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Abstract:

A study of the possibilities of using barley flour as a substitute for wheat flour was made in the Home
Economics Department of Montana State College. A comparison of the physical and chemical
characteristics and the baking quality of barley flours, wheat flours and mixtures of barley and wheat
flour was made.

The starch and proteins of barley and wheat flour behave differently. The starch of barley flour has less
thickening capacity and less water absorption than wheat. The protein has less gluten-like strength.
Baked products which are dependent on gluten-like strength are made less successfully from barley
flour than from wheat flour. Appearance and flavor are usually affected by the addition of barley flour.
Methods using little manipulation are more successful with barley than those which require extensive
mixing.
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- ABSTRACT

- A study of the‘possibilities of usihg'barley fléur as'a substitute
for wheat flour.was made in. the Home Economics Depaf;ﬁént of ﬁontana
State College. A comparison of)the physical and Qhémical characteristics
and the baking quality of b?riey flours, wheat flourg and mixtures of
barley and wheatlflour was made. o

The starch and proteins ;f barléy and wheat flour-behave differently.

. The starch of barley fléur has léss thickening capgéify and less water
" . absorption than-whegt. The protein has less glu;énnlike étrength. Baked-
products which are dependent on gluten-iike strengtﬁ are made less |
successfully from barley‘flour éhan from.wheat'flour..'~ Appearance and
flavor are usually affected bf the addition of bariéy flour. Methods
using little manipulation afe more succeséful with bérley than those

which require extensive mixing.




INTRODUCTION "AND LITERATURE‘REViEW

The élimate and soii composition of'Montaﬁa aré well suited to the
raising of barley. Barley grows well where £he soil is not too sandy and
is well drained (22). It will also grow well on alkaline soil, beqaqse it
is the most salt tolerant of the cereals (11). The cool, dry summers of
Montana favor'barley growth;. The best conditi;ns for barley production
include average temperatures of..70°'F° or 1e§s, precipitation less than
35 inches and relative humidity less than 50% (11). Some varieties of
barley mature earlier than othér cereal crops (11). This makes it possible
:to harvest a mature crop where the growing season is fairly short.

Ever since ﬁan has raised cereai gr;inslhe has used the crushed or
ground seeds of various grains in baked products and in other foods.
Barley culture began-with,the earliest traces of agéiculture, énd barley
was used for making bread, porri&gé aﬁd beer (21). Barley, aé a food, is
meﬂtiéned sevefal times in the Bible. Moses and thg Israelites ate barley
bread, Ruth gleaned in the bafley fiel&s, and Jesus fed the multitued
barley 1oave§. Until the 15th century barley was important in Europé for
bread making. In mofe recent times it has'been réplaced by Wheét aﬁd rye,
because these cereals have superior baking qualities (16).

Barley was used in bread making in the United States during World War
"I. At that time wheat was being conserved and othef cereals were used in
bread making to extend the wheat supply. In Germany (16) and France (15)
bérley flour was used during World War I and in the years following World
War II for much the same reason as it had been used‘in the United States.

Bafley was brought to this country from England when the American? ;

)

" colonies were first settled. It was introduced on the west coast when
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California was settled. Gradually barley production moved inland froﬁ
5oth the east and west and eventually the North Central Region became the
most important barley producing éfea (21). 1In 1963 North Dakota, Montana
and California led in barley production in the United Sﬁates.

~Bar1ey ranks fourth in impoftance of the cereal crops in'thé United
Stétes (11). Over half.the bérley produced is used for animal feed, and
it compares favorably with corn in énimal weight gain. Thérefore, the
'nutritive value appears similar (22), Bar%ey is a favorable substitufe
for corn in cattle feedihg, Because barley grows under conditions which
do not favor corn production. Barley is also used for malt, and a.small
amouﬁt is used for human food. 'Of the barley products, pét and pearl
‘ barley rank first in humaﬁ consumption. Small quantities are used ag
barley flour and in baby food (11).

Bérley flour possesses some disédvantages.which make it less desirable
.forlbaked products than wheat. The barley protein, Hordein, is inferior in .
its ability to form dough. The high ash and raw fiber content, character-
istic of barley flour, is due to the high hull portien in the flour. The
hull containé tannic acid which gives the flour a bitter taste. Breads
made from barley flous are crumbly. They stale quickly and give a smaller
loaf volume (16). |

Haflan states that barley flour can be ﬁixed up to 20% with wheat
flour without detriment to the quality of the lsaf of bread. Up to 80%
barley flour can be incofporated into bread when baking powder is used.

However, addition of barley fiour darkens the coler of the loaf and alters

the flavor somewhat (7).
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In a German report ﬁrepared by Pelshenke (16), it islfeported that

breads of acceptable quality can be made if the amount of barley flou# is

below 30%. The following sﬁggestions, given by Pelshenke, will produce a

bread of the best quality when using 30% or less barley flour in bread

-making:

1. The dough should be as firm as possible.
2. The dough should rise quickl&: the faster the‘rise, the
larger the ioaf. |
3. The risen loaves should be held ;n a mois; atmosphere prior to
baking so‘as to avoid ci‘ac}ci‘.ng.1 |
4, The'barléy flour is sensitive to‘fermentationlénd'the dough
must be punched firmly. |
5. The oven tempefature should be high. It is especially advan-
tageous to have the tempé;atﬁre high in the early part of the
baking process.,
Sour doﬁgh breads made from barley flour are quite satisfactory. A
higher proportion of bariey flour can be used in a sour dough bread than
in a yeast bread (16).

Barley flour compares quite favorably, nutritiomally, with wheat .

_flour. Mc Elroy compared the essential amino acids im the two cereals.

Lysine is slightly higher in barley than in wheat, 3.2% in barley and 2.2%
in wheat. This increase in lysine is importamt, but barley is still com-

sidered a relatively poor source of lysine. Threonine and valine are also

slightly higher in barley than in wheat (12)-

Davis, éf”gl) (2) compared the two cereals as to the relative value
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of some of the B vitamins. The mean scores reported by Davis, et al. for

seven barley varieties and five wheat varieties are shown in Table I.

Table I. B vitamin values found in unmalted grain.
(A1l values are expressed as micrograms per gram dry matter.)

Vitamin Barley ' Wheat
Thiamin ' 5.59 5.63
Riboflavin . . 1.02 .91
Niacin 86.3 : 58.3
Pantothentic Acid : 4.5 . 7.9

Glick found a higher choline content in'barley than in oats, flax or

wheat, but not as high as in soybeans (6). From these limited examples it

1
H

would seem that bérley can be substituted for wheat with little change in
the nutritive vglue of the pr;&uct.

