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CHAPTER 1
WHEATS

1. Wheat and Other Cereals

The Chinese cultivated wheat as about 3000 B. C.

From the beginning of man's civilizacion he has shown a decided preference
for wheat as a bread and cake making cereal. This preference can be definitely
attributed to the peculiar property of wheat proteins as compared with proteins of
other cereals. (Proteins are complex nitrogenous compounds, containing carbon,
hydrogen, oxygen, nitrogen, and sulphur, formed in living organisms). Flour
made from any cereal, such as corn, oats, rice, rye, or barley contain proteins
in similar amounts to wheat--some even a greater percentage. However, only the
proteins of wheat flour possess the peculiar characteristic of combinfﬁgiﬂ\hfi’t}i'w’éter
to form gluten (a rubber - like, elastic substance).

From prehistoric times to the present day the foremost agricultural pursuit
of civilized people has been the growth and cultivation of wheat. Two of our most
important industries are wheat flour milling and bread and cake manufacture.

2. Varieties of Wheat

The character of wheat produced in a specific locality is determined by the
type of soil, climate, selection of seed wheat, and time of year planted. The
tropical climates are unfavorable to wheat growth and production, but this cereal
thrives in temperate climates. One-fifth of the total world production of wheat

is produced in the United States.

Wheat varieties comprise two general classes - Winter Wheat and Spring
Wheat. Wheat sown in the fall of the year in mild climates which allow wheat
‘plants lo survive during the winter months is known as Winter Wheat.

In-severe climates, where wheat plants cannot survive during winter months,
wheat is sown in the spring of the year. Such wheat is classed as Spring Wheat.

Winter Wheat grows rapidly during the spring and early summer months, ripens,
and 1s harvested during midsummer months. Spring Wheat matures later in the
season and is harvested during the late summer. or early fall months.

Wheats are also divided into two other classes, viz. Hard Wheats and Soft
Wheats. lard spring wheats, from which our strongest bread flours are produced
{those centaining larger percentages of protein, or gluten), are grown in such
states as North Dakota, South Dakota, Montana, and Minnesota. Because of the

location of these states, hard spring wheat is frequently referred to as

-1~



‘Northwestern Hard, Northwestern Spring, or Northwestern.

The best Hard Winter Wheat states are Nebraska, Kansas, Oklahoma and
Texas. Since these states are located in the southwestern section of the United
States, -whedts produced in them are frequently referred to as Southwestern,
Southwestern Hard, or Southwestern Winter. Occasionally Hard Winter Wheat
. is:classed as Kansas, doubtless because the state of Kansas was one, if not the
- first, southwestern state in which Hard Winter Wheat was grown.

Soft Winter Wheats are grown in such midwestern states as Ohio, Indiana and
Ilinois. ‘These wheats contain much less protein than Hard Spring and Hard Winter.
“They are employed in the manufacture of pastry and cake flours.

3. ¢ - Composition-of Wheat Grains-

-+ Wheat-grains are-composed of three entirely different bortion_s, viz: Bran,
Endosperm, and Germ.

(a) Bran. This portion of the grains consists of six tough, woody outside
- “layers: -epidermis; epicarp, endocarp, testa, episperm, and aleurone cells,

- The first fiveilayers furnish a protective coating for the dormant plant (germ)
and the endosperm, which supplies the first food for the young plant. These
‘layers of-bramprotect the germ and its food supply from excessive changes of heat
and moisture,

The sixth; or aleurone, layer is composed of some mineral matter, fat, and
:-‘sojluble protein-possibly also an available supply of food for the young plants.

(b) Endosperm. The bulk of wheat grains consists of the endosperm, starch
~and protein cells, which nature has produced and stored as a readily convertible

- and -available supply of food for the wheat plant during its primary stage of growth,
- and until the plants-are able to consume components of the soil as food sustenance.

(c) Germ, or Embryo. This is the dormant plant which sprouts and commences
to'grow and reproduce other wheat grains when conditions are favorable, such as
- sufficient heat and an abundant supply of moisture. The germ of wheat grains con-
‘tain up to 20% fat, ds.much as 30%.protein, and also some'starch, mineral matter,
and fiber, ' :

‘Wheat grains composed of dormant plants and plant food well protected by
tough, fibrous layers of bran are nature's creation for the purpose of reproducing
other wheat grains. But man has learned to skillfully convert the large excess of
wheat not needed for reproduction into flour (food for man) and feed (food for animals).



CHAPTER 2

WHEAT MILLING AND FLOURS -

1. Development of Wheat Milling.

Primitive man's first attempts to convert wheat into flour for breadmaking
were very crude. The grains were placed on hollowed stones and crushed, by
hand, by rubbing with other stones. As civilization progressed, simple flour mills
were constructed. These primitive mills consisted of a stationary grooved stone,
about five feet in diameter, over which was installed a revolving stone, of the same
diameter. Wheat was introduced between these stones and the revolving stone was
turned. At first slaves were employed for this purpose. Improvements were soon
made upeon these crudely constructed mills, but for a great many years stone mills
were used for the conversion of wheat into flour.

Hand power was first replaced with that of animals for turning the revolving
stones. Then came the harnessing of wind and water for power. In some sections
of the United States old "stone burr" mills are still standing; some few still used
in the southern states for grinding corn into meal.

At first the entire grains were ground into 100% flour, but with further im-
provement, into flour, and made flat, heavy breads. However, as the industry grew,
and the demand for bread increased, the millers migrated to the rural sections where
wind and water power was used for the mill operations. Then two crafts were
formed-millers, and the bakers, who remained in the villages and cities.

Today, modern millers, by careful wheat selection, judicious blending of
wheats, and efficient milling methods in highly mechanized factories, are placing
at the disposal of bakers uniform grades of flours of the best qualities, which fully
meet their requirements.

7. Pretreatment of Wheat

Prior to the actual milling of, wheat, the grain is subjected to many preparatory
processes. It is first passed through coarse screens where foreign material,
such as particles of straw, are removed. The grain is then scoured. During this
process adhering dirt is removed. The final cleaning process is that of washing,
to further remove any adhering dirt or foreign matter. Wheat is then tempered
by being subjected to carefully controlled heat and moisture conditions. The pur-
pose of this treatment is to toughen the hard, brittle branny coatings to enable bet-
ter separation of this portion of the grains from the endosperm, which is converted
into flours.




Prior to this pretreatment wheats are carefully blended. With previous know-
ledge of the type, grade, protein content, and baking quality of flour from each
wheat in storage, thé miller intelligently blends various wheats in proper propor-
tions to insure the production of good grades of uniform bakers' flours.

3. Milling Processes

Cleaned tempered, blended wheat is first passed through about five sets of
corrugated (grooved) steel rolls, each succeeding set having been set a little closer
than the preceding one. The purpose of this process is to gradually crack, or
crush the grains so as to enable the separation of the endosperm (flour making
portion) from the bran and germ.

N The coarse meal, finally converted into flour, is known as Middling Stock--

first, second, third, fourth, and fifth. These middling stocks are composed of
portions of the endosperm (protein and starch granules) of different-sized particles,
similar in appearance to "Cream of Wheat". Some branny particles are also com-
bined with those of the endosperm.

These middling stocks are then passed through about five sets of smooth steel
rolls, each being set sllghtly closer than the preceding one. The purpose of this
process is to gradually crush the coarse middling stocks into the desired granula-
tion for flour, avoiding the pulverizing of the flour particles. Bread flours are
of coarser granulation than cake flours.

During the grinding processes of middling stocks they are each passed over
sieves to separate the granules of different sizes. These stocks are at the same
time subjected to currents of air passed through purifying machines. These air
currents remove light fibrous particles and, in.conjunction with the sieving pro-
cesses, complete the separation of flour and branny particles and germ.

