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INTRODUCTION.

. The purpose of this work has been to determine
by baking tests, the difference in the bread making qualities
of spring and winter wheat flour, and, if possidle, to
work out a method by which bread fram the latter could be
made to equal the former in quality. It has been said
that good bread cannot be made from winter wheat flour.
The extent to which this crop is grown in the United
States, showe the importance of proving the contrary.

The Agricultural Outiook for May, 1914, Farmers'
Bulletin 598, reports the year's yield of winter wheat in
the United States to be 630 million bushels and estimates
that of spring wheat at 250 million (the average yield for
five years), making a total of 880 million bushels, of
which nearly three-fourths is winter wheat. The following
statistics of state yield from the same bulletin show the

wide range of territory over which it is grown.
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Table IX.

WINTER VHEAT,

BTATE ACREAGE BUSHELS., Forecast from
May 1 conditions

New York 360,000 7 +500
New Jersey 79,000 1,400
Pennsylvania 1,312,000 23,400
Delaware 114,000 1,900
Maryland 612,000 9,900
Virginia 779,000 10,000
West Virginia 236,000 3,200
North Carolina 611,000 6,500
South Carolina 80,000 900
Georgia 140,000 1,600
Chio 2,090,000 38,900
Indiana 2,485,000 45,500
Illinois 2.376,000 47,500
Michigan 9,000 15,800
Wisconsin 5,000 1,600
Minnesota 41,000 cema
Iowa 479,000 11,100
Missouri 2,549,000 44,200
South Dakota 69,000 conn
Nebraska 3,123,000 63,000
Kansas 7,950,000 132,000
Kentucky 745,000 102,000
Tennessee 709,000 8,600
Alabama 31,000 400
Mississippi 1,000 cnna
Texas 1,082,000 15,600
Oklehoma 2,465,000 35,500
Arkansas 105,000 1,300
Montana 481,000 12,900
Wyoming 41,000 1,100
Colorado 194,000 4,800
New Mexico 42,000 900
Arizona 31,000 900
Utah 223,000 5,500
Nevada 18,000 400
Idaho 339,000 10,100
Washington 1,201,000 33,000
Oregon 633,000 15,200
California 408,000 7,800

United States 35,387,000 630,000




In August, 1896, this College sent out a circular®
to about two hundred farmers of the state, asking what
varieties of wheat were grown in their locality and which were
grown most extensively. Seventy-five varieties were reported
and of these but three were of spring wheat and these were
growmn only in limited sections north of Saginaw Bay where
winter varieties do not thrive,

The lowa Agricultural College Experiment Station,
Bulletin 51, on Winter Wheat, gives a comparison of the acreage
of spring and winter wheat grown in that state, showing the
increase in the latter. 1In 1885, one twentieth of the crop
was winter wheat while in 1898, it had increased to one sixth.
The yield per acre with dbut few exceptions was larger from
winter than from spring wheat. At the BExperiment Station,
the yield fram winter wheat was almost double that of spring.
The following quotation from this bulletin shows the value
and advantage of growing this crop.

“The S8tation wishes to encourage farmers to grow
a larger acreage of winter wheat. The spring wheat belt is
creeping northward, leaving in its trail lands admirably
adapted to the growth of this crop. It furnishes one of the
best nurse crops with which to establish grasses and clover,
for the reason that it drawse lightly upon the eupply of soil
moisture as compared with other cereals, and is ready to harvest

before warm weather sets in, the season most liadble to injure

*Michigan Agricultural College Experiment Station, Bulletin 141,
February, 1897. '



-2-

young clover. By giving it place in the rotation, labor is
dietributed more evenly throughout the year, seed time caming
as it does when work is slack in the fall, snd harvest
1mmediat§ly efter haying. Besides, it is one of the most
profitable crops on the farm, the Station wheat being worth
upwards of thirty dollars per acre this season',

Since winter wheat is grown so successfully and so
extensively in the United States, the importance of developing
a variety that will withstand the cold wintere, yield a large
crop and at the same time possess good milling and baking
qualities hes long been recognized. The Agricultural
Experiment Statione have been working along this line for many
years. The problem of the farmer is, therefore, to raise a
good winter wheat, of the miller, to produce a good flour
and of the housewife, to understand how to use it successfully
in order that it may hold its place on the market with

spring wheat as a bread making flour.

Differences between Spring and Winter Whest.

Since spring wheet is considered essentially &
bread making flour, it is of intereest to note what qualities
are necessary for this, and wherein it differs from winter
wheat. Epring wheat is grown in the Northwest, principally
in Minnesota, the Dakotas, and Canada where the winters are
too bovoro for winter wheat. It is planted in the spring
and harvested the same year. Winter wheat ie grown in
various sections 6f the United States, as the above tabulation

shows., It is planted in the fall amd harvested in the early






-3-

sumer of the following year. The kernels of winter wheat,
especially the soft varieties, are large, rlump, and starchy,
while those of spring wheat are emall, hard end glutinous.

VWinter whest flour ie white and powdery with a
tendency to cake when gently shaken in a sieve. It feele
velvety and reteins the imprint of the fingers when pressed
in the hand. Spring wheat flour is creamy in color, feels
granular, readily passes through the sieve and does not
retain the imprint of the fingers when pressed. A given
weight of spring wheat flour will abeord more water than an
equal weight of winter wheat flour. A given volume of sepring
;hoat flour wéighs more than an equal volume of winter wheat
flour,

Chemical Composition,

The chief difference in the cheamical composition
of spring and winter wheat is in the starch and gluten content.
Since winter wheat pust live through the winter, it is
necessary to store up nourishment, hence it usually contains
& larger proportion of starch. Epring wheat growe and matures
more quickly, does not require so much nourishment,asnd is
usually richer in gluten. However, there is a wide range of
varigtion in the composition of the different varieties of
both spring and winter wheat as Table 2 shows, This is
influenced largely by soil, climate and rainfall,



Table 2.*

COMPOSITION OF WHEAT.

8.
Carbo-
Yater Protein Fat hydrates Ash
% % X
Spl‘ing Wheat 10.41 150 50 2.28 69088 1, 98
Straight Patent Flour 12.38 13.60 1.30 72.04 o6
Vinter Wheat 10.25 12.34 1.35 74.23 1.22
Straight Patent Flour 10.97 10.92 «50 77.15 .
b.'OO
8pring Wheat .
Patent Flour 7.68 12.42 1.16 78.08 <63
V¥inter Wheat 7.74 10.53 .98 80.30 045
c o [ X X J
Spring Wheat 10.4 12.5 2.2 73. 1.9
Vinter Wheat 10.5 11.8 2.1 73.8 1.8

® U.S8. Dept. of Agriculture, Office of Experiment 8tations,

Bulletin 126, p. 13.

*#* North Dakota Agricultural College, Experiment Station,

Bulletin

29 pP. 763 '7640

sseParmers' Bulletin 389, p. 16.
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Gluten is the substance in flour that retains
the cerbon dioxide formed during the fermentation of the
dough, thus making possible a light spongy loaf. It forms
thin elastic walls about the gas dbudbbles, and as these are
expanded by the heat of the oven, the walles become distended
and ere coagulated. It is formed when flour is mixed with
water, by the caombination of two proteins, gliadin and glutenin.

Gliadin is an elastic glue-like substance, sometimes
called a plant gelatin, vhich binds the flour particles
together and gives tenacity and elasticity to the dough. It
mey be extracted from gluten or flour with dilute alcohol.

Glutenin is the substance to which the gliadin
adheres. It prevents the dough from becoﬁing too soft and
sticky. It is soluble in dilute alkali.

Gliadin and glutenin together constitute about
nine-tenths of the protein of the wheat kernel.

