gluten in wheat.

flour (right). The smaller content of protein in cake flour

Triticale is a comparatively new grain developed by crossbreed.ing is evident when compared with the all-purpose flour
wheat and rye. It carries some of the characteristics of both parent grau.w, product. The balls are essentially all protein, the starch
but it cannot be used in place of wheat in achieving optimum quality  having been removed by washing them under cold
in baked products. However, continuing research efforts exploring the  running water until no starch remains before baking.

utilization of triticale flour in baking may eventually make such products  Courtesy of Plycon Press.
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quite acceptable without the addiFion of wh.cat ﬂo}lrs. The Somewhy
higher level of lysine in triticale, in companson. WIfh wbcat proteing,
makes triticale of interest nutritionally because lysine is a hmiting amipg
acid in wheat. Partial substitution of wheat flour with triticale flour jp
breads and other baked products can be done with good resulgs.

Use of Flour in Baked Products

Gluten When water and wheat flour are mixed together, a cohesiye
quality begins to develop in the dough or batter, lcnding L0 increased
resistance to mixing and an clasticity. These characreristics are the
result of an association between insoluble proteins in the flour o form
a complex known collectively as gluten (Figure 15.8). Gluten cap
be stretched into fairly thin scrands to form cell walls in barters and
stretch during baking until the temperstire Bacar doughs during the ca‘rly phase of baking and then ro l.m‘mnc rigid in rh.e
s0 hot that the protein denatures. Denatured gluten is extended conformation as heat denatures .lhc pn.)u:m. In essence, this
responsible for much of the structure of baked products.  describes the significance of wheat gluten in providing the structure jp
Courtesy of Plycon Press. baked pI‘OdUC[S.

Development of the optimum gluten network is central ro making batter and dough
products of excellent quality. Too litde gluten development is evidenced by a crumbly baked
product that is difficult to serve. Too much gluten development results in a tough, chewy
product with slightly reduced volume. The amount of mixing ac ually needed ro develop gluten
optimally depends upon the presence of other ingredients,

Figure 15.8
Gluten, an elastic protein complex formed when wheat
flour and liquid are manipulated together, is able to

http://www.bobsredmil.
com/flours-meals/

—Information on flours from
various grains.

gluten Protein complex When the ratio of flour to liquid is high (1:1), as it is in popover batter, gluten is developed

formed in batters and with difficulty. However, in muffins, which have 1 flour to liquid ratio of abour 2:1 , the batter

doughs when wheat flour is is so sticky that the gluten strands tend ro adhere to each other during mixing, causing them

mixed with water or other to develop readily. A similar situation is found in the somewha more viscous 3:1 ratio of flour

aqueous liquids. to liquid in biscuits, although the increased viscosity makes it possible to do somewhat more
mixing in biscuits than in muffins before 4 tough product resulcs.

The presence of added fat interferes wich gluten development, making it necessary to

increase the amount ofmixing as the amount of fy ina recipe increases. The c vating provided by

the fat, coupled with the difﬁculty that water has in penetrating the far coating ro interact with

SIS R

. To make appropriate choices for a gluten-free diet, it
s IMportant to be aware that gluten is used in many food

ixtures and products that are surprising. The only way

to be sure js to read ingredient labels and watch for any

Some assistance in identifying safe food choices is

eads, crackers, c. . .
: bech,ng available as labeling requirements to protect

eliminated because of thejr
] rom rice, potato, quinoa, and
~ sources »’sjubstiwted.‘;Additiona_l possible
corn, soy, tapioca, be

!ega"y defined. Nevertheless, some products now are clearly
,ldentified as gluten-free, a situation that is of some help to
shoppers Needing these items. The food industry is working
fomeet the demand fo, safe foods for this significant part of
the markeF, and many innovative products can be expected
to appear in grocery stores in the coming years.
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the gluten, is the apparent explanation for the increased need for mixing. Sugar also delays gluten
development, seemingly because it competes for some of the 1 neede et

The amount of liquid absorbed by gluten in batters and doughs varies according to the
specific flour and its gluten-forming properties. Flours made with soft wheat absorb less water
than do hard wheat flours. This difference in absorptive ability is very noticeable in preparing
pastries, where the ratio of water to flour s particularly critical to the tenderness of the finished

product. Typically, flours purchased in the South absorb less water than do flours purchased in
the Midwest.

noisture needed by the gluten.