_ During the milling processes the germ portions of grains are flattened and
separated by sieving from the flours. While highly nutritious, these particles

_ contain fat and enzymes which seriously reduce the keeping quality of bread

' 'flours, causing ranc1d1ty and possibly other undesirable conditions during flour

‘storage and agéing. Therefore, these portions of the wheat grains are combined

with the bran to form feed.

4. Wheat Yields

. ©One-hundred pounds of clean, sound wheat, when milled will yield approxi-
mately 72 pounds of straight flour and 28 pounds of feed. This yield is frequently
referred to as 72% flour extraction. However, during the milling processes, the

~miller does not produce straight (100%) flour, but separates the various streams

‘into two general classes of flours, viz: patent flours and clear flours.




5. Wheat Flours

Millers of either hard spring wheat or hard winter wheat produce the follow-
ing standard grades of flours, from which bakers may choose the types desired.

(a) Short, or Fancy Patent Flours

These represent the best grades of bread flours produced, and are obtained
from the best portions of the wheat grain endosperm. They contain less ash (min-
eral matter) and somewhat less protein than other grades of flours, but protein of
the best quality.

(b) Bakers, or Long Patent Flours

These flours are being used by many bakers for the production of pan bread of
good quality. However, they are of somewhat inferior grades when compared with
short patent flours. They contain a little greater percentage of ash (mineral matter)
and also somewhat more protein of slightly poorer quality than do the fancy patent
flours.

(c) First Clear Flours

These are bread flours of the poorer grades. While they contain considerably
more protein than do patent flours, its quality is poorer. They also contain much
more ash than patent flours, this due to a lower purity. They are not employed in
‘the manufacture of white breads, but are used in large percentages in the produc-
tion of rye bread, pumper-nickel bread, and wheat bread.

(d) Second Clear Flours

These are the poorest grades of flours produced and possess very little bread-
making value. They may be used in pumper-nickel flour blends.

(e) Bromated Flours

High gluten (high protein) flours used in making hard rolls and hearth breads,
such as Jewish breads, are generally bromated. This treatment retards enzymatic
action of doughs, increasing bench tolerance. Doughs made with such flours have
less tendency to become sticky during make-up.

(£) Whole Wheat Flours

When entire wheat grains are ground the resultant product is whole wheat,
Graham, or entire wheat flour. Whole wheat flour may be produced from either
hard spring or hard winter wheat. The methods generally employed to produce
whole wheat flour are: (1) milling flour in usual manner combining the white




flours to form a straight (100%) grade; (2) grinding the bran and germ into a fine,
powdery state; (3) combining flour, germ, and bran, blending these thoroughly.

(g) Cake Flours

Cake flours are milled from soft winter wheats. The milling processes are
quite similar to those employed during the milling of bread flours, except that
cake flours are ground somewhat finer.

(h) Pastry Flours

Flours of this type are produced from soft wheats containing a greater percent-
age of protein, or from low protein hard winter or bluestem wheats.

6. Definitions and Standards of Identity for Wheat Products

The Federal Security Agency of the Food and Drug Administration, Washington,
- D. C., promulgated an order (March 28, 1949--effective January 1, 1942) for
the definition and standard of identity of the following products:

(a) Flour, white flour, wheat flour, plain flour

(b) Enriched flour

(c) Bromated flour

(d) Enriched bromated fléur

(e) Durum flour

(£) Self-rising flour, self-rising white flour, self-rising wheat flour

(g) Enriched self-rising wheat flour

(h) Phosphated flour, phosphated white flour, phosphated wheat fioux

(1) Whole wheat flour, Graha'xﬁ flour, entire wheat flour |

(}) Bromated whole wheat flour

(k) Whole durum wheat flour

(1) Crushed wheat, coarse ground wheat

(m) Cracked wheat



{n) Farina
(o) Enriched farina

(p) Semolina

NOTE:

To secure a cépy of Docket No. F. D. C. 21, Definitions and Standards
of Identity of above products, write:

Food and ‘Drug Administration
Federal Security Agency
W ashington 25, D. C.




CHAPTER 3
COMPOSITION OF FLOURS

‘The 1mportant components of flours are moisture, ash proteln, and carbo-
hydrates.

1. Moisture

The maximum amount of moisture allowable at the mill when bread flour is
packaged is 15%. This is fixed by the United States Government. However, millers
have found this amount of moisture in freshly packed flour impractical and have
_ universally adopted 14%. This is not free water but is moisture in combination
with other substances. During transit and storage of flour a considerable amount
of moisture is lost. This moisture loss, due to the drying of flour, will vary de-
pending upon the climatic conditions, length of storage, etc. The moisture con-
tent of flours when used in bakeries ranges from 12% to 14%. The moisture in
freshly packed cake flour averages about 12%.

The method employed in moisture determinations is the "vacuum oven method"
described in "Official and Tentative Methods of Analyses of the Association of
Official Agricultural Chemists," 5th edition, 1940, page 211.

To calculate the protein per cent of a flour with less than 14% moisture to a
14% moisture basis the method can best be described by an example such as:

Moisture 13%, protein 12.5%
100 - 13 = 87 and 100 ~ 14 = 86
87 : 86: : 12.5 : x = 12. 36% protein

2. Absorption

Absorption of a flour is the amount (per cent) of water that a particular flour
will require to produce a,sponge or dough of correct consistency (stiffness).
" Absorption will be somewhat greater, or less, depending upon the moisture lost
- after packing at the mill. Absorption is also greater in strong than in weak flours.

3. Ash (Mineral Matter)

‘When any organic substance, such as flour, is completely burned (oxidized)
~imr a muffle furnace within a chemical laboratory, the grayish residue is ash, or

-mineral matter. During the growth of wheat, minerals such as lime, magnesium,
--and potassium phosphates are obtained from the soil and are stored mainly in the
- germ and branny portions of wheat grains. The lower grades of wheat flours con-
tain more mineral matter than do the better grades, or short extraction flours.

-8-



~ Short patent flours contain approximately . 40% (. 38% to . 429%) ash while the bakers
patent grades will contain about . 45% (. 44% o 46%. and first clear flours an..
average of .70%. Branny particles are more completely removed from patent
flours during the milling processes which accounts for the lower percentages of
ash than in straight or first clear flours. Cake flours contain only about . 37%
ash. Chemists consider . 02% ash as within experimental error.

The ash content of a flour is a definite indication of its grade. Other things
remaining constant, the lower the ash per cent of a flour the better its grade, and
conversely, the higher the ash content the poorer the grade of a flour.

To calculate the ash per cent of a flour with less than 14% moisture basis, the
method can best be described by an example such as:

Moisture 13%, ash .42%
100 - 13 =87 and 100 - 14 = 86

87 : 86::0.42 : X =0.415% ash

4. Protein

Protein is the total nitrogenous material in animal or vegetable products.
Its composition is that of the elements of carbon, hydrogen, nitrogen, oxygen, and
sulphur. Different proteins are composed of several of 22 known Amino Acids--
six of these are considered essential.

Wheat proteins are considered especially important since they possess a
property unequaled by any other cereal proteins--that of combining with water to
form gluten. The formation of dough and the cell structure of bread would not be
possible but for the peculiarly characteristic qualities of the proteins of wheat
flour. They attribute the rubber-like elasticity to doughs and retention of gas
resulting from the feeding of yeast on simple sugars during fermentation.

Wheat proteins comprise two classes, viz: soluble and insoluble--those
that readily dissolve in water and thosey: that do not dissolve when in contact with
water. The greater percentage of the proteins of wheat flours is insoluble. This
makes possible the separation of most of the proteins from starch and other
substances occurring in dough by washing under a stream of water. Gluten,
while containing mostly wheat flour proteins is not wholly comprised of proteins.
During the removal of starch from a piece of dough by washing under a small
stream of water, soluble proteins are lost. At the same time non-protein
substances, such as fibrous particles, adhere to the insoluble proteins. Gluten
per cent obtained by this method, when thoroughly dried, will closely approach
the total protein per cent of a flour determined by chemical methods. Protein
per cents will average about . 5% more than those of dry gluten.