Tests which .are ordinarily employed for evaluation of physical and
chemical characteristics.of wheat flouf were not designed with barley flour
in mind. It is reasonéble to believe fhat.their application in predicting
the baking quality of barley flour might be limited. The tests in question
are the fafinograph, sedimentation test and Kjeldahi determination.

The farinograph, invented in Europe by C. W. Brabender, was intro-
duced into the United States in the 1930's as a visual or graphic compari-
son of the mixing properties of flour. The farinograph is a viscometer
whi;h blends and develops the dough. It measures mixing time, general

strength and absorption of water. The farinograph curve indicates two
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properties of flour: (1) the absorption or the amount of water required
for a dough to reach a definite consistency and (2) a general profile of
the mixing Eehavior o£ the dough. A flour of higher absorptibn, longer
peak timé and longer stability is a stronger, more tolerant flourvthat
requires more mixing time and stands ﬁore mechanical abuse (8).

The sedimentation fest was developed by Lawrence Zeleney. .The prinéi-
ple of this test is that cereal gluten imbibes water and swells in the
presence of dilute lactic acid. The amount of swelling varies with the
quality of the gluten. The sedimentation valuelreflects ﬁroteiﬁ content
and gluten quality (24).

The value of the sedimentation test is controversial. ' Zeleney. (23)
points out that thé.test was designed to be a simple, rapid method of
detefmining potential baking quality of wheét. Durham (4) supports Zeleney
in his report. He states that repeatablé results can be obtained iﬂ grain
grading laboratories without highly trained chemists and elaborate eéuip-
ment. The ease and simplicity of this test is important because grading
can be done locally. Time and money can thus be saved.

Mattern (1) and Schesinger (17) do not agree with Zeleney. They point
out that sedimentatiom values are correlated with loaf volﬁme only in a
general way, and tﬁey believe that some of the other tests have equal value
in determining quality of wheat.

The determination of moisture of flour By drying gives results that
are dependent on the details of the method used. This is because fats and
water, which are chemically bound in the grain, are driven off at high

temperatures. If lower temperatures are used, enzymatic reactions may
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occur, and some of the free water is bound in the grain. If standardized
procedures are used, thé résults obtained can be used as aumeans for com-
paring the moisture content of grains (1).

The Kjeldahl test is a test for nitrogen. Actual determination of
protein is based on the amount of nitrogen in the sample. The émount of
nitrogen times a factor of 6.25 gives the amount of crude protein present,
because barley protein contains 16% nitrogen.

The practice of paying a highgr price for a relatively high protlein
wheat is related to the fact that baking quality is dependent on a desir-
able proportion of protein, In wheat, the gluten prbducing préteins.con-'
stitute 70 - 80% of the total protein. No information was féupd as to the
amount of gluten-ﬁroducing protein in barley. Neill says, "6f all the
tests for quality, the amount of protein from the Kjeldahl test is still
the siﬁpléét and best single indicator of Whea£ and Flour quality" (14).

Ash-detgrmination is largely a.mineral evaluation. Thérefore, com-
parison of ash values is a comparison of the total mineral content.’ The
minerals are concentrated maiqu in the bran of ééreals. Tﬁé bran coat

accounts for 20 -"25, and the germ 10 - 15, times as much ash as does the

endosperm (9). The total mineral content of barley and wheat is very

‘similar (13). The diffefence in ash of wheat and barley flours can be used

as a criteria for the degree of separatiom of the braﬁ and germ from the
endosperm. The total ash of wheat on the average is 1.86%. The maximuﬁ
limit for ash‘of wheat flour is set at 1/20th fhe protein plus .35 (9).
No figurés of the average or maximum ;sh of barle& flour were found.

Starch accounts for about two thirds of the dry weight of barley. It
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is composed-of amylose and amylopectin. Starch granules from different
sources are of varying sizes and shapes and behéve differently when ﬁgde
into pastes (9). Starches which have more amylopectin ;re more viscous
(1). Goering, et al. (5) state that Compana barley contains 19 - 23%
émylose. According to Lowe (9), wheat‘éontains 21 - 24% amylose. Conse-
quently, there seems to be little difference in the amylose or amylopectin
of the two stérches. Lowe (9) does say that starches that have the same
proportion of amylose and amyloﬁectin may behave differently because of
the variation with the fractions.

The purpose of this investigation was first to study some of the phys-
ical and chemical charaéteristics of Barley flour and secoﬁd to find uses
for barley flour ih baked pfoducts, either as an entire or as a partial
substitute for wheat’fldur. Inquiries. are often received from people who
are allergic to wheat and who wish to knqw how to prepare baked products
from other cereals., Since barley is an importaﬁt Montana cfop, the finding
of new uses for barley flour would be beneficial to the economy of the
}state. ‘Barley baked products would provide variety in fémily meals,

Barley glours, milied in Conrad, Montana, were furnished by Dr.
Kenneth Goering, Professor of qhemistry, Montanafétate Coilege. Flours
from two different millings we?é available. They were milled in Ehe spring
of 1563 and the winter of 1964. Flour milled in tﬁe spring of 1963 was
used for the eipérimental baking becaﬁse it was known to be from Compana
barléy, the most ﬁidely grown barley variety in Montana. There was some
doubt as to the variety of the barley milled in the winter of 1564.

A commercial barley flour, Cell-U brand, was provided by a friend who
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‘ puféhéSEd it iﬁ a health store in Chicago, Illinois. All-<purpose wheat
flour was used ‘a5 the standard for compafison. All results reported in
this stﬁd& were obtained using the 1963 Compana barley flour milled in
Conrad, unless otherwise stated. '
Six hypotheseé were formulated to guide the difectiop of the experi-
mental woric:
1. Barley is a Montana product. A new use for barléy would be

beneficial to the economy of the state.

‘2. Barley“flour products will introduce variety into.family meéISf

3. Barley flour can be substituted for wheat flour in some baked
products. .

4. A bértial substitution of barley flour for whéat flour can be
made in products which are dependent.on gluten for strength and
structure. | » |

5. Acceptable baked products can be prepared with barley flour
fér use in wheat-free diets for allergy.

6. Some of the tests used to determine the quéiiéy of wheat flour
can be used on barley floﬁr. |

To test these hypotheses a means was necessary for judging the general

acceptability of the prepared food products. According to Lowe (9), the
organoleptic panel is the best method as yet avaiiable for judging the
palatability of a‘food. This typé of panel was used in the present study.