Osborne and Vorhees*, who have made an extensive
study of the subject, have found three other proteins in
Iheat; namely:

l. Edestin, & globulin belonging to vegetable vitellins,
soluble in saline solutions. This constitutes fram .6 to .7
percent of the wheat kernel,

2. leucosin, an albumin which coagulates at 52 degrees
and is unlike animal albumin in being precipitated on saturating

its solutions with sodium chloride or megnesium sulphate.

% Jour. of American Chemical Society, 16, pages 524-535,
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3. A proteose, precipitated (after globulin and
aldbumin have been removed) by saturating the solution with
sodium chloride or by adding 20% of sodium chloride and
acidifying with acetic acid.

Qualitiee of a Bread Flour.

Among the essential qualities of a good bread

making flour are strength, color and flavor.

Strength of Flour.

Spring wheat is usually spoken of as a atroﬁg flour,
winter wheat a soft or weak flour. Authorities agree in
_conisdoring strength an important factor in a bread-mgking flour,
but Jjust what constitutes strength has been a matter of wide
discussion, 1t has been defined as the “"water absorbing power"
of & flour. BSince the ability to absorb water depends upon
the gluten present, a high gluten content is often associated
with strength, 8Some investigators say it is not the amount
but the quality of the gluten that is important. Snyder*
maintains it is the ratio of gliadin to glutenin, which should
be in the proportion of 63 : 35, Other inveetigators have found
that flour may have the right proportion of gliadin to gluten
and yet be lacking in baking qualities.

* Xinnesota Experiment Station Bulletin 63,
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T. B, Wood* adopts Humphriee and Bissen's definition
of strength: "The capacity to yield a large well piled loaf"
and mainteins that two factors are involved in it, size and
ghape which he finds are due to different causes. 8Size,s he
says, depends upon the capacity of the flour to give off gas
during fermentation. The amount of gas evolved depends upon
the quantity of sugar contained in the flour together with
that formed in the flour by diastatic action. 8Shape, he finde,
and possidbly gas retention, depend upon the physical properties
of the gluten as modified by the presence of varying proportions
of salts.

Color,

Good bread flours - those with a large proportion
of gluten - are not white but are of a creamy color. 8ince
there was a demand for a flour that would yield a white loaf
of bread, the practice of bleaching flour became common.
According to Ieach**®, in 1908, about eight percent of the flour
produced in the United States was bleached by nitrogen
perpdido, but as aresult of the enforcement of‘redoral law,
the practice has been largely abandoned. Whiteness in flour
nay be due to a low gluten content, age or dbleaching. A

grayish color indicates a poor grade of flour.

* Jour. Agr. Sci. 2, 1907, pp. 131 - 160.
** Teach, Food Inspection and Analysie, p. 315.






Flavor,
A good flour should produce a bread with a sweet
nutty flavor. Winter wheat is said to yield a better flavored
flour than spring wheat and is often blended with it because

of its tenderness and flavor.

Nutritive Value of Bread from Spring and
Winter Wheat Flour.

The question sometimes arises as to the camparative
nutritive value of bread from spring and winter wheat flour.,
Harry Snyder of the Minnesota Agricultural Experiment Station
has made experiments with three different grades of flours -
graham, entire wheat, and patent - from both spring and winter
wheat ., * He finds the patent flour of both varieties of wheat
to be more thordﬁghly digested and to yield a larger proportion
of nutrients than the graham and entire wheat flours, though
the latter are richer in mineral salts and protein. The coarser
particles of the 1atte; two are not so readily acted upon by
the digestive juices, so more is lost in digestion. The
results of his experiments show the digestibility and avail-
ability of energy to be a little higher for winter than for
epring wheat., £ince the calorific value of spring wheat averages
a little higher than that of winter wheat, the nutritive value

of each would probably be about the same. The calories per

*Uy.8. Dept. of Agr., Office of Experiment Stations, Bulletin 126.



gram are given as follows: §Spring Wheat, Straight Patent
Flour 3.861; Winter Wheat, Straight Patent Flour 3.799*.

Digestibility of Nutrients and Availability
of Energy of Bread.

Hard Spring Wheat. (Page 29)

Kind of Food Protein Carbo- Energy
hydrates
White Bread (Standard patent)
Average of 3 88.3 97.7 90.9
Average of 3 (1899«1900) 85.3 97.5 90.1
Average of 6 86.8 97.6 90.5

Soft Winter Wheat. (Page 45).
White Bread (Standard patent)
Michigan Wheat

Average of 3 92.8 98 94,2
Indiana Wheat
Average of 3 88.9 96 90.4

* Page 130
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Yeast.

Yeast is a microscopic unicellular plant bvelonging
to the fungi family which includes those plants that contain
no chlorophyll and that reproduce by buds and spores. Yeasts
are classed as true yeasts, Saccharamyces, including wild
and cultivated, and pseudo yeasts, or false yeasts, Torula
and Mycoderma,*

True yeasts produce fermentation and usually are
able to form endospores., During fermentation some of the
yeasts tend to sink to the bottom while others rise to the
top and form a thick foamy layer on the surface. The former
are called bottom yeasts, the latter, top yeasts. The
cultivated varieties used in brewing and some of those in
producing distilling material are grouped together as
Baccharamyces cerevisiae. They are divided into three groups:
the bottom yeasts, used in making German beer which produce
only a small amount of alcohol; the top yeasts, used in
English beers, which produce more alcohol; and the distillery
yeasts which have great fermentive power and produce large
amounts of alcohol.** Among the wild yeasts are Saccharomyces
minor, the yeast of leaven and Saccharomyces ellipsoidens
and Saccharomyces apiculatus, the wine yeasts. VWild yeasts
are abundant in the air and produce spontaneous fermentation

in various substances., The leaven of the ancients was obtained

* M,A.C., Bacteriology Syllabus, page 70.
*e )ershall, Microbiology, page 31.
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by allowing cdough to ferment spontaneously. The wine yeasts
are found on grapes, These are cultivated and pure cultures
are often used in wine making.

Pegeudo yeasts do not form endospores and produce
little or no fermentation, though they often occur in
fermenting liquors, Those known &s Torula are not considered
hermful, but those classed as Mycoderma, which grow upon the
surface of the liquid, producing there a thick film, cause
wine to become insipid and cloudy, and finally spoil it
completely,

Structure and Reproduction of the True

Yeast, Saccharomyces.

The cells of this yeast are large, round or
slightly oval., The vigorous young cells, when seen under
the microscope, appear nearly transparent. A thin well-defined
cell wall encloeses the cell contents, or protoplasm, which is
slightly granular with one or more small cavities, called
vacuoles, which are filled with cell sap and contain small
granular bodies, These bodiee are probebly waste products.
As the cell grows older, the wall thickens, the protoplasm
becomes less transparent, the size of the vaguoles increases
and the granular bodies become more numerous. Dead cells are
usually opaque and take the stain more readily than living

cells.
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Budding.

When the cell has reached a certain size and is
kept under suitable conditions, a protuberance or bud is
‘aent out from part of its surfaece which gradually increases
in size and becomes separated fram the o0ld cell by a cell
waell, The new cell or daughter cell may or may not remain
attached to the mother cell., If it does so, and the o0ld cell
continues to form budes, a mass of cells is produced. If each
new cell formed produces a bud, a chain of celle will be
formed. The old cell may produce a number of buds, but in
time its reproductive energy is exhausted and tne cell breaks
up.*

Formation of Spores,

"¥hen young, vigorous, well-nourished cells are
supplied with abundant air and moisture at a comparatively
high temperature,under conditions that diescourage budding
(lack of nutrhmenf), they form endospores. These spores are
usually about half the diemeter of the mother cell and from
one to eight or more may occur in each cell" . **

The spores are very resistant and will remain dormant
a long time, but when placed in a nutrient solution will swell
and burst the mother cell, forming new cells which reproduce

by budding.