SCIENCE NOTE
FLOUR PROTEINS AND LIPIDS

Soluble Proteins—Albumins and Globulins

The various proteins found in flour often are classified according to solubility. Two
types of proteins—the albumins and globulins—are classified as soluble proteins.
The comparatively small amount of these proteins (only about 15 percent) and the
seemingly minimal significance of either of these globular proteins in relation to structure
have caused the globulins and albumins in flour to gain little research attention.

Gluten

Gliadin The remaining 85 percent of the flour protein is said to be insoluble, although
about half is soluble in alcohol. This protein, which is soluble in 70 percent alcohol, is
called gliadin. When isolated from the other proteins, gliadin (molecular weight of 50,000)
is a viscous liquid. The gliadin molecules, which are polypeptide chains in an apparently
fairly spherical, compact shape, contribute to the sticky, flowing character of the gluten
complex, partly because of their high glutamic acid content and consequent ability to form
secondary bonds between molecules. People with celiac disease are sensitive to gliadin.

Glutenin Glutenin (molecular weight of 2-3 million) is considered to be the protein
fraction responsible for the elastic quality of the gluten complex. Actually, glutenin is not
a single protein, but consists of two and probably more fractions that have a somewhat
fibrous character..i?fdine, which is abundant, limits the physical, spatial configurations the
molecules may assume. Cystine, another amino acid occurring in glutenin, contributes
disulfide bonds. In fact, the sulfhydryl groups and disulfide bonds, both of which are
subject to change from oxidation and reduction, are involved in the elasticity of the gluten
_ complex, a characteristic of considerable importance in achieving the desired volume.

The Complex For gliadin and glutenin to form an elastic and cohesive complex,
manipulation is needed to bring these two fractions together in a complicated and
intimate association. It is probable that the glutenin molecules associate to form a loose
network of these elongated molecules, with the more compact gliadin molecules being
trapped in this network in a somewhat random fashion. The fluid nature of the gliadin
probably permits some slippage of the glutenin fibers over each other during mixing.

Lipids .
Surptisi_,ng_ly; the elaborate combination of gliadin and glutenin to make gluten is not
sufficient by itself to produce the familiar elastic and tenacious qualities seen in batter§
and doughs. The lipids naturally present in flour also are important, even though th?ur
quantity (less than 2 percent) may seem rather insignificant. The fats are present_priman:nly
holipids and glycolipids. The glycolipids are primarily galactose combined with
nolecules that can use hydrogen bonds and van der Waals forces effectively
1 the proteins in the flour. It is hypothesized that the glycolipids in flour act
» a sandwich filling between layers of the gluten complex.

' Alihdugh,the importance of lipids and of the two principal fractions of gluten (gliadin
and glutenin) has been studied extensively, there still is much to be Iear:ned. abc?ut ‘the
complex formation of the structure in baked products. Research is ongoing in this field

of proteins and lipids and their interactions.

;%
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mealineplus/celiacaisease

—Information on celiac

disease and diet

http://www.abcr.com/doc
Gluten%20Allergen%20
Analysis.pdf

—Summary of status of
gluten-free labeling.

http://www.fda.gov/Food/
LabelingNutrition/Food
AllergensLabeling/Guidance
ComplianceRegulatory
Information/ucm111487.htm

—FDA site for status of
regulations about
gluten-free labeling.

gliadin Sticky fraction of
gluten.

glutenin Very large, elastic
component of gluten.
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Starch During mixing, starch in flour plays a relatively minor role. It is o, until the
starch begins to undergo gelatinization in response to the heat in the oyep that mygy
water is absorbed into the granules. During baking, starch aggressively absorls water in 5y
attempt to gelatinize the granules. In very fluid batters, considerable swelling ang
gelatinization occur because there is sufficient liquid there for chis physical change ¢,
progress smoothly.