The method of smelling and tasting uséd by panel members is related

to the reliability of the results.“ The pagelist should inhale two to.

three seconds, with both nostrils open (9). Odors are perceived in the
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upper nasal cavity, making it necessary to sniff ot inhale, and are best
detected when the air is moist and warm. Tasting, slowly, is done after
smelling. After ome saﬁple has been taé#ed, tepid water can be taken to
aid in the removal of tastes before another sample.is evaluated. Tastes
maylbe enhanced or deﬁressed‘by the presence of other_tastes. 'Flavor is
defined as the over-all sensations obtained by odor,-taéte and touch of

the tongue. Acceptance or rejection of the products is based largely on
the stimulus of the sense organs. These are classified as sight; odor,
taste, and flavor. 'The'sight or appearance of.tﬁe product may be affected -
by attractive coloring or discoloration. The shape, size and éurface also
affect the‘appearance to the observer (9). |

Reliability of the judging of palatability b& a taste panelvmémber is

" .dependent on tﬁe individuals of the group. Methods are natﬁrally frought
~with error, for each pgfson,tastes thinés differeﬁtly. PrecautionS'must

be taken in the selection and indoctrination of the panel member so that
the minimum amount of error will enter into the ﬁésults. Taste panel
members should be healthy and cooperative. Lowe lists charactefistics of
panél members .as: Sensitivity, iﬁtegrity; ability to .concentrate, intel-
lectual curiosity éhd willingness to spen&‘tiﬁe 9). ‘Usually it is best o
to use the same panelists throughout the ekpériment. Lowe statés that
four is fhé minimum number qf-panel'membefs, but she aiso mentions that
there are others who think eight -to ten members are better (9). ‘DaWSon
says three to ten'ﬁembers is usually adequate (3); In this gxpefiment
four panel members were used._ Three were f;culty membefs in the Home

Economics department and one was a senior student in Foods and Wutrition
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-at Montana State College. All members had had considerable previous exper-
ience on taste panels and cdnscientiéusly carried out their duties.

The bread, muffins and pastry crust wére evaluated for appearance, .
fexture, moistness,‘flavor and odor. Appearance in this case referred to
outside appearance. When compiling the final results of the test, the
word, appearance, is used to include the composite scores.of outside
appearance, the texture and moistpess, because it waé felt that this would
summarize .the entire appeafance of the product.. The flavor and odor values
were averaged in the final compilation and called flavor. More accufafely,
the term, taste, should have been used'on the score sheef, for as Loﬁé
states, flavor is the combination of taste and odor (9).

Cookies were evaluated for the same characteristics as thé other pro-
ducts with thetaddition of tenderness. When compiling the scores for
cookies, tenderness scores were averaged in with the flavor énd odor scores
because these charécteristics were all diséerned by the flavor sénses._ In
addition to evaluation of the characteristics of eagh product, comments
were also sought.

Numerica¥ scores from 0 to 10 were used in evaiuating the character-
istics of the proéucts in this investigation.. In usinélnumerical scores,
the number of gradations used is important. The scoring scale should not
have an excess, or too few, gradations. The trend at present is fo use 9,
10 or 11 g;adations 9.

The instruction sheet used in this experiment listed the numerical

values to be used and a descriptive term for each value as taken from

Lowe (9):
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perfect (fancy)

- excellert

very good
good |
slightly good
average

fair
borderline
bad

very bad

inedible

-11-
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF BARLEY FLOUR

Moisture Determinations

Moistﬁ;e determinatiqns of the bariey‘flours, the all-purpose flour,
and mixtures of bérley and all-pufpose flour were made in the Cereal
Qualify Laborato?y at Montana State College. The percentage of moisture
was determined by dividing the difference inlflour weight after drying
and flour weight before drying by the weight of the undryed flour. Drying
was done by placing the flour in a drying oven at 130° ¢. for 30 minutes.

The amount of moisture in a flour affgcts the results of seyeral of
the chemicél and physical tests. Ash, Kjeldahl, éedimgntatibn, and
Farinogfaph Yesults were corrected to the 14% moisture level. This is a
standard procedure which is used in wheat testing so that results are.
uniform throughout the world. |

All flours used in this experiment contained approximately 11% moist~

ure (Table II). This is about average for Montana flours.

Ash Determination
| Ash determinations were made in_thé Cereal Quality Laboré£ory,
Montana State'College. The three barley fiours were testéd. Five gram
samples were placed in ashing dishes and put into a# electric muffle fur-
nace and inéinérated overnighi. The saﬁples were cooled in a dessicator
and weighed éoon after room temperaturelwas aftained._ Results, corrected
to‘the 14% moisture level, aré given in Table III.

The total ash content of whole wheat kernels and whole barley kermels
are very similar. Shaffer (18) giveé mineéral content of Parley as 3.1%

and wheat as 3.02%. Yet the.ash pef&entage in the barley flour tested
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Table II. . Percentage of moisture in-barley flours, ail-purpose flour
and mixtures of barley and all-purpose flour.

Type of Flour : Moisture
: 2=t e
Barley flour

Conrad Plant, Spring, 1963 10.7

Conrad Plant, Winter, 1964 . 1i.0

Cell-U Brand 1.1
75% Bérley fIqur, 25% Wheat fléﬁr '10.8
50% Barley flour, 50% Wheat flour | 10.8 -
All—Purpose.flour 11.0

Table III, Percéntage of ash in three different barley. flours.

| Type of Flour ” : ' . Ash
T %
Cénrad'Plant, Spring, 1963 1.07
Conrad Piqnt, Winter,'1964' o 1.18
Cell-U Brand 1.48

(Table III) is much greater than the values of 0.39% to 0.42% reported

for wheat flours'(9). The greater percentage of ash in barley flours

could be due to a less complete separation of the bran . and germ from the
. 1 N ,

endosperm in barley. This has been described as a common situation when

barley flours have been used in Germany (16). The Cell-U brand barley
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flour was the highest in ash content of the barley flours tested (Table
III). Tbis flour appeared coarse and less finely milled than the two
barley'flours milled at Conrad. The a?erage weight per cup‘of the Cell~U
brand flour was also higher than weight per cup of other flours.
Since‘barley bran contains tannic acid (16), the high bfan content

of barley flours may account for the bitter flavor sometimes found in

barley prbducts.