*Ontario Agricultural College and Experiment Farm, Bulletin 118,
"Yeast and Its Household Use". Williem Jego and
William C, Jago, "The Technology of Bread Making",page 155.

** )Marshall, Microbiology, page 30.
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Conditione Necessary for Growth of Yeast?

In order that the yeast cells grow and induce
fermentation, certain conditions are necessary, namely: proper

temperature, food and maisture.

Temperature -

The optimum temperature for growth is from 25’ to
35° C or 77° to 95° F. Below 25 C growth proceeds slowly,
at 9° C (49.,6° F) growth ceases, tut will begin again under
favorable temperature. Freezing does not kill the cell unless
it be mechanically ruptured or injured. Temperatures above
35° C weaken the action of yeast. At 60' C, the coagulating
temperature of albumen, the cells of moist yeast are destroyed.
Dried cells may be heated to 100° C without destroying their
vitality.

Food -

Yeast requires for its growth sugar, nitrogenous
compounds, and mineral salts., Of these, sugar is by far the
most important. Glucose is the only sugar that is directly
fermented by yea;t. Cane sugar must be changed to glucose
before it can be assimilated. This is effected by the enzyme,
invertase, which is secreted by the yeast cell. Yeast is said
to contain another enzyme, maltose which is capable of changing
maltose to glucose,**

¥ Jago, 158 =165
"Jago ’ 1380
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Experimental work has shownthat the action of yeast
on the proteins of whegqt and barley flour will enable them to
produce diastatic action on starch - that is, change it to
dextrin and maltose - after which it ie fermented by the
yeagt.* Sufficient nitrogen is usually present in the growing
medium, must, wort, potato water, etc. Hard water usually

contains the necessary mineral salte,

Moisture =-

A certain amount of water ie necessary for the growth
and development of yeast. Solutions containing over thirty-
five percent of sugar will not ferment. The housewife makes

use of thie fact in making jellies and preserves,

Action of Yeast.**

¥hen yeast is placed in a nutrient solution, it feeds
upon the sugar present and excretes alcohol and carbon dioxide.
The former remesins in the solution, while the latter rises to
the surface in small bubbles carrying same of the yeast cells
with it which form a foam or scum. This phenomenon is known as
fermentation, the word being derived from the Latin, ferveo,
I boil, end is so called because of the boiling or seething
appearance of the liquid,

o Jago, 1350
**Jago, 145 - 150.
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It is only within the last century that the true
nature of fermentation has been understood, Previoues to this
time, various views were held. One of these regarded fermenta-
tion as a peculiar condition assumed by nitrogenous matter
during the process of decamposition. Another held that it was
due to a vegeto-animal eﬁbstance, called a ferment, which was
found in grapes and grain, and which, when the grapes were
crushed and the grain moistened, produced an astive change.
Scientific researches with the microscope aroused further
discussion, As early as 1680, Antonius van Leeuwenhoek, &
Dutch naturalist and a maker of lenses, digcovered that yeast
consisted of minute granules, Nothing further was learned of
its structure until 1836 when de Latour discovered that it
consisted of a maes of little cells capable of reproduction
by budding. "“Yeast", he said, "must be an organism which,
probably by some effect of its growth, effects decomposition of
sugar into alcohol and carbon dioxide." After much disocussion
yeast was finally ﬁlaced smong the fungi and a new order,
Saccharomyces, created for it.

De laltour's view, however, found many opponents.
Prominent smong them was Liebig, the celebrated German chemist,
who maintained that yeast was a lifeless substance and fermenta-
tion a purely chemical action unassociated with any vital
process. TFor a number of yeare, there were three contending
theories of fgnmentation: de Latour's,or the vital hypothesis;
Liebig's, or the mechanical hypothesis ;and other views based on

catalytic action,
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In 1857, aefter careful and exhesustive research work
on the subject, Pasteur concluded that fermentation is e
“correlative phenamenon of a vital act beginning and ending with
it" and that there is "never any alcoholic fermentation without
there being at the same time, organization, development, and
multiplication of globules, or the continued consecutive life
of globules already formed,"

In 1870, Liebig edmitted that yeast was en organism
but still maintained fermentation was a mechanical act similar
to enzymic action, basing his opinion ;n the fact that the
smount of sugar decomposed was out of all proportion to the
amount assimilated, This led to further discussions and
researches, which resulted in the discovery of zymase by Buchner
in 1897. Thie is an enzyme secreted within the cell, but which
may be extracted from it and convert glucose into alcohol and
C Oy independently of the living organism, It has no reproductive
power and only a fractional part of the fermentive power of
yeast, It is destroyed during fermmentation almost as soon as
formed, #o0 there is no accumulation of zymase in yeast.

According to the zymase theory of fermentation, sugar
enters the interior of the living cell by diffusion and is there
acted upon by the enzyme, invertase, which changes it to glucose;
glucose is then converted into alcohol and carbon dioxide by
the sction of zymase. No clear explanation has been offered for
the fact that the matter consumed during fermentation is so

much greater than the consuming agent. It is suggested, however
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thet it may te because the yeast not only derives nutriment
from the sugar, but aleo the heat necessery for the continuance
of life. Hence, during fermentation, in order to obtain heat
and nourishment, yeast attacks sugar and excretes carbon

dioxide and alcohol as waste products.

Variet ies of Yeast Used in Bread Mzking.

The yeasts used in bread making are compressed, dry
and liquid or brewer's yeast.

Compressed yeast® is fhe product of distilleries where
malt and raw grain are fermented for spirits. Most of it is
made from whiskey wort, some from the worts used in the
manufacture of gin and other distilled liquors. The top yeast,
vhich is the most desirable for bread making, is skimmed off,
washed in cold water, and strained through silk or wire sieves
to remove impurities. It is then pressed in bags in hydraulic
presses, after which it ie cut into cakes, wrapped in tinfoil
and kept in cold storage until distributed for use.

Potato, corn or tapioca starch is often added to
compressed yeast, on the ground that it acts as a drier, increases
the keeping qualities, and produces a cleaner product and one
that is more readily mixed with the other ingredients of the
bread., The quantity added varies fram 5 to 50 percent, the

larger amounts being added to make weight.

®* Food Inspection and Analycie, Ieach, page 328,
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T, J. Bryan* maintaine that the carbon dioxide value
of yeest is reduced by addition of starch, and that the percentage
of reduction ies greater than the percehtage of starch present,
while the keeping qualitiea are less than those of pure yeast.
U. 8. Rulings. Food Inspection Decision, No. 111, Jan.?, 1910.

1. The term.compresscd yeast without qualification
means distiller's yeast without admixture of starch.

2., If starch and distillers yeast be mixed and
compressed, such a product is misbranded if labeled or sold
simply under the name "Compressed Yeast®. Such a mixture
or campound should be 1aﬁeied "Compressed Yeast and Starch",

3. It is unlawful to sell decamposed yeast under
any label.

Compressed yeast does not keep well, so it should
be used fresh, When fresh, it should have a uniform creamy
white ooior. a pleasant odor and should break with a sharp grain.
Dark color and a cheesy odor indicate decomposition, When

it becomes soft, it is unfit for use,

Dry Yeast -

Dry Yesst is a mixture of fresh yeast and starch or
cornmeal. It is molded into & stiff dough and dried either in
the sun or at a moderate tenperature under reduced pressure.
When dry it is cut into cakes and put into packages. 8ince
drying renders the cells torpid and temporarily inert, it acte

more slowly than compressed or brewer's yeast, hence can not bve

*Bulletin 116,p. 25. Bureau of Cemmistry. U.S.Dept. of Agr.
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used for short process bread. This yeast will keep a year
or longer, hence is convenient where compressed yeast can

not be odvtained.