3 Average Composition of Cake and Pastry Flours

g R Moisture Ash : Protein
(a) Cake Flour 12% .33% 8.5%
(b) Pastry Flour 14% .44% ~ 10.4%

6. Starch and Sugars

Starch and sugars belong to a class of organic compounds known as carbohy-
drates. They are composed of a combination of the elements carbon (C), hydrogen
(H), and oxygen (O), the hydrogen and oxygen always in the proportion found in
water (HpOq1). Flours contain two carbohydrates, viz: sugar and starch. Natural

- sugars, sucrose (cane sugar), and maltose (malt sugar) are present in very small
amounts in bread flours, However, they are important aids in fermentation of

- sponges and doughs, being easily converted into simple sugars (dextrose and
levulose) by enzymes present. Sugarsof these forms are consumed by yeast as
one of its essential foods. -

Starch is present in flours in much larger amounts. Representative white
" ‘pan bread flours of the better grades contain about 70% starch. During sponge or
dough fermentation an appreciable amount of this starch is converted into sugar by
the action of the enzymes, diastase, and maltase, which are present.

7. Fat
Bread and cake flours may contain as much as 1.5% fat. However, this

ingredient is given very little consideration insofar as its presence affects the
bread-making value of a flour. ‘

~-10-



CHAPTER 4
BLEACHING AND MATURING AGENTS*

The agents used for maturing flours are chlorine dioxide {called by the trade
name of Dyox), chlorine {commonly used in soft wheat flours), and potassium
bromate. In addition, most millers use a benzoyl peroxide bleach {Novadel or
Oxylite). The benzoyl peroxide bleaches are used merely for removing some of
the color from flour and do not act in any degree as maturing agents although ben-
zoyl peroxide is an oxidizing agent.

While all maturing agents are oxidizing agents, not all oxidizing reactions
are capable of maturing flour. The commonest maturing agents in use by the millers
at the present time are chlorine dioxide and bromate for bread flours and chlorine
for cake flours. The benzoyl peroxide bleaches, such as Novadel, are used merely
for color removal. If all mills decided to eliminate the use of benzoyl peroxide,
there would be no harm done except that the flour would be a little creamier in
color. However, if the mills were forced to eliminate the use of maturing agents,
such as bromate, chlorine, and chlorine dioxide, there would be serious hazards
involved as far as the baking industry is concerned. In many crop years, the flours
milled from recently harvested wheat are "green--" the dough tends to be soft and
sticky and, when made into bread, the loaves possess inferior volume, grain, and
texture. By the use of such materials as bromate, chlorine dioxide, and chlorine,
the same effect is obtained as would be achieved if the flour were aged for a long
period. The effect of these maturing agents is on some reducing material present
in the gluten. The exact chemical changes produced by maturing agents are still
not known, but the effects are known. In the case of chlorine, which is used largely
on cake flours, it acts as both a bleaching and maturing agent, increasing the
acidity of cake flour and allowing the production of very light cakes of good volume;
without it, cakes would be gummy, with poor grain and texture and inferior
volume. Chlorine dioxide, in addition to its maturing effect, also has a bleaching
effect, but potassium bromate is used only for maturing and has no effect on the
pigments of flour.

* (Courtesy of Dr. B. Sullivan Russell, Miller Milling Company, Minneapolis,
Minnesota).
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CHAPTER 5
SHORT WEIGHT FLOUR*

Bakers are frequently puzzled when shipments of flour arrive at their plants
and the net weight of the flour is found to be less than the invoice calls for. For
instance, with flour today being shipped, packed 100 pounds net to the bag, if the
shipment consisted of 600 bags there should, of course, have been 60, 000 pounds
of flour present. Under certain circumstances, this weight may be found to be
less than 60,000 pounds on arrival at the bakery. The question immediately arises
in the baker's mind as to whether or not the shipment is short weight.

If there are any torn bags, or if flour has been lost by sifting through the
meshes of a cloth bag, there has been an obvious mechanical loss and this should
be taken into account.

Short weight has reference to an apparent loss not due to any sifting or other
mechanical reasons. A bag is apparently. in perfect condition; still the flour does
not weigh the full 100 pounds.

i
In searching for the reason for this situation we must remember that £lour
is a hygroscopic substance. This means that its moisture content is affected by the
percentage of relative humidity of the air, in the railroad car, room, or other
place in which it is stored or handled. In a very moist atmosphere flour will pick
up moisture and will gain weight. Under average conditions flour loses weight and
this loss in weight is due to loss in moisture. |

It is necessary, therefore, to remember that this loss in weight is a natural
process. -

Because:. flour will change in one direction or the other in moisture content,
‘depending on the humidity of the atmosphere which has access to it, it has been
desirable and necessary to set a moisture standard for purposes of supervisory
and legal control. This moisture standard is 15 per cent, and all flour weights
are legally calculated to what they would be if the moisture percentage of the
sample were 15 per cent. The chemist has standardized his method of determining
moisture content and this method has been accepted by regulatory adthorities;
therefore, the entire process is on a legal basis.

The first thing that any baker should do if there is evidence that a shipment
of flour weighs less than labelled, or invoiced, is to take a proper sample and
have the moisture content determined, using the official method. In taking this
sample, it is of course important that it be drawn from the entire lot in such a
way as to be representative. The laboratory which runs the moisture test for
the baker, or the chemist in the bakery, have full directions on taking such
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samples. Briefly, they consist in sampling a number of bags, which should never
be less than 10, and should be froem 15 in a 225-bag lot to 20 in a 400-bag lot,

etc,

The samples of flour are taken from each bag with one-half inch steel trier,
stored in moisture-proof containers which are filled by the sample, and moisture
is determined on the composite sample. {Anyone interested in complete details
as to methods of sampling and analysis should consult the official publications of
either the Association of Official Agricultural Chemists, or the American Asso-
ciations of Cereal Chemists).

Once the moisture content of the shipment of flour is known, at the time it
was weighed on receipt at the bakery, and we have a correct net weight figure for the
flour on receipt at the bakery, the remairder is very simple.

There is a basic formula which can be used to check up on any shipment of any
weight or any moisture content. This formula is reproduced in connection with the
example of a typical calculation which accompanies this article.

) To facilitate checkups in the bakery we have calculated this for flour in 100-
pound bags and have built up a table covering all net weights per bag on receipt
from 100 down to 96 pounds and all moisture contents on receipt from 15 down
to 11.5. To determine the true weight of flour at 15 per cent moisture content
from this table, we merely run our finger down the first column until we find the
net weight on receipt and then we run across the table until we reach the column
showing the moisture content on receipt. The figure found will be the true net
weight of the flour per bag at 15 per cent moisture. There is a stepped heavy
line running down through the table. Any shipment which falls above this line is
overweight, and any shipment which falls below it is underweight by the amount
indicated.

In this matter of discrepancy between receiving weights and invoice weights
of flour shipments, we believe that the baker will find it difficult to locate ship-
ments which are really short weight. The baker may take it for granted that the
bags of flour, when packed at the mill, contain their full weight of flour, or
slightly more. Any loss between the mill and bakery will normally be due either
to mechanical losses such as sifting or leakage through defective or torn bags,
or to loss of weight due to loss of moisture.