Kjeldahl Tests for Determinétion of Protein

" The Kjeldahl determinations were madg by peréonnel in the Grain
Inspectioﬁ Laboratory, Montana étate College. The Gunning Method (14),
with slight modifications, was used. Copper sulfate was used’ as the
catalyst rather than mercury. A slightly longer time is needed for com-
plete digestion with this catalyst/ The indicator used was 3/4 methyl red
and i/é methylene blue, because the operators felt that by using the mix-
ture it was easier to determiné_fhe end péint than if meth&l red was used
alone. | |

The barley flours all had a higher percéntage of pfotein than the
wheéttflouf‘or.the mixtures (Table ). Us&ng‘standards commonly app;ied'
to wheat flours, this‘percentage of protein woulé indicate that the flour
should produce a loaf of good volume. |

Sedimentation Tests

Thé three barley flours, mixtures of barley and allrpurbose flour,
and all-purpose flour were tested for sedimentation rate. The procedure
outlined by the Grain Branch of the USDA Production and Marketing Adminis-

tration (20) was followed. Four tests of each of the flours were made.
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Table IV. Protein content of barley flours, all-purpose flour and
mixtures of barley and all-purpose flour,

Type of Flour Protein Content .
: %
Barley Flours

€

Conrad, Spring, 1963 12.83

Conrad, Winter, 1964 13.66

Cell-U Brand © 13,27
75% Barley flour, 25% All-pﬁfpose flour 12.46'
50% Barley flour, 50% All-purpose flour 11.97
100% A11-pu£posg flour . E 11.10

The amount of floﬁr used was corrected to the i4% moisture level.

Because the‘degree of finenessfin milling affects sedimentation rate,
all flours should be passed throuéﬁ a 100 mesh sieve. The flours from the
Conrad plant and the all-purposé %heat flour were milled finely enough so
that no pre-sieving of thesé flours was ne;essary for this expériﬁent.

The sieve of the Cell-U barley flour was not known and the resulis indicate
it was téo coarse and should have been sieved before the sedimentétion test
was made.

The barley flours always .took lomger to wet with alcohol tham the
wheat flour, Some flour would stick to the bottom and sﬁaking it 6 - 10
times was necessary to get the flour into complete suspemsion. It was dif~-

fiéult to read the sedimentation values of the barley flours. The super-

natant fluid remained cloudy and a distinct line of separation was diffi-
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cult to ascertain. The Cell-U barley flour sedimentation was especially
cloudy. In spite of these difficulties the replicates of each test

varied no more than 1.0 ml. Results are given in Table V.

Table V. Sedimentation values of barley flours, all-purpose flour, and
mixtures of barley and all-purpose flour.

Type of Flour _ Value
mli.

Barley Flour

Conrad Plant, Spring, 1963 19.1

Conrad Plant, Winter, 1964 19.5
Cell-U Brand 42.6
75% Barley, 25% All-purpose flour 29.;
50% Barley, 50%‘A11-purpose flour 373
100% All-purpose flour. 40.5

When comparing the sedimentation values.in Table V with the standards
described by Zeleney (23), the two barley flours milled in Conr;d would be
classified as being exceptionally weak in gluten-like qualit&. The Cell-U
barley flour rated much higher, but this probably was due to the fact that
it was more coarsely milled. Its value is not indicative of its‘gluten
strength. The all-purpose flour would be considered éood quality for
bread making. The values of the two mixtures of a11~éurpose and barley
flour indicat; the gluten strength to be intermediate bétween the all-

purpose flour and the barley flour. The gluten quality appeared to be

related to the amount of all-purpose flour present. One would expect to
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be able to make a bread of good volume from the all-purpose flour and one
of much less volume from the barley flours. The breads made frém the mix~-
tures would be éxpecfed to be intermediate in volume. This was found to

be true, as will be explained in the description of baking experiments.>

Farinograph Curves

Farin?graéh curves Weré madé on a Brabender farindgraph in-the Cereal
Quality Laboratory,'Montang State-College. Barley flours absorb less
moisture than do wheat flours and the amount of water ordinarily used for
wheat floﬁrs made the barlej flour dough foo soft and sticky so that the
curve produced was not in the proper range to be meaningful. By using
less water it was possible to producg a barley flour doﬁgh of sqfficienf
strength to bring the'pgak of the farinograph curve up into the deéirable
range of wheat flours (Figure 1? top and middle). The fairly dry barley
flour doughs wefe stiff; yet easily broken. They were not elastic as
were the wheat flour doughs. The farinograph was designed to measure
gluten strength of wheat flours. It is possible that the farinograph
curve of the barley flours measured the stiffness of the dough rather than
the gluten strength, which is nécessary to make good quality bread. Using

N .
the techniques developed to measure wheat flour quality, the farinograph
determina;ion appears to‘bg of little value for determining strength of
barley flour doughs. Curves produced did not show a peak and they failed
to indicate optimum mixing'time:

A farinograph curve was made from the all-purpose flour used in this

" experiment. The farinograph curve of this flour (Figure 1, bottom) indi=-

cates that the dough will proguce a loaf of acceptable volume beéause its
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peak and mixing time are in the desirable range.

Thickening Capacity

A comparigon qf the thickening capacity of barley and all-purpose
flour was made. A ratio of 2 tablespoons flour (14 grams all-purpose
flour and 12 grams barley flour) per cup of water (244 gfams) was used.
A small amount of the water was used to hydrate the flour and the rest of
the water was heated rapidly to boiling. When the water began to boil,
the hydrated flour mixture was poured slowly into the boiling water and
stirred rapidly. When the mixture again'dame to a full rplling boil it
was removed from tﬁe heat. The peak temperature attained was 93° C. When
the mikture had cooled to 50° C., it was poured into a glass tube, one inch
in diameter and 23 inches long, with a 1ower'tip measuring 0.107 inches.
" After the tube was filled the mixtufé was allowed to run out and the height
of phe remaining column was marked ét five-second intervals. The relative
thickening capaéity of all-purpose and barley flours was,expressed'as the
distance from t#e‘top of the tube to the pastes in the glass.tube at five-
secoﬁd intervals (Table VI).

The barley flour paste height was not recorded at the 25‘and 30 seé-
ond intervals because the column was so short that the figu?es would not .
be representative of the flow of the paste. - The all-purpose flour dropped"
4 inchés in the same 5 second interval that the barley flour ﬁaste dropped
5 5/8 inches (Table VI). Volume for volume, all purpdse flour was the

better thickening agent.
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Table VI. Distance from the top of glass tube of all-purpose and
barley flour pastes at five-second intervals.