Gelatinized starch contributes meaningfully to the strength of the cell walls in which the
granules are embedded. In fact, moderately acceptable cakes can be made using pure starch 5
the primary structural ingredient when gluten-free baked goods are needed for special diegs.
This is in contrast to the high-quality cakes that can be prepared when flour, with both jts
protein and starch, is the principal structural agent.

EERAL U 10 TR mwzmm%ﬁ%%

Paper wrappers. These look like very thin, semitransparent
ancakes after they have been dried on long bamboo
cks under the hot Vietnamese sun (Fig;;re 15.9).
urprisingly, these rice Papers are strong enough to be
ed as wrappers for spring rolls containing a variety of
~ tempting fillings.

. Courtesy

IO MWM
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FUNCTIONS OF OTHER INGREDIENTS
Eggs

!j:g%s, depending on the quantity used and the treatment prior to inclusion in the batter, may
fulfill a variety of important functions in addition ¢ -

| . o0 adding to the nutritive value of the product.
During the mixing of a batter or dough, eggs act a

s a liquid to help moisten dry ingredients and
to assist in developing the gluten. The coagulation of egg proteins during lu‘kin‘u adds o the
stability of the structure of baked products, with the acrual importance of this added strength
being depe.ndcnt on the amount of egg used. In popovers and angel food cakes, for example, the
amount of protein provided by the eggs is an important adjunct to the structure provided by the
flour. Additionally, eggs contribute flavor, and, when the yolks are used, color also is enhanced.

Beaten eggs add to the leavening of baked products because of the air they hold trapped
within the foam. Egg white foams are particularly importanc in aiding with leavening. However,
the egg yolk foam used in sponge cakes is a good example of the fact that yolks can also be
significant sources of air.

The emulsifying ability of egg yolks is an important factor in producing smooth cake batters.
Another example of the use of egg yolks as emulsifying agents is in the preparation of cream puffs,
for they contain a very large proportion of fat, which would separate from the flour and liquid were it
not for the binding ability of the egg yolks, with their content of lecithin, a noted emulsifying agent.

Sugar

The obvious function of sugar in baked products is to provide a sweet taste. If light or dark
brown sugar is used in place of refined sugar, additional flavors are added. Honey is yet another
source of sweetness and accompanying flavor variations. Sugar substitutes afford an alternative
means of sweetening baked products. However, these variations in the form of sweetening,
when substituted in batters and doughs for refined sugar, quickly reveal that sugar does far more
than merely sweeten baked products.

One of the important contributions of sugar is to aid in the browning of the crust of
baking products. Although the sucrose (refined sugar) itself does not participate in the Maillard
reaction, glucose and fructose liberated by hydrolysis from the original sucrose can react with
protein to cause surface browning. In fact, when honey or fructose is substituted for refined sugar
in batters and doughs, the Maillard reaction is much more intense because of the abundance of
reducing sugar available from either of these sources.

Tenderness and volume of baked products are important characteristics influenced
by the amount of sugar in relation to other ingredients in batters and doughs. The strongly
hygroscopic (water-attracting) nature of sugar introduces a strong competition with flour for
the liquid, which means that sugar will decrease the amount of liquid actually available to the
developing gluten complex. This change means that additional mixing is needed to develop the
gluten satisfactorily in products containing sugar.

The amount of mixing needed increases directly with the increase in the quantity of sugar.
This can be illustrated by comparing the preparation of muffins and shortened cakes. Muffins have a
very small amount of sugar added, and a minimal amount of mixing is required to develop the gluten
appropriately. On the other hand, shortened cakes have a comparatively lz{rge amount of sugar (and
other interfering ingredients, too), necessitating a considerable amount of manipulation to develop
the desired gluten network. Actually, sugar is a helpful ingredient during mixing because it allows
sufficient time for adequate blending of the ingredients before the gluten is developed too much.