: When a shipment of flour has been properly checked up, properly sampled,
and appears to be short weight, when calculated back to 15 per cent moisture,
the matter of a claim for this shortage on the mill comes up for consideration.
The amount of the discrepancy should determine whether an actual claim will be
made. When complete data from authoritative sources exists and supports the
claim for shortage, the baker will find no hesitation about an adjustment. The
record shows that when moisture content is accounted for, practically no flour

is short weight.
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Directions:

TRUE WEIGHT OF FLOUR 100-LB, BAGS

then look straight across to the right until the column is reached headed by the

moisture content on receipt, £.i. 14.0, and the figure in the square where the row

and column meet, £.i. 100. 16 pounds, is the true weight.

Find the net weight on receipt in the lefthand column, £.i. 99 lbs.,

‘ et
.. Wt. on
. Receipt

Moisture Content on Receipt

15.0 14. 5 14.0 13.5 13.0 12.5 12.0 11.5
100 100. 00 100. 59 101. 18 101.76 102.35 102.94 103.53 104.12
99 1.99.00 99. 58 100. 16 100.75 »' 101. 33 101.91 102.49 103.08
98 | 98.00 98. 58 ~ 99,15 99.73 100. 31 100, 88 101. 46 102.04
97 97.00 97.57 98, 14 .98.71 99. 28 99. 85 100. 42 100.99
96 96.00 96.57 - 97.13. | 97.69 98. 26 98. 82 99. 39 99.95
All shipments falling below the stepped line are short weight

The formula used in computing the above table is:

Net weight of the package of flour at 15% moisture is equal to the net weight

of the package on receipt times a fraction, the numerator of which is the difference
between 100 and the moisture percentage as received, and the denominator of which

is 85.

EXAMPLE: New weight of a particular shipment: 99 pounds.

Moisture percentage AT THE TIME THIS SHIPMENT was weighed: 14%
Net weight of the package of flour at 15%.

Moisture . . . . . . .. ... ... 99x86/85, or 100. 16 pounds.
Therefore, the shipment is not short weight. As a matter of fact, it is

one-sixth of a pound overweight.

~*  (Courtesy of Bakers' Weekly)
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CHAPTER 6
SALT ¢

A chemist possesses knowledge of dozens of salts, such as sulphates, bromates,
nitrates, phosphates, chlorides, etc. But manufacturers of baked foods are pri-
marily interested in only one salt, sodium chloride, commonly known as table
salt.

, Many of cur foods contain salt in its natural state. This important ingredient
is added to all doughs and batters by bakers for the purpose of improving the tastes

of products made therefrom. Baked foods containing the correct amounts of salt

are more palatable. If an insufficient quantity is used such products taste flat.

In addition to improving the taste of products in which used, salt also makes more

pronounced the tastes of other ingredients with which combined.

To sustain health and life salt is an indispensable article of one's diet.

A. SOURCES OF SALT

A great abundance of salt is found in nature. The two main sources of salt
are (a) lake, ocean, and sea water, and (b) salt beds deposited in the earth.

1. Recovery from natural salt waters

In the states of California and Utah and in foreign countries with hot dry climates,
lake, sea, or ocean water is first drawn into large vats, or shallow ponds. Under
such corditions the water containing salt in solution is allowed to evaporate slowly
by the sunis heat. When the solutions become sufficiently concentrated, salt crys-

tals commence to form. At intervals during the evaporation process, impurities
asscciated with the salt are removed from the brine by transferring the concen-
trated solution from one vat or pond to another. Finally, pure salt (NaCl) crystals
commence to separate more rapidly from the brine, and this is allowed to continue
until practically all of the water evaporates. The remaining salt is then collected
and subjected to further purification. All remaining water is then driven off by
complete evaporation, the cakes, or large crystals, are then crushed and separated
inte desired grades by sifting.

2. Mining of rock salt

Salt beds deposited far below the surface of the earth in this and foreign
countries are known as salt beds. These deposits are often found several hundred
feet below the crust of the earth. However, some salt beds are located suffici-
ently near the surface of the earth to allow "strip mining". Salt secured by
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this method is known as rock salt and is recovered in rather large pieces, irre-
gular in shape. This type of salt, after being crushed and graded, is made use
of largely as a cattle food, . for the curing of hides, and for other industrial purposes.

’  Although rock salt is usually mixed with impurities, such as clay, it occasion-
ally occurs in a very pure state. Subjecting impure forms of this salt to thorough

processes of purification is necessary before it becomes suitable as an edible sub-

_ stance. During these purification methods objectionable substances Wthh would
impart undesirable tastes or colors are removed. Because of the expenses involved

during purifying processes it is not economical to convert impure rock salt into

edible form.

3. Galt wells

Salt wells are found in some localities. Natural Brine is obtained from these
wells by boring down.into them and pumping the brine to the earth's surface.

Natural salt beds are found in this country far below the surface of the earth.
To recover this salt, six-to ‘eight-inch pipes are sunk into these deposits with
other pipes about half their diameter driven into these larger pipes and to greater
distance into the salt beds.. Then fresh water is forced down through the outer,
larger pipe and onto the salt beds, soaking into the salt beds and dissolving the
Impure salt. This artificial brine is then pumped to the earth's surface.

Small quantities of mineral substances, other than salt, are contained in the
- natural and artificial brines. These impurities possess objectionable bitter tastes
and are removed during the evaporating processes, which is continued until prac-
“tically all water is evaporated. The remaining crystals are in a pure state. By
carefully controlled evaporation methods, the size of crystals are more or less
controlled. - Finally the crystal deposits are thoroughly dried and graded by sift-
ing. ~ ‘ .

Highly refined edible bakers' salt is today supplied by several manufacturers
all of quch are, in most respects, quite 51m111ar

Effect on dough fermentation

Salt has no direct bleaching effect on dough, or bread or rolls, although this
claim is sometimes made. This ingredient has a strengthening effect on the glu-
ten of a dough. '

The average percentage of salt used in sweet roll and doughnut doughs is

1.25 to 1.50%; in cakes 3% to 4%; and in cookies . 005% to . 01%-~this based on
flour as 100%.
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5. Primary purpose of using salt L

The primary purpose of using salt in baked foods is to improve the taste of
such products. However, the presence of salt in a baked product makes more

pronounced the taste of other ingredients, such as sugar.

6. Salt storage"

Due to its stability, salt does not spoil under ordinary storage conditions.
There are, however, two conditions that cause salt to cake:

The first is alternate exposure to damp and to dry conditions. When salt is
stored in a damp place, it will not cake until it subsequently dries out. It takes
both the damp and the dry condition te produce caking. The critical humidity is
70-75% relative humidity., When salt is exposed to a condition that is higher in
relative humidity, it picks up moisture which dissolves some of the salt, thus
coating the crystals with brine. A subsequent dry period (below 70%-75% relative
humidity) causes this thin coating of brine to evaporate, uniting the crystals by
means of salt itself.

The second way that salt can be made to cake is by storing it in contact with
artificial heat. Some bakers store salt by piling the bags against the side of the
oven, while others store this ingredient in contact with a steam pipe, or radiator.
This should be avoided. Salt should be stored in a cool, dry place and not in an
excessively hot atmosphere. Multi-wall paper bags protect the salt from damp-
ness and also from odors. Salt will absorb odors and for that reason storage
rooms for salt should be free from any undesirable aromas.

7. U. S, Government standards and definitions

Table salt or dairy salt is a fine-grained crystalline salt containing, on a water-
free basis, not more than 1.4 per cent of calcium sulphate (CaSO,), not more
than . 5 per cent of calcium and magnesium chlorides (CaCly and MgC1l,), nor
more than 1 per cent of matter insoluble in water.
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CHAPTER 7
YEAST

1. Compressed Yeast

Yeast is a microscopic one-cell plant. A single yeast plant is round or oval
in shape and measures about 1/3600 of an inch in diameter. It multiplies by bud-
ding-each new cell growing out of the mature one. This is why yeast is usually -
found in chains of cells. A pound of yeast is composed of billions of single-cell
plants. ’

There are hundreds of species of yeast, : and scores of different strains in each
species. So the problem in providing bakers' yeast is to select and produce, un- |
contaminated, the strain which will do the best job of breadmaking.