Time from ' ) . __Tvype of Flour Paste

Beginning of Test . Al1l-Purpose Barley
séconds_ _ inches - inches
5 . , 4 55/8
10 ' 8 10 5/8.
15 ' 11 1/8 14 3/8
20 13 1/2 . 17 1/2
25 15 Not recorded

- 30 - 17 : Not recorded
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EVALUATION OF BAKED PRODUCTS CONTAINING BARLEY FLOUR

General Methods for Baked Products

One hundred percent barley flout, designated‘as (A), 75% barley and
25% all purpose flour (B), 50% barley flour ané-SOZ all-purpose flour (C)
and 100% all-purpose flour (D), were used iﬁ the baking of breads, muffins, ‘ e
cookies and pastry crust. In the breads éome whole wheat flour was used
in place of the all-purpose fiour. This is designated when necessary.
Mixtures‘of less than 50% barley were not used because the time and incon=-
_venience involved in using smalier percentages of bafley-flour would not:be
justified under homéjconditions. |

Barley flour mﬁffins were made in a preliminary trial to determine
the amount of bérley flour to use in recipes ca}ling for all-purpose flour.
'For each cup (115 grams) of all-purpose'flour called for in the récipe,
substitutions of 1 cup plus 2 tablespoons (88 grams), 1 cup plus 3 table-
spoons (93 grams) and 1 cup plus 4 tablespoons (98 grams) barley flour
were made, Sincé the substitution of 1 cup plus 3 tablespoons (93 grams)
barley flour for 1 cup (115 grams) all-purpose flour resulted in the best
product, this substitution was used in all subsequent baking trialgi

The.baking of tﬂe products ﬁas done over a twe month period. Only
one producf was baked on any given-day. Products made of each of the four
different flours, designated A; ﬁ, C, and D, wére made in duplicafe‘each
day. Unless otherﬁise.stated, ﬁhe same experiment was repeated not less
than one week later. This gave a'totél'of four repiicaﬁes for each
prbduct.

Yeast breads were Baked in the Cereal Quality Laboratory, Montana
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State College. The'fermentatibn cabinet and rotating oven were used for
staﬁdardizipg procedures. THe quick breads, cookies, pastry crust’énd
muffins were prepared iﬁ the food laboratory in tﬁe H;me Econﬁmics
Departmént, Montana State Coliege, to simulate home conditions an& prepar-
ation procedures. |

A.white yeast bread was made‘using éhé basic recipe and the'machinery
used in the Cereal Quality Laboratory for commercial testing. A whele
wheat yeast bread was made with hand mixing methods. Recipes for botﬁ
yeast. breads are given in the appendig, numbers 1 an&.z{ _Fldﬁrs designated
as A, B, G, and D were used for botﬁ the white and the whole wheat bgéad;

The yeast bread doughg were ﬁut into-a fermgntation cébinetIWith a
relative huﬁidify juét ﬁndgr'lob% énd held at 82° F. Afte; férmen;ation,
i7§ grams of dough wefg put into each paﬁ and returned to thg fermentation
cabinet to raise. The bread was baked in S.X 2% X 3 inch baking pans‘in
a rotating oven at 425° F. for ?5 minutes. After the bread was,éooled it
~was weighed and the volumes were measured by the rape ;eed displacement
method.

The white yeast bread made with 100% all-purpose wheat flour rapked
high, with an average'organoleptic rating of 8.5 ihlflavor and 9 iﬁ appear~
ance (Figure 2). There was a definite step-wise reduction in rating of
flavor and appearance with the addition of barley floﬁr. This';eduction
was‘prop;rtional to thé amount of barley flour used. The barley breads

did not brown well, and they were pale in appearance. The surface of the

crusts was not smooth and ténded to crack. The texture of the barley bread
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was more coarse and the loaf was quite compact.

10
9 7 -
8= A: 100% Barley
vt B: 75% Barley
] 25% All-Purpose
6 —
B C: 50% Barley
o' ] 50% All-Purpose
4 3 D: 100% All-Purpose
54 0~
2 -
1 -
A B C D A B c D
Appearance Flavor

Figure 2. Average organoleptic rating of yeast breads made from
a white yeast bread recipe and using barley flour, all-
purpose flour and mixtures of barley and all-purpose
flour.

The whole wheat bread recipe produced a barley bread of slightly
better appearance than did the white yeast bread recipe. The barley
bread made from the whole wheat yeast bread recipe rated 2.6 while the
barley bread made from the white yeast bread recipe rated only 2.1 in
average organoleptic rating (Figures 2, 3). The appearance of the
breads made from the whole wheat bread recipe was slightly better because
the whole wheat flour and molasses gave a darker color. The flavor

scores for this bread are very similar to the flavor scores given to the

breads made from the white yeast bread recipe. The addition of molasses
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in this bread did not appear to improve the flavor of the barley breads

as had been anticipated.

10+
9 e .
8- A: 100% Barley
7- B: 75% Barley
P 25% Whole Wheat
6__ _T
C: 50% Barley
5= 50% Whole Wheat
] "—T
4 D: 100% Whole Wheat
3] ]
2_.
1—.
i
AL B i D A a6 S
Appearance Flavor

Figure 3. Average organoleptic rating of yeast breads made from a
whole wheat yeast bread recipe and using barley flour,
wheat flours and mixtures of barley and whole wheat flour.

The volume of the white and whole wheat breads was good. Volume

decreased progressively as the substitution of barley flour for wheat floﬁr
was increased (Table VII). The machine-mixing employed with the white
yeast bread recipe reduced the volume of the loaves more than the hand-
mixing employed with the whole wheat yeast bread recipe.

All loaf weights were very similar (Table VIII). Loaf weight did not

appear to be affected by the substitution of barley flour for wheat flour

or by the mixing method employed.
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Table VII. Loaf volumes of yeast breads made from barley flour;'wheat
flours, and mixtures of barley and wheat flours.

Récige Used

White Wheat Bread
(Machine Mixed)

Whole Wheat Bread
(Hand Mixed)

Flour. Used
75% Barley 50% Barley
25% All- SOZ All- 100%
100% Barley Purpose Purpose Wheat
cc. cc. cc. ce.
230, 278 355 770
274 359 502 657

s

Table VIII. Loaf weight of yeast breads made from barley flour, wheat
flours, and mixtures of barley and wheat flours.