Sugar also has a tenderizing effect, due to two actions. As just noted, gluten dcvclopm.cn?[
is delayed by sugar, and this delay helps to keep gluten from becoming SO dcvelo'pcjd that it is
tough and chewy. The second action to help tenderize products by addm.g sugar is mvolv.ed in
the baking period. An increase in the amount of sugar in a recipe results in a somewhat higher
coagulation temperature of the protein present.

If a baking flour mixture has to be heated to an elevated temperature before the gluten
denatures and sets the structure, the elastic nature of the gluten will be maintained for a longer
time than if no sugar is present. During this extended period when the glut.en remains c.lasric,
the pressure of the hot gases within the cells keeps stretching the cell walls thn.mcr and rhlm?cr.
Thin cell walls are more tender than thick ones. In short, the sugar causes a higher coagulation

CHAPTER FIFTEEN
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temperature and longer period of time for strctching.rhc glut.cn. 'inu.) [ihilj 'cc”. walls befy,
denaturation occurs; this is the second reason for regarding sugar as a (%{l(.crlung ingredient
The increased temperature of denaturation of the glur.cn wb?n sugar is ir lCl‘(.‘élSC.d also explaing
the way in which sugar influences volume. Up to a ccrrfun critical }?mju, umrcaiﬂng sugar will
increase volume because of the extended period of stretc!nng cell walls. However, if cell wallg get
stretched too thin before the gluten denatures, the cc.lls W‘l” ci(pl()dc when the glu(.cn strands bregl
from the pressure generated by the hot gases. This situation is analogous o blowing up 4 balloop
undil it is stretched so thin that the material simply cannot stretch enough (o accommodate the
pressure of the enclosed air and it pops. When the cells in baking products reach the poin of
exploding, the product falls and remains extremely compact no matter how much longer it is baked.
Sugar substitutes do not have effects comparable to sugar on the tenderpess and volume
of baked products because they have little influence on the dcvcl.npx.ncm and coagulation
temperature of the gluten. Even the use of sugars other than sucrose will give somewhat differen;

results in tenderness and volume.

Salt
Salt is used ro enhance flavors in baked products. Its other funcrion is to regulate the growth of
yeast in yeast doughs, where it serves to counterbalance the stimulating cffect of sugar and to
help tighten the gluten, both of which aid in avoiding a coarse texture,

Leavening Agents

Leavening agents, as discussed in Chaprer 14, are necessary to increase the volume and promore
development of the desired texture in baked products. They need to be included in amounts
adequate to achieve the desired volume without imparting an undesirable flavor or aftertaste,
usually 1-2 teaspoons of baking powder per cup of flour for most baked products.

Liquids
Milk is the liquid used most commonly in batters and doughs, though water, sour milk, sour
cream, or fruit juices sometimes are used. Liquid aids in the development of the gluten. Wichout
liquid to help hydrate the mixture, gluten does nog develop. Liquid also is needed to gelatinize
starch during the baking period; gelatinized starch adds rigidity and strength o cell walls. Fruic
juices and the other liquids with distinctive flavors add 1o the flavor of the baked product, but
they may affect the denaturation of protein and the gelatinization of starch.

. Leavening action s provided by liquids when they are converted to steam during
baking. They also serve as 4 solvent to activate the reaction of baking powder to produce
carbon dioxide. Unless baking powder is dissolved, the reaction between the soda and
acid salt will not occur, Similarly, baking soda must be
with an acid ingredien. For example, the liquid in
the milk then reacts with the soda to generate carby

dissolved if ir is being used in conjunction
sour milk dissolves the soda, and the acid in

n dioxide for leavening.

aked products by impeding gluten

: ! strands tends to block water from the flour
roteins needing the ligui { 1 §

§ g the liquid for gluten dcvelopmem_ This coating of fat also has a lubricating effect.

ects the type of far used, particularly in recipes

S especially when a flavorful one (butter o
itself has Jigtle apparent flavor, there is a richness of flavor
Margarine, butter, and other colored fats
» and other items. This color often is perceived as
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product WIF}} optimum characteristics. Since the physical properties and composition vary from
one type of fat to another, it is necessary to modify recipes when substitutions of far are made.