Brewery or Liquid Yeast.

Brewer's yeast is obtained from the fermenting vats
of the breweries, the top fermentation being preferable. The
first yeast that rises contains impurities, so should be
rejected as should aleo that formed during the last period
of fermentation since the yeast cells have been weakened by
growing in an exhausted medium., The best yeast is produced
while fermentation is most active and vigorous.

Liquid yeast is often made in the home, varioue
recipes being used which coneist of mixtures of potato, flour,
potato water or water with a little yeast for a starter. This
should be kept in a cool place to prevent the growth of
bacteria which develop when the yeast cells are not active.
S8ince the food supply becomes exhausted during fermentation,

a little sugar added from time to time will keep the yeast
more vigorous. Better results will be obtained from thie

yeast if it be made frequently.



Experimental Work,

The experimental work was done in the Domestic
Bcienco'Laboratory. An automatic electric sponge oven
which maintained an even temperature of 35 C was used
for raising the dough and a Hughes electric oven for baking
purposes., The dough was mixed with a spatula in the upper
part of a double boiler, the water in the lower part deing
kept at 42 C. The liquid used was heated to 37 C, this
being sufficient to keep the temperature of the dough at
35 C without warming the other ingredients,

The pens used for baking were 6-1/4 x 4-1/4 x
-2w5/8 inches. This size was a little small for the amount
of dough used but was valuadble in showing the strength
of the flour. B8ince the sidea were not high enough to support
the dough when risen to its full height, in unfavorable
conditions, that from weak flour ran over the sides,

The following recipe was used, subject to variation
in different series of experiments,

340 grams flour - 2=3/4 to 3-1/8 cups sifted flour
according to variety.
10 grams lard - 2 tsp.
é grams salt - 1 tsp.
14 grams sugar - 2-1/2 tsp.
10 grams yeast - 3/4 cake compressed.
170 « 205 cc. water according to the flour used. About
200 cc. was used for spring wheat, from 170 to 190 for winter
wheat.

1l cup water = 225 cc.
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The dough was weighed as soon as it was mixed.

The hot loaf was weighed in the pan when taken from the oven.,
The moisture loss is so great at first that unlese the weight
of the loaf be determined at a definite time after each
baking, grave errors result. The loss in fementation and
baking was computed in grams and in percent. To obtain

the volume, the loaf was placed in = bell jar of 3375 cec.
capacity and surrounded with flax seed wvhich was léveled
with the spatula and then run out through a rubber tudbe in
the bottom of the jar into a graduated cylinder of 2000 cc
capacity. The amount of flax seed displaced was measured
and the volume of the loaf obtained by difference. The
ratio of weight to volume was camputed.

The first series of experiments was performed before
the eslectric equipment was purchased. Because of the
difficulty in keeping conditions constant, accurate data
could not be obtained, so results are given in a general way
only. The series was repeated later under more favorable
conditions, The amount of yeast was varied, the other
ingredients remaining constant. The same recipe was used
for both spring and winter wheat flour, one used the previaus
year in Problem Cookery. This called for 340 grams of
flour and 225 cc. of water, the other ingredients in the
proportion cited above. This amount of water made the dough
from winter wheat flour so soft that it was necessary to add

considerable more flour while kneading. A certain amount was
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weighed and the quantity used determined by weighing what

was left. When an equal amount was used with spring wheat,
the dough became too stiff, An unavoidable loss resulted
from the dough's sticking to the kneading board. The genersal
result for both spring and winter wheat was an increase in
volume and a decrease in the time of rising with the increase
in the quantity of yeast used. It was evident that a
different method must ﬁe adopted if satisfactory and accurate

results were to be attained.,

Varying the Amount of Water.,

In order to determine the amount of liquid necessary
to make a dough of desired stiffness for both spring and
winter wheat flour, a series of experiments was performed
in which the amount of water was varied, the other conditions
remaining constant. The same aﬁount of water was used with
both spring and winter wheat flour. This time the method
used in Problem Cookery was followed. The dough was not
kneaded. After doubling its bulk, it was cut down to allow
the gas to escape, then given two risings of one half hour
each, after which it was cut down for the third time and
placed in baking tins. When it had doubled its bdulk, it was
baked forty minutes in the electric oven at 180° to 200° C.
The temperaézre was allowed to rise gradually from 180° to
200° then to fall gradually to 190 or 180°, After eeveral
experiments with different temperatures, this was found to

be best for the oven used. In the gas oven, it was possible
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to use a higher tamperature for part of the baking, dbut since
the electric oven heats and cools slowly, it was found best
to maintain a more nearly uniform temperature. The texture
of the breed was not so fine as when kneaded, but very little
of the dough was loest since it was possible to obtain almost
all of it with a spatula. In some cases, less than five
tenths of a gram was left. In fact, the amount was s0 small
it was disregarded in computing‘renulto.

Pillsbury's Best, a Minnesota spring vwheat flour
and Thoman's Moss Rose, 3 Michigan winter wheat flour were
used for this and the previous series of experiments,

225 cc. of water was used for the first loaves, the emount
being decreased 10 cc. with each succeeding baking until

195 cc. was reached. It was then decreased 5 cc. to 180 cc.,
this amount of liquid being about the minimum for the spring
vheat flour,

With 225 cc. of water, the texture for both spring
and winter wheat was coarse, due, in part, to lack of kneading,
in part, to the soft dough. The loaf from winter wheat flour
ocracked and ran over the side of the pan as shown in
phot ograph 1, while the one from spring wheat held its shapes.

With 215 cc. of water, the loaf from winter wheat
again ran over the sides of the pan. Part of it was lost
in the oven, so the correct weight and volume could not bve

obtained. This accounts for the fall in the curve on the chart.
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The loaf from spring wheat was lighter, of larger volume
and the distribution of gas was more even than that of the
first one baked. 205 cc. of water gave better texture and
an increase in volume for doth spring and winter wheat.

190 cc. gave the best shaped loaf ffun winter wheat
flour. JFor the first time, there was no orack in the crust.
The grain was somewhat coarser than that of the loaf from
spring wheat flour, but otherwise the texture was good.

This received the highest score, 90.

185 coc. gave an increase in volume in bofh ocases,
and a fairly good shaped loaf from winter wheat but the crack
80 characteristic of this variety of flour was again in
evidence.

180 cc. produced loaves somewhat mmaller in volume,
the decrease in the one from spring wheat being greater that
that in the one from winter wheat flour. The loaves were

of fine close texture, but too dry,

Results =

(1) With dbut one or two exceptions, the spring wheat
flour yielded a loaf of larger volume and of better texture
than the winter wheat flour.

Loaf No. 1, spring wheat, was smaller in volume
befause it did not have time to doudble its bulk in the
baking tin.
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(2) Until too stiff a dough was reached, the volume in
both ocases increased with the decrease in amount of liquid,

Loaf No. 2, Winter wheat, is an exception, because
pe;rt of the dough ran out of the pan,

(3) The amount of liquid used made very little
difference in the time of rising, the slight variation deing
due to the condition of the yeast rather than to the consistency
of the dough. With a larger amount of dough, this might
not hold true.

(4) Thise variety of winter wheat flour rose more
quickly than the spring wheat in the first rising but, in most
cases, was a little slower and more irregular in the last.

(5) The ratio of weight to volume tended to increase
with the decrease in liquid. The ratio for spring wheat
was greater than that for winter wheat.