The finest bakers' yeast is a special variety chosen and cultivated because of
its hardness, uniformity, and strength. It is yeast which will produce the best

character of fermentation in the dough and make the highest quality bread.

2. Active Dry Yeast

During the war period, active dry yeast was developed for breadmaking over-
seas and elsewhere where fresh compressed yeast was unavailable. This product
requires much less shipping space, and is considerably less perishable than fresh
compressed yeast. If properly packed it will remain in good working condition
for several months, if kept in a cool atmosphere. ‘

Because of its advantageous characteristics, commercial bakers, at first,
showed considerable interest in this form of yeast, but, when all factors were
considered, it was found to possess no advantages over fresh compressed yeast.

Three pounds of fresh yeast is required to make one pound of active dry and

about half as much dry as compressed is required to produce somewhat similar
results.

3. . Early History of Yeast

Thousands of years ago the Egyptians used a leaven for making crude cakes,
the first breads made by man. Some of these simple loaves are to be found in
our museums today. The Egyptians possessed no knowledge of yeast, such as we
have today. However, their leaven contained wild strains of yeast. This was
preserved from day to day and was used as a starter in fermenting another dough.
South American bakers and bakers in some other countries still use these ferments
(starters) in making bread. These bakers, boast about the number of years the
same ferment has been used in their bakery, displaying these claims in signs
attached to their bake shops. Inrecent years this method of fermenting doughs was
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practiced by some old~country French bakers, making French loaves.

The first students of fermentation concluded that this process was the result

of decomposition of organic matter.

A Dutch scientist, Leeuwenhoeck, in 1680, constructed a microscope which
enabled him to recognize individual yeast cells {plants). He described yeast cells
but did not recognize them as living substances producing dough fermentation.

A century afterwards, another scientist, Thenard, made the claim of yeast
causing fermentation. His claim received the support of many, but for years
this was a controversial subject. Not until 1859, and not until considerable re-
search investigation, was any definite information on this subject established.
At that time Pasteur, ""The Father of Fermentology", positively demonstrated
the fact that yeast was a living organism capable of growth and reproduction.
Also that yeast produces sponge and dough fermentation when conditions are

favorable.

4. Yeast Manufacture

The commercial manufacture of yeast in the United States began in 1868. An
outstanding brewer in Cincinnati, who learned his trade as a ycung man in Austria
observed with interest in results obtained by local bakers who obtained supplies
of brewers' yeast from his factory. By replacing their starters (old dough} with
this form of yeast, marked improvements were made in fermentation. Doughs
containing this liquid yeast fermented more rapidly and at a more uniform rate.
Stirred by the results bakers obtained with brewers' yeast, this brewmaster then
resolved to produce a purer, better type of yeast for bakers. Thus the commerical
manufacture of yeast was commenced.

a. Seed Yeast
The first step in yeast manufacture is that of selecting and cul-
tivating a choice strain of seed yeast from which to grow and reproduce a

hardy, uniform type of bakers' yeast.

bz) Yeast Growth and Reproduction

The secend step in the process of yeast production is that of pre-
paring the most suitable food for yeast and providing favorable conditions for
growth and reproduction.

The first food used was a water extract of malted barley, or other
grains. During the malting {sprouting} of the grain, enzymes secreted and
functioned rapidly, converting the starch of the inmer portion of the cereal into
maltose (malt sugar) and the complex proteins into simpler, more soluble
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forms. An extract of these substances, containing a small quantity of minerals
found associated with the starch and proteins, constituted a good medium for yeast
growth. The sugar thus formed was acted upon by another enzyme, converting
this into a simpler, available form which was assimilated .by the yeast cells.

~ Seed yeast was then introduced into this extract and the extract was maintained at
a most desirable temperature for plant growth. Purified air was forced through
the food medium, supplying the yeast plants with much-needed oxygen for optimum
growth .and removing toxic carbon dioxide gas resulting from the feeding of yeast

on sugar present.

In later years, during a grain shortage, research workers discovered that
molasses, nitrogen salt, and mineral matter dissolved in water could be success-
fully substituted for the grain mash extract. : -

To prevent contamination the vats and food medium are carefully sterilized.

c. Yeast Growth and Reproduction v

When supplied with suitable food in solution and favorable conditions, seed
yeast commences to grow and reproduce other yeast plants by a process of budding.
Each plant commences to assimilate nutrients from the food medium. These food
substances are absorbed through the membranous outer coating of the yeast cells.
This process is known as osmosis. Within a short time a bulge will appear on the
side of the yeast plant. This bud will continue to enlarge until it reaches the size
of the parent cell. This requires about two hours. These newly formed plants.
immediately commence to bud, finally breaking away from the parent cells. This
process of multiplication continues. - '

- When the most desirable number of generations has been produced, the yeast
plants are then separated from the spent food extract by means of centrifugal
machines. It is then cooled, pressed, cut, wrapped, refrigerated, and distri-
buted to bakers.

As many as twenty-five to fifty generations may be produced from the start of
the process to completion. In the final yeast generations, only about three to six
generations develop before the yeast is sent to the centrifuges.

Each of the many series of stages of yeast manufacture requires eight to
twelve hours. Three to five days are usually required from the start of the seed

yeast fermenter before commercial yeast is produced.

5. Functions of Yeast in DoughS\i

Yeast performs two important functions in bread making. It raises and con--
ditions the dough. During fermentation the yeast matures the gluten and pro-
duces gas to raise the dough. These two functions, maturing gluten and gas pro-
duction, must be in harmony with one another. If they are not balanced it will
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be evidenced in the baked products. Yeast gives one this harmony which changes
the inert, heavy mass of dough into a light, porous, elastic product which, when
baked, becomes appetizing, easily digested, nutritious bread.

6. Yeast Enzymes and Their Functions

An enzyme is an organic substance (organic catalyst) found in food products,
which produces chemical changes without entering into the changes. Several
enzymes are found in yeast. These are:

a. Sucrase, which converts cane, or beet sugar (sucrose) into dextrose and

levulose, forms assimilable by yeast as food.

b. Maltase, which converts malt sugar (maltose) into available dextrose.

c. Zymase, which changes dextrose and levulose into carbon dioxide gas and
alcohol, producing fermentation.

d. Proteolitic enzymes, which act upon complex proteins converting them
into simpler, more soluble forms, thereby aiding in gluten conditioning (dough
matggng).

Y

7. Care and Use of Yeast

Yeast is a living plant in which respiration goes on all the time. This consists
of the osmotic and chemical prosesses by which yeast absorbs oxygen and gives
off carbon dioxide. The respiration is a continuous process, rapid when the temper-
ature is high, slow when it is low. For this reason, yeast must be refrigerated
until used.

Extreme care in handling yeast should be observed during manufacture and
shipping, in fact through every step, until delivered to the bakery. The baker
should take every precaution to insure the greatest activity of his yeast when it
is incorporated into the dough batch. Ideal yeast storage is 35° to 450 F., in a
clean, dry, sanitary refrigerator. Yeast should not be removed from the re-
frigerator, or unwrapped until it is to be used.