MIXING TECHNIQUES

Individual technique in preparing batters and doughs can have a very significant effect on
the final volume, texture, and tenderness of baked products. Certain key words arc used in
rgccipc instructions to indicate the operations to be used during prcp.l'r;uinn. Each of the
following terms has a specific meaning in relation to preparing batters and doughs. These
need to be understood and then practiced until quality products are prepared each time.

Creaming is the creation of a heavy, air-in-fat foam by agitating solid fat and sugar
together until the mixture is somewhat light and fluffy. This may be done with the aid of an
electric mixer or by mixing fairly vigorously with a wooden spoon or paddle. Creaming should
be discontinued if the mixture begins to lose volume and becomes soft.

Beating is rapid agitation of a mixture of foods with the aid of an electric mixer or a
wooden spoon. This action is more vigorous than creaming and is applied on a wide range of
ingredients. Usually the purposes are to beat in air and to develop gluten.

Stirring is gentle mixing of ingredients to blend them thoroughly. This technique is used
when trapping of air is not necessary and when excessive gluten development needs to be avoided.

Folding is a gentle motion designed to bring ingredients up from the bottom of the
mixing bowl and spread them across the upper portion of a foam or batter with minimum
disruption. This process is repeated, with every fifth stroke coming up through the middle
to facilitate uniform blending, until the entire mixture is homogeneous. A rubber spatula is
particularly well suited for folding, because it scrapes the ingredients up from the bottom
efficiently. Other utensils suitable for folding include a narrow metal spatula or a wire whip
or whisk. The important action in folding is to blend ingredients thoroughly with a minimum
development of gluten or loss of air from the foam.

Cutting in is the technique used to cut solid fats into small particles in the preparation of
pastries and biscuits. A pastry blender (see Figure 4.8) is designed specifically for doing this task
efficiently, but two table knives can be used in a crosscutting motion to accomplish the desired
result. A light, tossing motion with the pastry blender is important in avoiding packing the fat
into a solid mass while the cutting in is being done.

Kneading is the mixing together of ingredients with the hands or a dough hook on
a mixer. Techniques for kneading vary, depending upon the amount of gluten needing to
be developed. In yeast breads, considerable gluten needs to be developed, so the kneading
technique involves a folding over the dough and then a vigorous push with the heel of both
hands simultaneously. The dough is rotated a quarter of a turn, and the process is repeated in a
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creaming Mixing fat and

sugar together vigorously to

create an air-in-fat toam

beating Very vigorous
agitation with a wooden
spoon or on a mixer at high
speed to trap air and/or to
develop gluten

stirring Gentle blending
of ingredients when
trapping of air and
development of gluten are
not needed.

folding Very gentle
manipulation with a wire
whisk, narrow metal spatula
or rubber spatula to bring
ingredients up from the
bottom and spread them
over the upper surface

to aid in blending them
uniformly.

cutting in  Process of
cutting solid fat into small
pieces using a pastry
blender or two table knives.

kneading Folding over a
ball of dough and pressing
it with either the fingertips
or the heels of both hands,
depending on the amount
of gluten needing to be
developed and the ratio of
ingredients.

. v‘,”-\‘J(‘ivREQlE»NT HfGHUGHT v
'COOKING SPRAYS

e

Cooking sprays have been available for more than half
_ a century, and they have found a niche in many kitchens
because of their convenience, versatility, and long shelf life.
_ Because they can be sprayed directly onto baking pans and
. -":éh'e:ets:,;ibakérs'-can avoid the messy task of greasing them
1o prevent sticking. This treatment makes it practical to use
_baking equipment that does not have a nonstick coating,
. 'thus.vavbidipg'a‘hy' possible effects from eating food baked

_on coated surfaces. .

Although any cooking spray can be used successfully for
 coating baking pans, special baking sprays containing a sma‘li
 amount of flour have been formulated specifically for this
cople with celiac disease will be eating the products,

;%
I
-

a regular cooking spray should be used instead of the baking
spray. Also, butter-flavored cooking spray will have a small
amount of lactose, which makes this a type of cooking spray
to be avoided by those who have severe lactose intolerance.