(6) The loss in weight duri.né fermentation and
baking averaged about the same for the two flours, 11.33 %
spring; 11.08 % winter.

(7) As the amount of water was decreased, a finer
closer texture was produced.

(8) 190 cc. of water for Moss Rose and 205 cc. of
water for Pillsbury gave a dough of the desired consistency.
The latter was taken as a standard in determining the amount
to be used with other flours. A dough made fram 30 grams of
Pillsbury's Best would require 18.08 coc. of water or toughly

18 coc. In using a new flour, a dough was first made of
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Pillsbury's flour in this proportion, 30 grams of flour to
18 cc., of water. 30 grams of the new flour was then mixed
with enough water to make a dough of the same consistency.

The amount of water necessary for 340 grams of flour was

determined.
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Xind
of No. Water Yeast
Flour
1 225 10 8
‘ 2 a5 ?
Spring 3 205 .
Wheat 4 195 "
Pillsbury's 5 igo .
Best [ 5 "
7+ 180 .
1 225 10 gm
2 219 )
Winter 3 205 .
Wheat 4 195 .
Moss Rose 5 190 .
6 185 "
?7 180 .

® No. 2 is amitted in the ave
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long Process Bread with Varied Amounts
of Potato.

The U. 8. Department of Agriculture, Bureau of
Chemistry® has been making baking experiments to determine
the value of the use of potato meal with wheat flour in dread
making, the purpose being to reduce the cost. This is used
extensively in Germmany and Austria. In the latter country,
bakers are now required by law to use at least 30 £ of potato
meal in making their dbread. From 25 to 50 ¥ was used in
the experiments at Washington. lLoaves made with fram 25 to
30 % of the meal were most satisfactory. Though coarse in
texture and of a dark color, the bread is said to have an
agreeable and distinoctive flavor, and to retain its moisture
longer than that made fram ordinary wheat flour. In some
of the experiments, the imported "potato flake" was used,
in others, a meal prepared in the laboratories of the
department, Both of these differ from the ordinary potato
meal on the market. The Bureau of Chemistry suggests the use
of cooked potato in place of the potato meal, believing that
tti might serve the same purpose if used in the right
proportion,

In ordér to determine how much cooked potato

might be successfully used in bread making and to compare its

® Article for Sunday Papers of Feb. 14, 1915. Office of
Information, J. 8, Dept. of Agriculture.



-28-

effect upon spring and winter wvheat flour, some experiments
were made in which varied amounts of it were used. A loaf
from each variety of flour was baked without any potato, as
a standard for comparison. Then fifty grams, (half of a
small potato) was added to each loaf. This made about one
‘fourth of a cup of mashed potato. This amount was increased
twenty-five grams with each succeeding baking until one

hundred fifty grams was reached.
Method =

The rccipé used in the previous baking tests
was followed, in most of its ingredients. 3% grams of dry
yeast was substituted for the compressed and the amount of
water was decreased with the increase in potato. The potato
was weighed raw after being pared and washed, Enough for the
two loaves was cooked in two cups of water. When they were
thoroughly done, the water was strained through a sieve,
measured in a graduated cylinder and divided equally., While
boiling hot, half of it was poured over the sugar, shortening
and 4 cup: of spring wheat flour, and the other half over thnv
sugar, shortening and the same amount of winter wheat flour,
Bach mixture was stirred until smooth, The potato was rubbed
through a sieve, weighed, and divided equally, half being
added to each mixture. VWhen the dough had cooled to 35 C,
the yeast, which had been soaking in 30 cc. of luke warm

water, was added,
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This was mixed at noon and allowed to ferment at
room temperature until the next morning, when the salt and
the rest of the flour was stirred in and enough water added
to make a dough of standard stiffness. The amount of water
required decreased with the increase in potato, as stated
above, but not regularly, since the percentage of water
absorbed by the potato while cooking, varied. When the dough
had doubled its dulk, it was thoroughly worked with a spatula,
placed in bdbaking tins and baked when it had again doubled
in volume.

The flour was partially cooked or gelatinized,
because in this condition it is more stimulating to the
yeast than raw flour, while the dry yeast, being slower in
action, requires more stimulation than the compressed or
liquid yeasts. The potato and potato water have also a
stimulating effect upon the yeast - hence by morning, an
active fermentation had set in,

Pillsbury's Best and Lily White were the flours
used in this series. The latter is a softer winter wheat
than Moss Rose. The sponge test showed that 180 cc.of
water was the amount required to make a dough of standard
stiffness. This amount was used in the loaf baked without

the addition of potato. There was such wide variation in
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volume, time of rising, etc. that the experiments were
duplicated and the average recorded. More satisfactory and

uniform results were thus obtained.

Results -

(1) The dread from winter wheat flour was more nearly
like that from spring wheat flour in texture and in volume than
in the baking tests in which no potato or potato water was
used, In one or two cases, loaves of exactly the same volume
were produced. 8ince average results only are recorded, the
table does not show this.

(2) Though the winter wheat flour was a softer flour
than that used in the previous experiments, it yielded loaves
of larger volume due to the potato or potato water.

(3) With both spring and winter wheat flour, the
volume of the loaf increased with the increase in potato up
to the addition of 125 grams. With 150 grams, there was a
decrease in volume.

(4) The ratio of weight to volume showed less variation
in spring wheat than in winter wheat flour. 100 grams of
potatoes produced the highest ratio in both cases, 2.66
for spring, 2.77 for winter, 150 grams the lowest. .
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(5) VWinter wheat flour required a longer period of
fermentation in both the second and third risings than spring
vheat. '

(6) The addition of potato produced a finer silkier
texture in the dread from both spring and winter wheat flour,
BExcellent results were obtained with 100 grams or one-half
cup of mashed potato to a loaf. In no case was a soggy loaf
produced, yet those from the larger quantity, 125 and 150
grams, lacked lightness and the texture was not so good
as when mmaller amounts, 50 to 100 grams, were used.

(7) The addition of potato improved the keeping
quality of the dread.



------
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Varying the Amount of Yeast.

The experiments with varied amounts of yeast were
repeated. Gold Medal and White Poppy were the flours used
for this series. By the sponge test, it was estimated that
200 cc. of water was necessary for Gold Medal Flour and 175
cc. for White Poppy. 1/4 cake of yeast (34 grams) was used
for the first baking and the amount was increased 1/4 cake
in each succeeding dbaking until two cakes were used.

White Poppy is a soft winter wheat flour. The
dough has a tendency to soften during fermentation. Unless
carefully manipulated, it does not yield a good shaped loaf,
S8ince the purpose of this test was merely to determine the
effect of yeast upon the two flours, s simple method of
procedure was adopted. The dough was given but two rieings,
one in the mixing bowl and one in the baking pans. In each
case, it was allowed to doudble its bulk. A so’.ft flour is
supposed to require a shorter period of fermentation than
& hard flour dbut this has not held true in these tests.

Results

(1) Wwith one exception due to poor yeast which
permitted the growth of other organisms, winter wheat flour
required a longer period of fermentation than the spring wheat
flour., Up to one cake of yeast, the total period of
fermentation of winter wheat in sach baking exceeded that of
spring by twenty-five minutes. With more than one cake, the
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difference was not so great. No's 6 and 8 (Winter Wheat),
requdred ten minutes longer, Ko. 5, oix minutes.
(2) Interesting results occurred in No. 7 of dboth

spring and winter wheat. In.these loaves, poor yeast was
used, It had been kept over from the day before and was
slightly discolored. One of the cakes had been opened dut
was again carefully wrapped in tin foil. This wae used with
the winter wheat flour. In twenty minutes, the dough had more
than doubled its dbulk. Its appearance indicated an unususl
fermentation. Ilarge gas bubbles were formed which were worked
out with difficulty. After the dough was placed in the daking
tins, it was ready to bake in fourteen minutes. The loaf
was coarse in texture, unsymmetricel in shape, with a rough
uneven crust as shown in photograph 7. There was no
perceptible difference, however, in flavor. The loaf from
spring wheat flour, baked at the same time, required fifty
minutes in the first rising and thirty-eight in the second,
an increase of twentye-eight minutes over the time required
in the previous dbaking when less yeast was used.