Recipe Used

White Wheat Bread
(Machine Mixed)

Whole Wheat Bread
(Hand Mixed)

Flour Used

75% Barley 50% Barley :
25% All- 50% All- = 100%

100% Barley Purpose Purpose Wheat
grams . grams .grams  grams
151 155 152 - 155

152 154 154 153

Because loaf weights were néarly the same while loaf volumes were

much larger for the wheat breads than the barley breads, one would expect

that the barley breads would be compact and heavy. This was true of the

breads made in this experiment.

Although the organoleﬁtic scores indicate that the yeast breads,made

with barley flour were not of high quality (Figufes 2, 3), they still have
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possibilities in allergy diets. ' They certainly were edible.

It was difficult to cut a slice of the barley bread bécause the loaf
was very c;umbly and piecés tended to fall away from the’edges of the
slice. The tendency to crumble increased as the amount of barley flour
was incre;sed. -

The appearance and texture of the doughs of barley flour were quite

different from thé appearance and texture of the wheat floutr doughs. Bar-

" ley flour dough broke easily and had little elasticity or strength. Wheat

doughs felt plastic, yet firm in the hand, whereas the barley doughs were
soft and fragile. The shaping of the loaf of Earley bread was.difficult
and it was almost impossible to'férm a smooth loaf.

The prepératibn of the yeast breads was time consuming, and it was
necessary to judge them on the day following‘the baking. The breads were
Qrapped after they were cooled .so that they did not dry out excessively.

Quick Breads

Because the yeast barley preads were difficult to handle aiad Qere ad-
versely affected by ménipulation, it seemed logical to assume thaﬁ quick
breads, which require little ménipulaéion, might be successful.

A white quick bread was made uging a muffin recipe (Appendix #3) and
using the muffin method of mixing. The avérage organoleptic scores of the
white quick bread (Figure 4) show that there was little difference in the
rating of the products made using the A, B, and C flour substitutions.

All of these breads were quite acceptabie pfo&uéts.

Although these quick breads are not a substitute for yeast breads,

they can be méde successfully for meal variety. The shape of the loaf is
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A: 100% Barley

B 75% Barley
25% All-Purpose

C: 50% Barley
50% All-Purpose

D: 100% All Purpose

A B C D A B

c

Appearance Flavor

D

Figure 4. Average organoleptic ratings of quick breads made from
a muffin recipe and using barley flour, all-purpose
flour, and mixtures of barley and all-purpose flours.

such that the bread could be toasted if desired. This quick bread was

made only on one baking day and was not repeated because there seemed to

be little advantags--except for shape--over the muffins which were made.

A whole wheat quick bread was made (Appendix #4) using the quick

bread method of mixing. The average organoleptic scores (Figure 5) were

all fairly low. Average appearance scores were 3.4, 4.1, 4.7, and 6.2 for

flours A, B, C, and D, respectively. Average flavor scores for flours A,

B, C, and D were 4.2, 5.5, 5.7, and 7.1, respectively. The scores decreas-

ed as the amount of barley flour increased.

The barley flour breads made

from this recipe did not rate as well as the barley breads made from the
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9 -
Bio A: 100% Barley
7- B: 75% Barley
)— 25% Whole Wheat
il % C: 50% Barley
5 i 50% Whole Wheat
4 P g ‘j D: 100% Wheat
3 - [
2
14
A B C D A B (¢ D
Appearance Flavor

Figure 5. Average organoleptic rating of quick breads made from a
whole wheat quick bread recipe and using barley flour,
wheat flours, and mixtures of barley and whole wheat
flour.

white quick bread recipe. The instructions given with the recipe called
for more mixing than did the instructions in the muffin.recipe. The extra
manipulation may have affected the quality.

The loaf volumes of all the quick breads were similar (Table IX).
The whole wheat quick bread dough weighed 175 grams and was baked in a pan
5 X 2% X 3 inches. The white quick bread was baked in a smaller pan with
less dough because these were the pans that were available. The volumes
for the quick breads made from the white quick bread recipe were corrected
to the value for the larger pans so that a comparison could be made more

easily. Loaf volumes of quick breads did not appear to be affected
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appreciably by the substitution of barley flour for wheat flour.

Table IX. Loaf volumes of quick breads made from barley flour, wheat
flours, and mixtures of barley and wheat flours.
Y

Flour Used
' 75% Barley 50% Barley 100%
Recipe Used ° 100% Barley 25% Wheat 50% Wheat Wheat
' ) Toeer . cc cc _ce
White Quick Bread 395 392 395 380
Whole Wheat Quick Bread- -373 406 . 406 - 387

The loaf weights of all of the breads made from the whole wheat
quick bread recipe were very similar (Table X).. The substitution of bar-
ley flour for wheat flour did not appéar to éffect loaf weighf of the
quick breads. Lpéf weighfs Wére not recofded forithe white quick breads,
due to an error in car?yiﬁg out‘of plans.

Quick breads of good quality can be made using all or part barley
flour. The method employing the least manipulation is recommende& when

barley flour is used.

Table X. Loaf weights of quick breads made from barley flour, wheat
flours, and mixtures of barley and whole wheat flour.

Flour Used
75% Barley 50% Barley
100% Barley 25% Wheat 50% Wheat 100% Wheat
grams grams’ : : grams gramg

% 150 145 . 152
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Muffins )

Raisin spice muffins and bran muffins (Appendix, #5 and #6) were made
from the flours A, B, C, aﬁd D previocusly deséribed. All-barley muffins -
were also madé in a comparative test of the three'different barley flours.
The muffin method of mixiné was used, A quantity of 46 grams of dough was
weighed into paper muffin cups. All muffins Qere mixed and weigﬁed before
any were put into the oven so that they would be done at the samé time and
could be sampled while hot by the panel. All muffins were bakéd in gas
ranges.

Muffins were left in the paper cups for judging and taking of volume

measurements. Volumes were determined by the rape seed displacement meth-

od. It was realized that the volume would be slightly in error with the
paper éups left on, but- all the cups were the same sizée ané %eight and
this was better than héving the muffins crumble ;hile being measured.