People who bake and prepare other foods at home may
wish to keep a container of at least the general-purpose
cooking spray handy in a cupboard for quick use whenever
preparations require it. The can has a shelf life of two years,
which means that it will be safe to use for a long time, a fact
that is important in view of the small amount used for each
application. For optimal results, the can needs to be shaken
vigorously to disperse the components uniformly before

spraying.

S
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rhythmic pattern until the gluten is developed to i fw I under he
surface of the dough, but the dough itself has a SII.’lOO[l'.l sur aje. e .
Since gluten develops very readily in preparing ,blsc.m.t oug; i I tough is pushed
gendly with just the fingertips of both hands, after which it Hifotstea & qarter ofa turn, and ghe
ocess is repeated. Only a brief period with this gentle kneading i "k_c i “Sfd for f“ak“‘g biscuits
fc:avoid causing them to become tough. Kneading nOt_ i i m.gmdl‘u?[s; I.[ also deelops
the necessary gluten network and contributes to the desired flaky quality of l"fc“”s; In Contrast,
so much kneading is done when making yeast bread doughs that ('hc layers (.)‘ [hc'f()ldCd dough
tend to merge together into a continuous gluten network, and layering or flakiness is oy present,

BAKING

Preparation of pans for baking varies with the product and with the container sclf;ucd. Breads
being baked in pans with sides can be removed easily if the sides and bottom of the pans are
sprayed with nonstick cooking spray or greased lightly (unless the pan has a coating). If the
bottom of the cake pan is lined with a layer of wax paper, sprayed with nonsrick cooking spray,
or greased, layer cakes can be removed easily. The sides are not greased, which helps the cake
cling to the sides and pull upward during baking.

Foam cakes (angel food, sponge, and chiffon) can be removed casily when baked
in ungreased tube pans of two-part construction. Nonstick coatings on tube pans are not
recommended when foam cakes are being prepared, because the cakes are likel y to fall out when
the pan is inverted to maintain the cake at maximum volume during cooling, Usually, cookies
are baked on nonstick cookie sheets or jelly roll pans or simply on ungreased sheets. A spatula is
used to remove cookies from the baking sheet when they come out of the oven because they tend
to break if they cool before being loosened. Ungreased cookie sheets saye the problem of burning
and polymerizing fat in all of the arcas where the bare pan is exposed between the cookies.

The rack position should be checked and shifted if necessary before the oven is wrned
on. When baking in a preheated oven, baking pans should be placed in the center rack position,
with sufficient space between pans and between the pans and the oven edges to permit good
air circulation and achieve relatively uniform browning. Pans should not be placed directly
underneath one another—the top pan will not bake adcqu;ucly on the bottom, and the bottom
pan will be too done on the bortom and very pale on the top.

Preheating allows baking to begin immediately at the desired temperature, but this practice
Wwastes energy. Yeast breads should be baked in a preheated oven when volume has doubled, or
elsei they should be started in a cold oven before they have doubled in volume. Too much oven
SPring occurs, and a coarse texture results if a cold stare is used on rolls thar already have doubled.

If starting cakes, quick breads, or other baked products in a cold oven, the oven rack should

bf.i positioned just above the cener. This added distance from the heating clement at the bottom

g) while the oven is being heated to the appro-

se of the low temperature during the carly phase. Foam
foams and for the heavier ingredients to begin to drain
g is delayed; starting in a cold oven adds to this problem.

st delicate immediately prior to denaturation of
luten, for this is wh M f s

1s i : T i
g > en the expandmg gases are still .\(rclching the cells. Until denaturation

occurs, gluten is extensi i .
denatl;rition bl tensible and requires thag gases in the product maintain pressure. However,
alts i Bl !
strecching and sers the structure, A that point, baked products can be

removed from the oy, g
iy : en, because the cell walls are strong enough to maintain the structure and
nger need to be supported by hot gases.