(3) The decrease in the total time of rising was
the same for bo?h spring and winter wheat. The greatest
difference, sixty-five minutes, occurred betwsen the loaves
with one-fourth and one-half of a cake of yeast. With one
half and three fourths of a cake, there was & difference

of twenty-five minutes; with three-fourths of a cake and one



cake, of twenty minutes. Vith more than one cake, greater
irregularities occurred which may be accounted for by the
difference in the condition of the yeast. No's. 5 and 7,
Spring Wheat, with one and a fourth snd one and three-fourths
cakes, required a longer time than those of the previous
baking. The total decrease in the period of fermentation
from one fourth of a cake to two cakes was an hour and ten
minutes for spring wheat and an hour and twenty five minutes
for winter wheat.

(4) The volume tended to increase with the increase
in yeast. The total incresse was greater for spring wheat
than for winter. The former increased 24%, the latter 1l4.4 %.
Nos, 4, 5, and 6 of winter wheat with one, one and & fourth,
and one and a half cakes of yeast were of the same volume.
¥o. 6 and 7 of spring wheat, with one and & half and one
and three fourthe cakes were the same. With the latter, this
was due to the yeast. No. 5 of spring wheat showed a decrease
in volume. This required a little longer to rise than the
preceding loaf, hence the condition of the yeast may account
for this also. VWith the winter wheat, however, there was a
decrease in the period of fermentation in each case, 80 some
other factor must have entered in.

'(5) The ratio of weight to volume tended to increase
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with the increase in the amount of yeast, and was greater
in the spring wheat dread than in the winter wheat bread.
(5) The bresd from spring wheat flour was of
finer texture than that from winter wheat flour. The
increased amount of yeast did not produce a coarser texture,
unless the dough was allowed to become too light.
Photograph 9, shows the effect of too long a fermentation
upon winter wheat flour. The gluten had became softened
t0o such an extent that the loaf could not keep its shape.
The loaf from spring wheat flourA wvhich was given the same
treatment , though coarse in texture retained a eygmetrical

fornm,
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Baking Tests with Liquid Yeast.

ILiquid yeast is subject to so many variations that
it ie difficult to obtain uniform or definite results from
it, as the following teste will show. Its strength and
activity are influenced by teamperature, sge,cleanliness;, etc.
The yeast used in these tests was made after Miss Florence
E, Dudley's recipe®.

14 cups of potato

1l quart water

2 ounces of sugar (4 tablespoons)
¢ cake of yeast.

Boil the potatoes in the water until done. Strain
and add the sugar and, vhen cooled to luke warm, the yeast,
This ehould be ready for use in from two to six hours. The
bread will retain its moisture longer if the potatoesz are
used, but good results may be obtained with potato water only.

Four tests were made., For the first three, the yeast
was made with potato water and'f cup of mashed potato, for
the last, potato water only was used,

The yeast was made in the afternoon and was used the
following morning, by shich time only a few budbbles of gas
were rising and there was no evidence of a more vigorous

action having taken place. 175 cc. of yeast, the amount
of liquid required for White Poppy Flour was used. The dough

seemed t0 require more moisture, so 5 cc. of water was added.

* Plorence E. Dudley. Flour and Yeast in Bread. Jour. of
Hame Econ. Vol, 4, ¥o. 3, p. 255.
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The same amount of yeast and 25 cec. of water was used for
the spring wheat flour, Gold Medal. The dough was given two
risings as in the previocus tests.

The spring wheat dough required an hour and twenty
minutes for dboth risings, wvhile winter wheat required an
hour and forty minutes. The volume of the loaf fram winter
wheat flour was larger than it has been in the previous tests
with short process bread, and was almost equal to that of the
loaf from spring wheat flour. The ratio of weight to volume
exceeded that of the spring wheat loaf. The loaf from winter
wheat had more dbloom to the crust and was a better shape than
usual., In the other bdaking tests, the crust had been poor
in color and character, lacking the bloam of that of the
spring wheat bread. The texture of both was good.

In the next daking, the dough was given three risings.
Innorder that there might be no variation in the yeast, it
was made fresh, started with campressed yeast and used the
next morning as before. By morning, a very vigorous ferment -
ation had taken place, there deing two or three inches of
fosm on top. Notwithstanding the apparent activity of the
yeast, the period of fermentation was very much longer than
in the first test, It was longer for winter wheat than for
spring, five hours and thirteen minutes for the former, three
hours and sixteen minutes for the latter. Xach had been given
the same treatment., Excess of carbon dioxide seems to indicate

exhaustion of the yeast. The volume of the spring wheat loaf
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showed an incease over that of the previous baking, while
that of the winter wheat showed a decrease. The ratio of
weight to volume increased for spring wheat and decreased
for winter wheat. The texture of winter wheat was poor,-
that of spring fair.

Another test was made in which the dough was given
three risings. In order to determine if the cause of the
increase in the time of rising was due to exhausted yeast,
this time, the yeast was made in the morning and ueed after
it had fermented about five hours. As in the previous
test, a very vigorous action was taking place, However,
the dough required a still longer period of fermentation,
five hours and forty-six minutes fér spring wheat, seven
hours and fifteen minutes for winter wheat flour. The
volume of the spring wheat loaf was the same as in the
previous baking, that of the winter wheat was smaller than
before. The ratio of weight to volume decressed in both
ocases. The texture of each was fair,

In the next test, the yeast was made without potato
and used the next day. B8ince the extra rising did not improve
the quality of the dbread, it was omitted., The total period
of fermentation for spring wheat dough was two hours and fortye-
eight minutes, for winter wheat, three hours and thirty-eight
minutes. The volume of each increased. The ratio of weight
to volume was higher for winter wheat than for spring wheat
and exceeded that of the previous tests exceptulkrere potato

was used, There was very little difference in the texture
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of the two loaves, which was the best of the four tests.

Results - |

(1) These experiments confirm the conclusions drawn
from the long process series, that when potato or potato
water is used with winter wheat flour, the bread is more nearly
like that from spring wheat flour in volume and in texture.

(2) The average loss per cent in fermentation and in
baking was less than in the previous tests.

(3) No satisfactory explanation suggests itself for
the increased period of fermentation of the dough from winter
vheat flour in same of these tests.

(4) Bxcess of carbon dioxide seems to indicate
exhaustion of yeast. |

(5) Though liquid yeast yields excellent bread,
its variability in strength and activity makes it difficult

to obtain results in experimental work.
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Temperature Tests.

Some tests were made to determine the inner temperature
of the dough at different times while baking, in order to
learn if spring and winter wheat flour differ in this respect.
Short process bread made with ligquid and with compressed yeast,
and long process bread to which 100 grams of potatoes had been
added, were used for this purpose.

A thermometer was inserted in the middle of each loaf,
the initial temperature recorded and the thermometer read
every fifteen minutes. A gas oven was used for the baking
because the temperature is more easily controlled than that
of the electric oven, and the thermemeter may de read through
the glass without opening the oven door. The bread was baked
forty-five minutes.

In some of the experiments, the initial temperature

of the oven was 180° C. This was allowed to rise gradually
to 190° C during the first fifteen minutes, to 200° C during

the next fifteen minutes, and to 220° C during the last
fifteen minutes. In same of the experiments, the order

at .
was reversed. The bread was placed in the ovcn“220 C and

the temperature allowed to fall gradually to 180" C.