Bran muffins made from 50% barley flour énd 50% all-purpose flour (C)
ranked higher iﬁ flavor than did muffins made from flours A, B, or D
(Figure 6). . The average flavor score of C was 7.9. Flour D .scored 7.4
while A and B both scored 6;9. ~The average organoleptic score for appear-

ance of C and D was 7.4. Average appearance score for A and for B was

6.9,

Spice raisin muffin evaluations were similar to those for bran muffins.
The appearéqce of the muffins made with 50% barley and 56% ali-purpose
flour (C)'ranked highest with a score of 7.4. Floﬁrs A, B, and C scored
6.4, 6.7; and 7.2,Arespective1y, for appearange‘(Figure 7). The spices

bléndgd with the barley flavor and made a very acceptable produét. The
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Figure 6. Average organoleptic rating of bran muffins made with
barley flour, all-purpose flour, and mixtures of barley
and all-purpose flour.
addition of raisins was also helpful in improving the flavor.

There was very little difference in volume due to substitution of bar-
ley for all-purpose flour either in bran muffins or in raisin spice muffins
(Table XI).

Results of the comparative test of the three barley flours are shown
in Figure 8. Muffins made from the flour milled in the spring of 1963
ranked highest in flavor while muffins made from flour milled in the winter,
1964 were highest in appearance. There was very little difference in qual-

ity of the muffins made from these two barley flours. The muffins made

from the Cell-U barley flour ranked lowest in both appearance and flavor.
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A B c D A B c D
Appearance Flevor

Figure 7. Average organoleptic rating of raisin spice muffins made
with barley flour, all-purpose flour, and mixtures of
barley and all-purpose flour.

Table XI. Volume of bran muffins and raisin spice muffins made from
barley flour, all-purpose flour, and mixtures of barley and
all-purpose flour.

Flour Used
75% Barley 50% Barley 100%
25% All- 50% All- All-
Type of Muffins 100% Barley Purpose Purpose Purpose
cc cc ce ce
Bran Muffins 97 100 95 100

Raisin Spice Muffins 926 105 98 103
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They were quite dry and coarse. This flour appeared more coarse. It

weighed more per cup and evidently had greater water absorbency.

10+

S-63:
e o B

W-64:

S$-63 W-64 C-U $-63 W-64 C-U
Appearance Flavor

Conrad Plant,
Spring, 1963

Conrad Plant,
Winter, 1964

Cell-U Brand

Figure 8. Average organoleptic rating of muffins made from barley
flour of 1963 and 1964 milling and from Cell-U brand

barley flour.

All muffins made were of good quality. Barley flour in muffins has

possibilities as a variety food or for wheat-free allergy diets.

Cookies

Applesauce cookies and brown sugar cookies were selected for baking

because it was hoped that spices and brown sugar would make barley flour

cookies more palatable.

A Hamilton Beach Mixer with a small bowl was used to mix the cookies.

Recipes are provided in the appendix (#7, #8). After mixing, 10 grams of

dough were weighed for each cookie. All cookies were baked in a gas
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range oven.
Since the applesauce cookie dough was soft and would have been diffi-
cult to transfer quantitatively, the dough was weighed on a piece of alum-
inum foil and placed on the cookie sheet. Organoleptic ratings of the

applesauce cookies are given in Figure 9.

10
9
8 A: 100% Barley
r—— g s
7— T e W_‘ - B: 7570 Barley
25% All-Purpose

6—' Tl

C: 50% Barley
5 - 50% All-Purpose
4 — D: 100% All-Purpose
3 o
8]
1 —

A B c D A B c D
Appearance Flavor

Figure 9., Average organoleptic rating of applesauce cookies made
from barley flour, all-purpose flour and mixtures of
barley and all-purpose flour.

Three cookies from each batch, giving a total of 12 cookies of each

kind in the four replications, were sketched around the periphery. Later
the planimeter was used to determine the areas of spread. Cookies are

considered undesirable if their areas of spread are excessively large.

Average areas of the applesauce cookies are given in Table XII.
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Table XII. Average area of applesauce cookies made from barley flour,
all-purpose flour, and mixtures of barley and all-purpose

flour,
Kind of Flour Used _ Area
: square cm.

A: 100% Barley ' 27.7
B: 75% Barley

25% All-Purpose 27.6
C: 50% Barley . A ‘ '

50% All-Purpose 25,9
D: 100% All-Purpose ' 23.7

The cookies made frdm-loo% bayley f;aur spread most and those made
from lQO% all-purpose flour spread least during baking. Thé range from
the least to the most area spread was not large. None of the cookies
spread enpugh to det?act from their appearance. |

| Eréwn sugar cookies were made from the.barley flour, all-purpose
flour, and the mixtures of barley and all-purpose fiour. The brown sugar
cookies were mixed as the applesauce cookies were except that they. were
weighed on a piece of wax paper and traﬁsferrea from the wax‘papér to the
cookie sheet, |

As shown in Figure 10, the appearance of the all-purpose flour
cookies rated highest, with a feduction in rating as the émOunt of barley
flour increasgd. The flavor scores show that 100% all-purpose flour
cﬁokieé rated-slightly higher than tﬁe 75% barley flour cookies. The 100%

bafley flour cookies rated lowest in flavor.
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A B c D A BiATNC D
Appearance Flavor

Figure 10. Average organoleptic rating of brown sugar cookies made
from barley flour, all-purpose flour, and mixtures of
barley and all-purpose flour.

The brown sugar cookies were more adversely affected by the addition

of barlev flour than were the applesauce cookies.

Brown sugar cookie spread during baking, as determined by the planim-
eter, was proportional to the amount of barley flour used (Table XIII).
The difference from the least to the most area spread was greater for brown
sugar cookies than it was for applesauce cookies.

The appearance of some of the cookies was rated low because the shape
of the cookies was not uniform. The techniques employed in the weighing

and transferring made uniform shaping of the cookies a difficult task.

Because eight batches of cookies were being made each day, lack of time
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Table XIII. Average area of brown sugar cookies made from barley flour,
all-purpose flour, and mixtures of barley and all-purpose

flour.
Kind of Flour Used ' Area
square cm.

A: 100% Barley ‘ 29.1
B: 75% Barley . -

25% All-Purpose 26.6

- C: 50% ‘Barley .

50% All-Purpose 24.8

D: 100% All-Purpose 21.2

was also a factor in not'shaping Ehe ;bokies uniforﬁly.