Iests fOl‘ d n
one - -
ess need to be made f()r l)akcd pr()duu\ to be sure that the structure

has been set
througho S :
done; this avoids lgr ¥ HlOWever, testing should not be done until the product should be
3 C . . - H
s ol ““g.CO d;:” Into the oven 4 the most critical stage of baking. Tests 12
fmation about the ¢ T | i ) °ne
Xact state of aff; he le t. Shortene
cakes and loaves of qy BRI e e cooleit poing, -
uic N Atoths J '
0 be sure that ng q kl?rcafis g7 tested by tnserting a toothpick in the center and checking
g to it when it js withdrawn. Foam cakes are done when

ed lightly on the surface. Yeast breads, pastries, cookies,
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and many quick breads are checked on the basis of
clapsed time and appropriate browning.

TREATMENT FOLLOWING
BAKING

The strength of the structure immediately after
baking determines the way in which a specific product
will be cooled. Drop cookies, for example, usually
are strong enough to be lifted off the baking sheet
gently with a spatula when they come from the oven,
whereas they will tend to break if allowed to cool on
the sheet before they are loosened. Cakes, with the
exception of foam cakes, are placed upright on a rack
to permit air to circulate under the pan and hasten the
cooling. Layers can be cut loose from the edges of the
pan, covered with an inverted plate, and then turned
over abruptly to unmold them onto the plate while the
pan feels warm, but not hot, to the hand.

Foam cakes have weak structures when they first

Figure 15.10

Foam cakes are inverted to cool as soon as they are removed from the oven
so that the cells will be stretched by gravity to help retain maximum volume
until cool enough to be removed from the pan. Courtesy of Plycon Press

i come from the oven, and the weight of the cake pushing
down on itself in the pan will cause loss of volume while
| the cake is cooling. This problem is avoided by invert-
ing the tube pan as soon as the cake is taken from the
oven and letting the cake hang suspended until the pan
is cool (Figure 15.10). This stretches out the cells during the cooling period, resulting in
maximum volume. Once foam cakes have cooled, they can be removed from the tube pans by
cutting them loose around the outer edge and the tube, removing the tube with the cake, and
then cutting the cake loose from the bottom of the pan before inverting the tube and cake onto

a suitable plate.

Quick breads and yeast breads are quite strong
even when first removed from the oven. Therefore,
there is no reason to delay taking them from their
pans (Figure 15.11). Unless they are being served at
once, breads should be transferred from pans onto
cooling racks immediately. Otherwise, the crusts
will become soggy from condensing steam.

ADJUSTMENTS FOR
ALTITUDE

The decreased atmospheric pressure at elevations
of 3,000 feet or more causes detectable changes
in the quality of baked products unless some
modifications in the formula are made. The
recommended changes are based on the fact that
expansion occurs more readily at high alticudes
than at sea level, where atmospheric pressure is
greater. This creates greater resistance to expansion
at low elevations than in the mountains. To avoid

having cell walls rupture, recipes are modified Figure 15.11
in the mountains to strengthen cell walls and  Breads have a strong structure even when first taken from the oven. To avoid
decrease pressure within the cells (Chapter 17,  soggy crusts, breads should be removed immediately from baking pans and

Science Note—High-A]titudC Baking). cooled on a rack. Courtesy of Plycon Press.
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INDUSTRY INSIGHT
ANTISTALING ENZYME

Staling of baked products is a probl
prepared breads, cakes, cookies, d
limits their shelf life. Amy{pse, . i
begins to undergo retrogradation a
Eventually, amylopectin (the branch,

partially crystalline textur
Boyle and Hebed
heatf-resi'stant yme

SUMMARY

The enzyme, an a-amylase produced by
. niger, hydrolyzes some of the branches of |
ectin starch molecules. These less-brancheq |
) residues are not able to bond easily with other
n molecules, and staling is delayed. Multifresh is 1
r by the Food and Drug Administration for use jn
ery products. ;

e

Wheat flour is the basic ingredient in most baked products
because of its unique combination of insoluble proteins. When
water is added and the mixture is manipulated, these proteins
can be worked into a cohesive, elastic complex called gluten. To

obtain wheat flour suitable for the consumer market, the wheat
grain is milled, bleached, matured, and enriched (if the bran and
germ have been removed to make a refined flour).