Results -
(1) The temperature of winter wheat dough tended

to rise a little more rapidly in same of the tests than that
of spring wheat dough, dbut the ultimate temperature was the

same. In most cases, this rise was due to the inadbility of
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the dough to support the thermometer, the winter wheat
dough having a tendency to soften during fermentation,
After being placed in the oven, the thermometer fell a
little to one side where the temperature was higher than
in the middle of the loaf.

(2) There was very little change in temperature
the first fifteen minutes, the average rise deing sbout
two degrees.vhen the initial temperature was 180 .

No. la Winter wheat is an exception because of the slipping
of the thermometer. With an initial oven temperature of
220. C, the temperature of short process dread was higher
than that of long process bread at the end of the first
quarter of an hour.

(3) The inner temperature at the end of the half
hour was higher in both long and short process bread, when
the initial oven temperature was 220° s than when it was
180,

(4) The initial temperature of the oven did not
affect the final temperature of the loaf in short process
bread. In long process dbread with potatoes, fhoro was a
rise of 0.5' when the initisl temperature was 220 .

(5) The final temperature of the loaves in which
100 grams of potato was used was lower than that of the
loaves in whioch no potato was used, the former deing 95 °
and 95.5 °. the latter 980. This suggests a longer baking
for loaves in which much potato is used.
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Inner Temperature Tests.

Tnitial Tenperature Temperature Temperature

temperature at end of at end of at end of

Flour No. Yeast o of ist. 15 min. 2nd.15 min. last 15 min
. ou - . ° [ 4 o ® ®

Gentgzradc 180 - 190 C. 190 - 200 C, 200-220 C
'1“03' ® ® . L4
Wheat la Compressed 31 42,5 88.5 98
SPrinc . ° ° 4
Wheat 1b " 32 34 87 98
VWinter . ° ° .
Vheat 2a Liquid 31 33 65.5 98
sprin‘ | o ° . . °
Yheat 2 . 31 33 61 98
V¥inter . . ° .
Wheat 3a Dry with 31 33 67 95

100 gms.

Spring ° o ° N
Yheat 3b Potato 31.5 34 66 95

220 200°- 190 190 - 180

Winter R . ° 0
Wheat 4a Compressed 32 62 93 98
Spring o . ° °
Wheat 4b . 33 46 93 98
Winter  Dry with ) o .
Yheat 5a 100 gms. 30 32,5 84 ° 95.5
Spring . . ¢ °

Wheat 5b Potato 30 32 77.5 95.5
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Tesfs for Loss in Moisture.

Some tests were made to determine and compare
the moisture loss in bread from spring and winter wheat
flour made with the different yeasts. Two loaves of dread
from both spring and winter wheat were made with compressed
yeast. In the first baking, 200 cc. of water was used with
apr;ng wheat flour, 175 cc. with winter wheat flour;
in the other,the water was increased 15 e¢c in each., The
long process bread with dry yeast contained 100 grams
of potato.

The compressed yeast loaves with 200 cc. and 175
cc. of water, as noted adove, and the long process loaves
were kept eleven days and were weighed every two or three
days. The compressed yeast loaves with the larger amount
of water and the ;1quid yeast loaves were kept nine days
and weighed every day. In order to make a fair comparison,
the total loss in weight in grams and in percent was determined
for each loaf at the end of six day§. In the loaves with
campressed yeast baked April 19th, the sixth day fell on
Sunday, so the average from the twenty-fourth to the twenty-
sixth was taken, The total loss for the entire period was
computed for each loaf.

Results «

(1) The loss percent in weight at the end of six

days, with one unaccountable exception in the ocase of bread
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from liquid yeast, was greater for spring wheat than for
winter wheat bread.

(2) Of the two bakings with compressed yeast, the
lose percent in weight was the ssme for spring wheat, 6.97%,
while for winter wheat, the loaf containing the greater amount
of water showed the greater loss, 6.40 %, the other being 5.37%.
At the end of nine days, the loss for both spring and winter
wheat was greater in the loaves containing more water, than
in those with a less amount at the end of eleven days.

Spring 8.86 % and 8,81 ¥; winter 8.13 ¥ and 6.52 % .

(3) At the end of six days, the long process bread
with potato showed a lower loss percent in spring wheat dbread
and & greater loss percent in winter wheat bread than in that
with compressed yeast in which the dough was of the same
consistency. (200 cc.of water for spring, 175 cc. for winter
wheat flour), This seems inconsistent with the other results,
hence may be due to error in the original weight of the loaf
of winter wheat with compressed yeast.

(4) The bread made with liquid yeast showed a lower
loses percent for spring wheat than for winter at the end of
six days, 3.52% spring, 3.65 % winter., At the end of nine
days, however, the loss percent for spring wheat exceeded
thet for winter. 8pring 5.06 %, winter 4.92 ¥. These
percentages may be due to experimental error. The loss
percent with liquid yeast was less than with compressed and

dry. The loss during baking and fermentation was also less,
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(5) The greater lose in moisture in spring wheat
bread may be due to the fact that it contains more

moisture than winter wheat bread, hence has more to lose,

also that it is of largervolume, hence has a larger

evaporating surface.
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Comparison of Sponge and Straight Dough Method.

In one test, a sponge was made instead of a straight
dough. One half of the flour was mixed with the other
ingredients and the sponge allowed to rise until light,
This required about 40 minutes. The rest of the flour
was then thoroughly mixed in and the dough placed in the
baking tins. In 55 minutes, both loaves had doubled in
volume, and were ready to bake. The texture of each was
good and very similar. The volume was greater for spring
than for winter wheat and the ratio of weight to volume
higher; the volume for spring wheat being 1400 c¢cc., for
winter 1250 cc.; the ratio for the former 2.74, for the
latter 2.53.

These results were compared with those made of dread
from a straight dough in which the same amount of yeast,

10 grams, was used. The volume of the loaves from both
spring and winter wheat increased 25 cc. The ratio of weight
to volume inoreased in each case. The vlou percent in
fermentation and baking was almost the same in the winter
wheat loaves, there being but 0.02 % difference. The loss

in spring wheat was 0.32 £ higher in the loaf made fram the
sp o.nge. .

The total peried of fermentation for spring wheat
was 1 hour 25 minutes for the straight dough and 1 hour 35
minutes for the sponge. The sponge was probadbly allowed a
longer time than was necessary in the first rising. The total
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period of fermentation for winter wheat was 1 hour 50 minutes

in the straight dough and 1 hour and 35 minutes in the

sponge.

From this one test, which does not afford sufficient

data from which to draw conclusions, the period of

fermentation for winter wheat seemed to be shortened when

a sponge was made and the quality of the dread improved.

With spring wheat, equally good results were obtained fram
a straight dough.

Table 9.
Comparison of Bread Made with a Sponge and with
& Straight Dough.

Flour Kind Veight Weight Ratio Loss in Time of
of of of Volume of fermenta- rising
Dough dough Hot Loaf Weight tion and Score
aus. 2ns . to Vol., baking lst 2nd
08,

Spring Sponge 566.9 510.2 1400 2.74 56.7 10.0 89 40 min.5%min.
* Straights72.1 516.7 1379 2.66 55.4 9.68 872 50 * 35 %

Winter Sponge 540.6 492,2 1250 2.53 48.4 8.9589 40 * 55 *
* gStraight546.5 497.7 1225 2.46 48.8 8.93 82 xnr, 50 °



Varying the Number of Risings.