Yeast should be suspended insome of the ingredient water that is to be used
in the dough. This can be done with less difficulty by crumbling the yeast, adding
water, and allowing this mixture to stand a few minutes before agitation. Salt,
fats, and dough improvers should never be mixed with the part of the water con-
taining the yeast.
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8. Qualities of Good Bakers' Yeast

a. Purity of Yeast

Bakers' yeast must be kept pure and uncontaminated from foreign wild strains
and undesirable bacteria because they seriously interfere with the normal healthy
fermentation. '

b. Hardiness or Keeping Quality

Like other living plants, yeast is perishable. Yeast should be cultivated to
extreme hardiness so that it retains its baking strength throughout shipping and

handling.

c. Strength of Yeast /

This is the power of the yéast to raise and condition the dough. Strong yeast
acts faster and longer. It will continue to act until the temperature reaches 1400
F. within the oven. This is the thermal death point of yeast. '

By improved methods manufacturers are producing uniformly strong yeast
which acts vigorously in the sponge or dough from start to finish.

d. Appearance

Good yeast ranges from a creamy white to a light cream. Rarely, the outside
may be whitish, while the inside is normal cream colored. When dark, or grayish
in color, this is an indication that the yeast is old, or has been damaged.

e. Consistency, Feel, and Break

Bakers' compressed yeast should be firm and springy to the touch, and slightly
moist. A clean, sharp break should be apparent when the yeast is broken. If soft
or putty-like, such yeast is of inferior quality, or old, or damaged.

f. Uniformity

A baker expects that the yeast he receives will be the same-yesterday, to-day,
and tomprrow- and that he will always obtain the same results under the same
conditions. Uniformity in the yeast not only governs the uniformity of the baked
products, but also affects the schedule of shop operation. -
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CHAPTER 8 7/
STARCH, SYRUPS, AND CORN SUGAR

Compounds containing carbon, hydrogen, and oxygen, with hydrogen and oxygen
in the proportion found in water (H,O1), are known as carbohydrates. All sugars
belong to this class of compounds.

The three sugars of greatest interest to bread makers are cane sugar, beet
sugar, and corn sugar (dextrose). Cane sugar and beet sugar are known by chemists
as sucrose. Sugar manufactured from the starches of cereals is known as malt
sugar, or maltose, while milk sugar is known as lactose. These sugars are classi-
fied as disaccharides. While differing in properties such as sweetness, they all
have the same formula; C1pH220711. Upon hydrolysis sucrose and maltose yield
two molecules of simple sugars (2CgH1206).

Cane and beet sugar are sweeter than corn sugar (dextrose), and lactose is
less sweet than corn sugar.

1. Coxn Starch Manufacture

Corn is used in the manufacture of starch. The approximate composition of
this cereal is:

Moisture 11%
Starch 70-1/2%
Protein 10%

Fat 4-1/2%
Fibre 2-1/2%
Ash- 1-1/2%

"Thus a bushel of corn weighing 56 pounds, when wet milled, will yield approx-
imately 33 pounds of starch, 15 pounds of "gluten feed" and 1-1/2 pounds of oil.
All kernels are by no means the same. The variety, weather, fertility of the soil,
and methoed of cultivation all combine to give the processor an ever-changing
raw material.

"Shelled corn is elevated to the storage bins from carloads of around 1300 bush-
els. From the storage bins the corn passes through cleaners which take out any
foreign materials. It is then ready for the initial step in processing which is to
separate the grain of corn into its following constituents: solubles, germ, hull or
fibre, starch, and "gluten". The hull is loosened and the "gluten" softened by
steeping in warm water containing a small amount of sulphur dioxide which prevents
fermentation during the soaking process. The steepwater dissolves soluble min-
eral matter and other solids. When it reaches sufficient concentration, it is
drawn off and concentrated to a heavy, syrupy liquid which is used as a food for
yeast, for penicillin manufacture, or to enrich the cattle feed made from the fibre
and gluten.
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. "The corn, which has been softened in the steeps, is then ground in attrition
mills, These mills have two close plates of teeth revolving in opposite directions.
Thus the grains are torn to pieces without injuring the germ.

"The cracked coxn then passes on to deep rectangular tanks, called germ
separators, filled with starch milk. The germ containing the oil is lighter than
the rest of the cracked grain and floats on the surface of the starch milk while the
remainder of the grain settles to the bottom.

"The material left from the germ separation is then ground in a stone, or Buhr,
mill and run over reels and shakers to separate the particles of hull from the starch
and "gluten". The starch and "gluten" are then separated in centrlfugals, or on
"tables". The "table" is a long, slightly tilted trough. The starch granules are
heavier than the "gluten" and drop to the bottom while the lighter "gluten" flows
over the end. The deposited starch is then ready for either drying and rmllmg or
for further processing into syrups, dextrose, or dextrins.

"The dried starch is milled in a manner equivalent to that used in flour mills,
The finely powdered starch is passed over several sets of silk reels to remove all
grit and hard particles.

2. Manufacture of Dextrose and Syrups

"In the manufacture of syrups and dextrose the wet starch is treated with a
small amount of hydrochloric acid under pressure and heat in convertors. The
pressure at which the starch is converted, the time required for conversion, and
the amount of acid used depends upon the desired dextrose content of the finished
product. The action of the acid on the starch is identical with the process which
takes place when starch is acted upon by the enzyme diastase.

"After the starch has been converted the excess acid is neutralized to common
salt by the use of sodium carbonate, The neutralized liquor is then passed through
centrifugals, filters, and bone char filters to remove all impurities.

a. Dextrose

"Refined dextrose is the product of complete conversion of the starch. The
highly converted and concentrated sugar liquor is slowly agitated in large cylin-
drical crystallizers. Crystallization takes place in 3 or 4 days. The very heavy

~liquor containing the crystal pure dextrose is then processed in centrifugals to
remove the mother liguor. The crystals are washed with pure water until nothing

remains but the dextrose. It is then dried, screened, and packed in bags. The
solids are 99. 8% pure dextrose Commercial dextrose (corn sugar) contains
about 9% moisture.

"Dextrose is especially able to support the growth of yeast, but before yeast
~-can: use either cane or beet sugar, it must first change them into a dextrose and
levulose.
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b. Corn Syrups {Commercial Glucose)

"If the conversion is run to completion only dextrose is produced. Hence the
process is stopped at the desired point for the manufacture of syrups. Corn syrups
‘are available in the low, normal, and high conversion types, with dextrose equiva-
lents of approximately 30, 43, and 62, respectively. The dextrose equivalent
bears a direct relationship to the dextrose and maltose content of the syrups.

"High conversion" syrups are made either by straight acid conversion or by a
combination of acid and enzyme conversion. The baker is especially interested

in the normal and high conversion types. Forty-three degree Baume syrups are
generally preferred, although some users prefer 420 Baume syrups in winter weather
because the higher water content makes it flow more readily."*

*{Courtesy of A. P. Gleason, Corn Products Sales Company, New York)

3. Malt Syrups and Malt Flours

To a baker, "malt" is known as malt syrup. However, a strict definition of
"malt" is grain that has sprouted. The dictionary definition of malt is "grain,
generally barley, softened by steeping in water, and allowed to germinate. "

There are two forms of malt available for bakers' use, viz: liquid malt syrup
and dry malt syrup.

Malt syrup is a cookie, breads and rolls ingredient usually found in small
amounts in bakers' formulas. It possesses a pleasant sweet taste.

a. Malt Syrups

This baking ingredient is composed of about 75% solid matter and 25% water.
The composition of average liquid malt syrup is 67. 5% maltose (malt sugar), 75%
acid, 5.5% soluble protein, 1. 25% mineral matter, and 25% water. All of these
substances, with the exception of the small quantity of acid, supply food for yeast
growth and reproduction.

There is available for bakers' use non-diastatic - 10° L. or less, 200 L.,
400 L., and 600 L. liquid malt-syrups. The principal differences between these
syrups are their diastatic and protease strengths, or contents. Lintner value
is the diastatic measure of the hydrolysis of starch to maltose. In other words,
the degree Lintner {©9L.) is the chemist's vardstick for measuring the diastase
present in a malt syrup. A malt syrup of 100 L., or less is known as a non-
diastatic malt. Obviously a 40° L. malt syrup has twice the diastatic value of

a 200 L. and a 60° L. three times the starch conversion power as a 200 L.