Bread flour is a high-protein flour available primarily to
commercial bakers. All-purpose flour, made from hard wheat
or a blend of hard and soft wheat to give a protein content
of about 10.5 percent, is well suited to the preparation of
breads, cookies, pastries, and even some cakes. Cake flour
has a protein content of only about 7.5 percent; the rather
tender protein from this soft wheat flour js well suited to
making cakes. Pastry flour is similar, but a bt coarser than
cake flour. Other flours on the market include whole wheat
flour, self-rising flour (contains an acid salt,
gluten flour,
for example).
Wheat flour is able to provide the basic structure of baked
products because of the protein strands that are developed during
the mixing of batters and doughs. Gluten (the protein complex)
is a combination of gliadin, a sticky and viscous protein, and
glutenin. Glutenin contributes the necessary elasticity to the
unbaked protein complex.

Lipids in flour are also involved in the formation
of the structure during mixing and baking. Sugar and fa¢
delay the development of gluten; the ratio of liquid to flour
also influences how readily gluten develops during mixing,
Gluten needs to be developed sufficiently to hold the baked
product together, but not so much that it becomes tough,
When properly developed, gluten will be able o stretch into

appropriately thin cell walls during baking, yielding a good
volume and a tender product.

Starch is also an im

soda, and sal¢),
and flours from other cereals (rye and triticale,

portant structura] component
of flour. During the baking period, starch absorbs warer 45

gelatinization occurs. The gelatinized starch granules are

embedded in the gluten matrix to help add rigidity to the
structure after baking.

Eggs add another element to the struciure of many baked
products. They also contribute air for leavening when they are
beaten into a foam. Other contributions are flavor, color, and
emulsifying ability.

The pleasing golden-brown crust on baked products is
due in large measure to the Maillard reaction. a combination
of sugar with protein. Of course, sugar contributes a sweet
taste, too. Sugar promotes volume and tenderness by modifying
the rate of gluten development during mixing and by raising
the coagulation temperature of gluten during baking. Sugar
substitutes do not have these effects.

Salt is primarily a flavoring substance, although it does
serve to retard carbon dioxide production by yeast. Leavening
agents are valued primarily because of their influence on volume.
Between 1 and 2 teaspoons of baking powder per cup of flour
usually are sufficient ro leaven products appropriately without
lcaving an objectionable aftertaste.

Liquids are needed (o develop gluten and to gelatinize
starch. They aid Icavoning by dissolving baking powder and
baking soda, as well as providing stcam during baking. Most
liquids also contribute some flavor.

Tenderness and fullness of flavor are two characteristics
promoted b)’ the use of fars or oils. By interfering somewhat with
gluten development, they aid in producing a tender product.
The form of far used and the way in which it is incorporated
often influence the texture. Flavor and color may also be a
reflection of the type of far used.

j For production of high-qu.llity baked products, it is
Important to know and to practice the basic mixing techniques
(crcaming, bCating, stirring, folding, cutting in, and kneading)
and to follow appropriate baking guidelines. Optimal results
are obtained wher, the correct pans are prepared -‘}‘P“’Prmely
and when the Panned product is arranged in the correct

Position in the oven and baked until the correct end point is
reached.,
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STUDY QUESTIONS

CHAPTER FIFTEEN

1. What are the differences between all-purpose flour, cake
flour, and whole wheat flour? Wha are the effects of using
each of these types of flour in making batter and dough
products?

2. What factors influence the rate of gluten development in
batters and doughs?
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3. Whar adjustments are needed if self-rising flour is to be
substituted for all-purpose flour in a recipe?

4. Why is the starch content of flour important in baked
products?

5. In baked products, what are the functions of (a) eggs, (b)
sugar, (c) butter, (d) shortening, and (e) liquids?
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