A fow tests were made in which the bread was given
two, three and four risings and the results compared.
Accurate data was not obtained so general results 6n1y
will be given. Lack of time prevented the repetition of
the experiments. The volume of winter wheat bread increased
with the increase in the number of risings. VWith the four
risings, however, the texture was not so 3004 a8 with two
or three. The volume of spring wheat increased with the
third rising, but decreased with the fourth, In the latter
case, it did not have time to doudble its bulk.

8coring or Judging Bread.

In scoring the dbread, Mise Bevier's score card

was used®,

Revised Score Card of Miss Bevier.

General appearance 20
B8ize 5;

Shapc
10)

color
Character
Depth
Flavor 35
Odor
Taste
lightness 15
Crumd 30
Character (20)
Coarse - fine
Tough - tender Texture

Moist - dry
Blastic or not
orain ( ) (5)
Grain (Distribution of gas
Total 100

*University of Illinois Bulletin No. 25, p. 41l.
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General appearance is placed first not bdecause
it is considered most important dut decause it gives the
first impression.

Flavor is given under two heads because sourness
may often be detected by the odor before it is detected dy
taste. Bread should have a sweet nutty flavor similar to
the wheat grain.

Lightness consists of many elements, relation
of weight to volume, size, presence or sbsence of holes,

crumbliness, etc.

Brands of Plour Used,

The flours used in these experiments were
selected because they were available. The purpose was not
to test one flour against another but to work with such
as were typical of spring and winter wheat.

Method for Winter Wheat Flour.

Vhen the experimental work with spring and winter
vheat flour was completed, recipes for long and short process
bread were worked out from the data obtained, in quantities
sufficient for a family baking. Bread from soft winter wheat
flour has a tendency to crack while baking. This is due
to the softening of the gluten, which may be caused dy too
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soft a dough, too long a period of femmentation, or by allowing
the dough to became too light.

The consistency of dough which gave the best results
was that which could be worked without sticking to the hands,
or which could be kneaded with dbut a slight sprinkling of
flour on the kneading board.

Good results were obtained from dough which had
doubled its bulk in both risigygs, dbut when over light, a
poor shaped loaf with poor texture was produced. To avoid
over lightness, it is well t0 bake the loaf before it has
quite doubled its volume. If, by chance, it has become too
light, it should be baked at a higher tamperature, or kneaded
and allowed to rise again, .

S8ince & long period of fermentation softens the
glutin, short process bread is better for winter wheat flour
than the long process. However, the availability of the dry
yeast often makes it desirable to use the letter method.
After repeated experiments with varied amounts of flour in
the sponge, it was found that that which contained a small
smount of gelatinized flour gave the best results. Some of
the soft wheat flours yield a crust of a dull gray color.

If milk be used as a part of the liquid, the crust will have
& bloom equal to that of spring wheat flour., The effect
of potato or potato water upon winter wheat flour has already

been mentioned,
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Recipe for long Process Bread,

1l pint of potato water

1 pint of milk

3 quarts of flour (?) (Measured before sifting)
2 tablespoons of sugar

2 tablespoons of shortening

1l tablespoon of salt

1l ocake of dry yeast.

Soak the yeast in enough luke warm water to cover
it. Make a batter with the potato water and 1 cup of flour.
A more active fermentation will set in if the potato water
be mixed with the flour while boiling hot. Add the sugar,
and when cooled to luke warm, the yeast. A cup of mashed
potatoes will improve the texture and the keeping quality of
the dread. This may be mixed in the afternoon. In the
morning, add the milk which has been scalded and cooled to
luke warm, the salt, shortening and the rest of the fleur.
The amouyt required will vary with different flours. Mix
in enocugh to make a dough that can be kneaded with dut a
slight sprinkling of flour on the kneading doard. Knead
until the flour is well worked in., 8et in a warm place to
rise until elmost doudbled in volume. This should require
fram one to two hours., When light, knead until smooth and
velvety and mold into loaves. Bake in a moderate oven when

the loaves have almost doutiled in volumse,
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Recipe for Short Process Bread.

1l pint potato water

1l pint of milk

3 quarts (?) of flour (Measured before sifting)

2 tablespoons of sugar

2 tablespoons of shortening

1l tablespoon of salt

1l cake compressed yeast.

Soak the yeast with 1 teaspoon of sugar in enough

luke warm water to cover it. 8Scald the milk. Place the
rest of the sugar, the salt, and the shortening in the mixing
bowl and pour the scalded milk and potato water over them.
When cooled to luke warm, add the yeast and a pint and a half
of flour. 8et to rise in a warm place for a half or three
quarters of an hour, then add enough flour to make & dough
that fan be kneaded with a slight sprinkling of flour on the
kneading board, and proceed as for long processe bread., Mashed

potato will improve the quality of the dread.

The following recipe for dry hop yeast may be of

interest.
Dry Hop Yeast Recipe.

Take 3 quarts of dry hops, cover with water, and
boil 1/2 hour. This should make 1 pint of liquid. Make up
& sponge using 1 cup of flour, scalding it with the bdoiling
hop water. Add 1 teaspobn of ginger, 2 tablespoons of sugsar,
and when cool, add 1 cake of dry yeast. Allow this to
ferment about 6 hours or until very light and fosmy. Add cornmeal
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until stiff enough to méld in cakes and place in a dry even
temperature until thoroughly 4ry. This yeast will then keep

as well as the commercial dry.Yyeast.

Sunmary.

l. As the result of seven tests, several of which
were duplicated, s decrease in the amount of :I.iqu:ld' produced.-
an increase in the volume of the loaf.*

2. A deorease in the amount of liquid produces
a finer closer texture in the loaves from both spring and
winter wheat,

3¢ A given weight of spring wheat flour will absord
more water thin an equal weight of winter wheat flour. When
made fram dough pf the same stiffness with the same amount of
yeast, spring wheat will usually produce a loaf of larger
volume than winter wheat.

4., The use of potato or potato water in winter
wheat bread is recommended since it produces a loaf that
more nearly equals that of aspring wheat bread in texture and

in volume.

® This is contrary to the result obtained at the Kansas
Experiment Station, Kansas State Agricultural College,
Experiment Station Bulletin 177, p. 91.
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5« Bread in which a large amount of potato is used
should be baked longer than ordinary bread as showmn py
temperature tests,

6. The moilturi loss in bdread depends largely
upon the amount of liquid used. In these experiments, the
bread in which potato was used,retained its moisture longer
than bread from dry or compressed yeast without potato, while
that from liquid yeast showed the least loss in moisture.

7. There is no difference in the ultimate temperature
of spring and winter wheat bread when daking conditions are
the same. The initial temperature of the oven usually makes
.no difference in the final inner temperature of the loaf if
the time of baking is the same.

8. 1Increasing the amount of yeaat increases the
volume of.tho loaf and decreases the period of fermentation
of both spring and winter wheat dbread. Unless the dough
becames over light a larger amount of yeast will not produce
a coarser texture.

9. '1nter wheat bread should never become over light.

10. Too soft a dough will soften the gluten of winter
vheat and produce an ill-shaped loaf of poor texture,

11.Jago says “Soft flours tend to hasten fermentation".*

® William .‘raig end William C., Jago. Technology of Bread Making,
Pe 0.
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Miss Jensen found "the total time required to make
8 loﬁr of winter wheat bdread less than that necessary to m}co
a loaf of bread from spring wheat flour", * In most of these
experiments, however, winter wheat required a longer period
of fermentation than spring wheat as shown in tables 4 to 6.
In all the tests the two loaves were made at the same time and
under the ssme conditions.

§&. B8hort process dread is better for winter wheat
than long process bread. The longer period of .fermentation
tends to soften the gluten. If the latter method Ve used, the
sponge should be made with as little flour as possible.
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