Protease is a protealitic enzyme associated with diastase in malt syrup. This
enzyme possesses the power of converting complex proteins into simpler, more sol-
uble forms. As the diastase is increased or decreased in malt syrups, the protease
also increases, or decreases.
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b. Commercial Manufacture

(a) Liquid Malt Syrups .

Any grain may be used in the manufacture of malt syrups. However, barley
is usually preferred for this purpose.

The first step in the process of malt syrup production is that of cleaning the
barley, or other grains, removing seeds, dirt, and other foreign matter.

The cleaned grain is then moistened with water, and is kept at a definite tem-
perature and humidity that will favor sprouting. During the sprouting period, the
grain is turned frequently by hand, during floor sprouting, or by slowly revolving
machines in the case of drum sprouting. By this stirring of the grain it is aerated
and excessive heating is prevented - both favoring ideal sprouting conditions. Under
these conditions sprouting commences. This is allowed to continue for a few days,
until the sprouts become about half the length of the grains. The malting (sprout-
ing) is then checked by gradually increasing and controlling the temperature so as
not to damage or destroy the diastase and protease present. The malted gram is
then ready for use in the manufacture of malt syrup.

During grain sprouting, the enzymes alpha-amylase, beta-amylase, (diastase)
and proteinase increase in quantity and become quite active. Alpha-amylase is
the starch-liquefying enzyme and beta-amylase the starch-saccharifying, or sugar-
producing, enzyme. At the same time the proteinases convert the complex proteins
into simpler, more soluble forms.

The sprouts are removed from the grain, which is then ground and mixed with
water at an established temperature, forming a "grain mash". For several hours
this mixture is agitated, during which the enzymes above referred to are greatly
activated. During this period the grain starch is changed mostly into maltose,
with a small quantity converted into malto-dextrin. Simultaneously the natural,
complex grain proteins are converted into simpler, more soluble forms. During
‘this process, the maltose and simpler proteins produced, along with mineral
matter within the grain, are dissolved within the water present, forming a dilute
malt syrup extract, from which the spent grain is removed by filtering. This
dilute extract is then transferred to large vacuum pans where evaporation is -
commenced. This process is allowed to continue until a heavy malt syrup is pro-
duced. During this final process the temperature is so regulated as to control
the amount of malto~dextrins produced as well as the protealytic and diastatic
enzymatic strength of the malt syrup produced.:

(b) Dry Malt Syrups

. If the process of evapbxating the extract is carried to completion, dry malt
syrup results. This is a sweet, light yellow colored powder. It is composed of
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about 97% malt solids and 3% water. Approximately 75% of the carbohydrate solids
is fermentable by yeast. This product is naturally quite hygroscopic (readily ab-
sorbs atmospheric moisture) and requires special moisture-free packaging.

4., Use of Malt Syrups
There are two principal purposes for using malt syrup as a dough ingredient:

a. The primary purpose of using malt syrup in a yeast dough is as a partial
yeast food, stimulating growth and reproduction.

b. The second is because of its enzymatic content.
c. Malt syrup is used in larger amounts in dark breads, such as Rye and Whole

Wheat. This ingredient is also used in the preparation of a glaze for sweet rolls
and coffee cakes and in the producticn of sometype of cookies.

d. The weights of liquid malt syrup are:

1 pint of malt syrup 11b. 7 oz.
1 quart of malt syrup 21b. 14 oz.
1 gallon of malt syrup 111b. 8 oz.

Because of the greater density and much greater weight of malt syrup than that
of an equal measured quantity of water, it becomes obvious that this ingredient
should be accurately weighed, or measured in special measures when used. This
is important to insure the usage of the exact amounts required.

e. Malt syrups should be stored in cold storage and only small inventory stocks
should be carried during summer months to prevent deterioration prior to using.
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CHAPTER 9

A. CANE AND BEET SUGAR PRODUCTION*

1. Planting and Harvesting Sugar Cane

"Commercial production of sugar cane is begun by planting cuttings-about a

foot long, each containing two or three seed buds. A plant soon grows with sever-
al shoots forming a clump of cane. One such planting on virgin soil in Cuba is
sufficient to produce crops annually for ten to fifteen years. New plants, termed
"ratoons" spring up from the stubble after each harvesting. The first crop, known
as "plant cane", ordinarily harvested about 18 months after planting. After the
first crop, sugar cane is normally harvested every 12 months, although in some
areas, notably Hawaii, at longe:c intervals.

"The sugar cane stalks are quite similar in appearance to growing corn, but
often attain heights of from fifteen to eighteen feet. They are thick and unbranched

with broad, flat leaves, about three feet in length.

"When the cane is ready for harvest, the stalks are cut near the surface of the
ground. In most areas these operations are performed by hand; in others mechan-
ical harvesters are used. An expert workman, using a heavy machete, can cut and
- load about six tons of cane a day. After cutting, the leaves are stripped from the
stalks which are then loaded into ox carts.  While the ox cart is still common in
Cuba and much of Asia, the harvested cane is carried to the mills in every type
of conveyance ranging from the most primitive to the most modern. The trend
in.harvesting and transportation of the sugar cane is steadily toward mechamzed
handling, for greater efficiency and economy. :

"Locomotives haul loaded cars to the raw sugar mill or "central" and are
_ switched onto tilting tables. The cars have hinged sides so that, when these tables
are tilted to a sufficient angle, the sugar cane slides from the car to conveyors
which carry the cane stalks to the crushing rolls. These consist of pairs of coxr-
rugated cylinders placed one above the other, which shred the cane by twisting as
it passes through. This operation separates the fibers and prepares them for the
grinding mills but does not press out the juice.

"The shredded cane now passes through a series of heavy horizontal steel roll-
ers, revolving with tremendous pressure against each other, bursting the sugar
cane cells and pressing out the juice. Toward the end of this operation sprays
of water facilitate the extraction of any remaining juice. The fibrous residue,
known as "bagasse", generally provides the fuel for generating the power to operate
- the mill and the steam for evaporation and crystallization of the juice. Bagasse
also forms the basic material for the manufacture of fiber insulation board used
in building construction. The sugar cane juice, which constitutes about 30% of the
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entire weight of the cane, is now ready for further processing to produce raw
sugar.

2. Raw Sugar Manufacture

"The juice is first heated, after which lime is added to neutralize acidity and
precipitate certain impurities which are then removed by settling and filtration.

"Concentration of the juice into syrup starts in huge evaporators. The syrup
is then boiled in vacuum pans which are large dome-shaped tanks, where crystal-
lization takes place. It is essential to avoid caramelization or burning of the syrup
that would result from boiling at elevated temperatures. Since liquids boil at low-
er temperature under a partial vacuum than in open air, a vacuum pump in connec-
tion with a condenser is employed to create a partial vacuum within the pan. The
resulting mixture of sugar crystals and molasses then goes to centrifugal machines,

"A centrifugal machine consists of a round basket-like container with screen
sides, suspended on a vertical shaft within a circular metal shell. The shaft spins
the basket at a speed cf 1000 to 1200 revolutions per minute. The centrifugal force
thus developed throws the molasses off through the screen sides, and the sugar
crystals are retained inside the basket., The resulting product is rather sticky,
ranging from grayish to reddish brown in color, and is known as centrifugal raw
sugar. Raw sugar is not suitable for food or as a component of foods unless further
processed.

3. Processing and Refining Raw-Sugar

a. "Raw cane sugar is first produced from the sugar cane. The mature sugar
cane is shredded and pressed to extract the cane juice. The juice is treated with
lime to neutralize the acids present and coagulate colloidal and organic matter,
clarified by filtration and concentrated by evaporation into a thick syrup. The
sugar is then crystallized from this syrup in vacuum pans and separated from the
liquid by means of centrifugal machines. The resulting products are known as
raw sugar and blackstrap molasses. The raw cane sugar from which our sugar
of commerce is refined is a moist, sticky, brown-colored mass of sugar crystals
covered with a coating of syrup and may contain extraneous materials which render

it unsuitable for focd or a component of food unless further processed.

"The raw sugar is transported to refineries where it is then processed into
refined sugar. First the raw sugar is washed in centrifugal machines with a
sugar syrup from previously refined sugar to remove the syrup surrounding the
crystals. The washed sugar is dissolved in water, clarifying agents added and
the mixture filtered through pressure filters resulting in a clear amber-colored
solution. The amber-colored solution is then passed slowly through deep beds
of special decolcrizing materials which produces a clear, water-white solution.
This solution is subsequently concentrated by evaporation in vacuum pans (to pre-
vent losses due to caramelization by the effect of heat) until sugar crystals
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are formed and developed to the desired size. Only through long, painstaking

_ experience is the sugar boiler able to produce the maximum amount of crystals

~ of the desired size although modern instrumentation today is making this a much
easier job with more accurate control available.

n The sugar crystals are then separated from the semi-liquid mass in-high
 speed centrifuges. After discharge from the centrifuges the crystals are dried by
~ means of heated air blown through the sugar passing through large revolving cylin-

ders. The next process is to screen and classify the various grain sizes and
eliminate over-sized crystals and clumps before being packed into bags or cartons
_ as desired. The resulting product, the refined sugar of commerce, is a white
) crystallme solid containing almost no moisture and is at least 99. 9% pure sucrose.
This exceptional degree of purity has been obtained by the refiner through the highly
efficient and effective processes of crystallization and recrystallization, abetted
by the special purification procedures utilized while the sugar is in solution.

- b. "Brown sugars or "soft" sugars are prepared by crystallizing and centri-
fuging the remaining sugar from the final syrup thrown off by the centrifugal
machines during the refining of white sugar. Soft sugars, however, are not dried
but are packed as they come from the centrifugal machines and therefore, contain
more moisture than refined white sugar (about 3 to 4%). They also contain a
considerably larger amount of mineral salts than refined granulated sugar.

c. "The sugar refiners also manufacture today another sugar product which
is fast becoming of great importance in its use in many industries. This product
is "sugar-syrup" - commonly called "liquid" sugar. It is usually made from a
sugar liquor in the refinery that has not-undergone the final crystallization pro-
cess but has been decolorized and otherwise purified. This product has been
developed on the idea and logic that where ever sugar is used in solution in a
manufacturer's operation it should be feasible to deliver sugar in solution from
the refinery to the plants storage tanks and then pump it throughout the plant
with concomitant savings over the usual bag handling procedures.

d. "Grades of sugars that are most commonly used in bakery products are:
.~ Medium Granulated, Sanding: Sugar, Fine and Extra Fine Granulated, Bakers
,Spec1a1 or Fruit Granulated and the several grades of _Powdered and Brown Sugars.

. .'"Medium Granulated sugar (a large grain sugar) is used primarily for the

‘ product:Lon of fondant (boiled) icings where a very white and glossy icing is a
requisite. Sanding Sugar, a brilliant crystal sugar of uniform granulation is used
for sprinkling on cookies and other sweet goods. Fine and Extra Fine Granulated
sugars are the two important granulated sugar grades for all-purposé use in the
bakery. Bakers Special is a very fine grain granulated sugar which is especially
suited for fine textured cake baking because this grade of sugar consists of whole
crystals and is not a powdered sugar. Fruit Granulated is similar and used for
same purpose. The powdered sugars, of course, are used generally in the prepara-
tion of icings, fillings, frostings, toppings and dusting powders. Confectioners
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XXXX and XXXXXX are especially recommended for velvety smooth cream fillings

in biscuit work and perfectly blended uncooked icings and frostings and extra smooth
fruit and nut pastes. These grades of sugars are packed either with 3% corn starch
to prevent caking or if the buyer so specifies, without cornstarch. Another grade
of powdered sugar called Starndard Powdered is not as fire as the Confectioners
types of powdered sugar and is generally applicable in dusting mixtures where the
Confectioners sugar is toc fine and the goods are prone to sweat easily.

e. "Brown or soft sugars are usually offered to the baker in four grades; No. 6
which is light yellow in color; No. 8, Medium yellow in color; No. 10, a golden
brown ccler and No. 13, a dark brown color. They are used primarily because of
their color and distinctive and delectable cane and cane-molasses flavor. Generally
the lighter grades, Nc. 6 and No. 8, are used in bakery products and icings where
a mild flavor is desired. The darker grades, No. 10 and 13, posses a rich cane-
molasses flavor, are used in such items as gingerbread, spice cakes, devil food
cakes, plum puddings and other dark colored, highly flavored foods.

"An important phase of baking "know-how" is an understanding of the functions
of sugar in bakery products. As is well known, sugar not only contributes to the
nutritive value of bakery products, but it also affects physical characteristics such
as volume, texture, cclor, flavor, and palatability. Thus, sugar has more than the
simple purpose of imparting a sweet taste to baked goods.

f. "The functions ¢f sugar in cakes and other sweet baked goods may be describ-
ed as follews: a tenderizer - by its effect on the protein in the mix, adds sweet-
ness, aids ir: the creaming process, creates a softening or spreading action of
batter, imparts a good crust color, retains moisture and prolongs freshness.

Thus, it can be seen that sugar is a very important ingredient in cakes and should

be employed in the correct proportions and carefully incorporated into the mix.

A thorough knowledge of the different types of sugar, their properties and functions
in cake making is highly essential to arny baker producing really fine quality pro-
ducts. Thus, indiscriminate substitution of fine granulated, coarse granulated,
powdered or liquid sugar may result in appreciable differences in the final product.

""As an example, very small grain sized sugar such as the Bakers Special
grade is widely used for cake batters since the small crystals assist in dispersing
the other ingredients and promote early aeration while at the same time fully dis-
solving by the time the batter is completed. It is reasoned that the sugar must
be in the form of fine crystals ard not in a finely powdered form otherwise the
proper mixing and aeration will be obtained. Another well known example
is in the production of cookies wherein the size of the granulation and physical
character of the sugar determires the characteristics of the cookies.

g. "Invert sugar may be defined simply as a mixture of the carbohydrates,
dextrose and levulose, present in approximately equal proportions. It is produced
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commercially by a process called inversion which simply consists of treating a
solution of sugar (sucrose) in water with an appropriate acid or enzyme under con-
trolled conditions. Invert sugar possess the very desirable physmal property of
being hygroscoplc (water attracting and holdmg), therefore, it is particularly use-
ful wherever 4 moisture retaining ingredient is necessary to maintain freshness,
_increase shelf life and aid in the standardization of processes to produce a uniform
_quality product. Invert sugar used in cakes and cake icings improves their keeping
~quality to retain moisture. The percentage of invert sugar that can be successfully
used in cakes depends upon the type of cake and care must be taken not to use too
much or the volume, cell structure and crust color will be affected adversely.
The use of the proper amount of invert sugar also assists in imparting a rich brown
color to the cake surface and enables bakers to remove cakes from the oven before
they are over-baked.

h. "A brief word on the nutritional value of baked goods may be in order. Be-
cause of the increasing attention being given to the facts about nutrition and health
people today are becoming more aware of the value of vitamins and the role of
proteins in the diet. However, few have stepped forward to say a good word for
the foodstuffs that are a source of 50 to 60% of our caloric intake, the carbohydrates,
of which sugar is a very important component. It may be true that probably, as
a whole, a large enough proportion of carbohydrates are consumed but, through
failure to understand the important functions they perform, extremists and faddists
think they can almost eliminate starches and sugars with impunity. This is not
so - because in addition to prov1d1ng fuel for energy carbohydrates are vital to our
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