The 100% barley flour cookies had a pronounced barleyAﬁlavor; This
flavor was less néticeable in cookies made from the mixturés of the flours.
The distinct barley-flavdr was more noticeable in cookies that were a day
or two old thaﬁ in freshly baked cookies. ‘None of the cookies rated very
high. A score of 8 was the highest score'reéfesented in Figures 9 and 10.
Possibly different recipes or techniques might have been better than those
employed. More experiméntation might produce a cookie made from barley
flour or mixtures éontaining barley flour which would be more acceptable.
Pastrz

Plain pastry and egg.and’vinegar pastry were made using the usual
pastry method. The pastry was rolled on a pastry cloth to a uniform
thickness of 1/16th inch. Metal strips which gave 1/16th inch clearance

between the rolling pin and the pastry cloth were used on each side of the
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crust. Recipes are recorded in the appendix (#9, #10).

Egg and vinegar pastry crust was made using flours A, B, C and D.

Pastry crust made from all-purpose flour ranked high with a score of 8.1
in appearance and 9.0 in flavor (Figure 11). There was a step-wise reduc-
tion in rating as the percentage of barley flour was increased.

crust made from 100% barley flour rated lowest with scores of 4.2 in ap-

pearance and 5.1 in flavor.

105

A B C D A B c D
Appearance Flavor

85

B:

Pastry

100% Barley

75% Barley
25% All-Purpose

50% Barley
50% All-Purpose

100% All-Purpose

Figure 11. Average organoleptic rating of egg and vinegar pastry
cruct made from barley flour, all-purpose flour, and
mixtures of barley and all-purpose flour.

Plain pastry was made -aly once. The barley flour crusts made using
the plain pastry recipe were extremely fragile. Since the egg and vinegar

crust had better structure, no further experimentation was done with the




=30=

plain pastry crust. Organoleptic ratings of the plain crust are given in

Figure 12.
10~
9._
8- s &
A: 100% Barley
7-
e = B:  75% Barley
6 - — 25% All-Purpose
5= X 2 C: 50% Barley
S 50% All-Purpose
2
D: 100% All-Purpose
3_
2—
|
1_
A B C D A B C D

Figure 12. Average organoleptic rating of plain pastry crust

made from barley flour, all-purpose flour, and
mixtures of barley and all-purpose flour,

The appearance and flavor values of the plain pastry crust were very
similar to those fof the egg and vinegar pastry crust (Figures 11, 12).
The color of the barley flour pastries was darker than that of the wheat
flour pastries. The color was not objectionable, but it was easy to see
which pastry contained barley flour before any testing was done.

The barley flavor in pastry is not as pronounced as in some products
and was not considered objectionable. The flavor of the barley flour

pastries was affected by the apparent excess of shortening in these crusts,

Barley flour pastry might be made quite satisfactorily if the shortening
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were reduced. More experimentation should be done to determine the opti-

mum amount of shortening for bérley flour pastry.
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C lﬂDISCUS/‘iION AND SUMMARY

An intereét;in'usingybarley flour came about because barley is an

important Montana crop and there is a need for developing recipes for

wheat-free allergy diets.

Phyéical_and chemical tests ordinarily used for testing wheat for

suitability for baking were made with barley flour and the all-purpose

wheat flour used in this experiment.

Moisture. The moisture content of the barley and wheat flours
used in this experiment was about 11%.
Ash. The ash pgrcéﬁtage of barley flour was higher than in wheat
flour. This suégeéts an incomplete separation of bran from the
endosperm which may‘havé affected the flavér of the barley flours.
‘Kijeldahl. The protein content of barley flours was in tﬁé
desirable range for wheat, but the gluteﬂ-férming proteins were
not as evident. Howeyer, there seemed to be SOmg s;bstance
preseﬁt which gave a little strength and elasticity to barley
" baked products.

Sedimentation. The sedimentation test was designed to measure

gluten strength of wheat flours, and its application to barley
flour is limited. There is a possibility that the sedimentation
test could:be used for determining baking quality of Pariey flour .
if some modifications were made in the test. |

e . .

Farinograph. The farinograph measures dough strength and mixing

time of wheat flours. Its use for measuring strength:or mixing

time of barley flour is questionable.- It appeared that the
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farinograph was measuring stiffness of the barley flour doughs
rather than strength.

_Thickening Capacity. Barley flours did not possess'as great a

thickening‘capacity as did wheat flours. The total amylose and
amylopectin content of the two cereals is similar (5, 9).
" .Because the thickening capacity is different, there'is evidently
some molecular differencé within the fractions of thé.two cereals,
Baked products were made:from barley flours, all;purpose flour and/or
whole whéat flour, and mixtures of barley and wheat flour. An~qrgan61ép-
tic panel of four membe;é was used to evaluate the baked products for
palatability. Four categories of baked~products were tested.

Bread. Yeast breads are dependent‘oﬁ gluten strength for

Aétructure and volume. Yeast breads became more compact and

coarse as the propértion of barley flour in them was increased.

Barley yeast breadé were very undesirable, but certain mixtures

qf barley and wheat were more satisfactory.

Breads using baking powder and requiring little mixing

(Quick Breads) were made quite successfully from barley flour

and mixtures of barley and wheat flours.

\

‘Muffins. Muffins made from barley flour and mixtures of.barley
and wheat flours were acceptable products. Littlé mixing.was
necessary, thus.eliminating the adverse effecﬁs inherent in the
mixing of barley ﬁroducts.

Cookiﬁs. The barley flavor aﬁpeared quite pronounced ih the

cookies made in this experiment, especially after a day or two.

— )
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The appearance of cookies was affected very little by the addition

of barley flour, but they did spread a little more during baking.

Pastry Crust.  Pastry crusts made from barley flour broke easily
and aépeared to need iess shorten{ng than did wheat flour pastries.
The éddition of egg to pastry crust was helpfql in improving
structure, ‘

Some people like the barley flavor. Others object to it.- It appeared

with this panel that those who initially disliked the barley flavor i@tenﬂ

sified their dislike during the period of the experiment. The broducts in

- which the presence of barley could be seen were ranked in step-wise fash-

ion, with a lower score for each increase of barley flour content. If
bodﬁhs with special lights which mask color had been avaiiable, more
objective evaluation might have been possible.
" Barley flour products do have possibilities for those seeking food
variety and in wheat-free allergy diets. More experimentation with rec~
ipes ﬁould no &oubt produce baked products of better quality than those
discussed in this paperL It wouid be interesting to try cookie recipes
using molasses, pastry crust with less shortening, and hot cakes.
Varieties of barley other than Compana might make a flour of better
flavor and baking qualities. Variations in the milling process might

also produce a better quality flour.
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APPENDIX

#1.. White Yeast Bread
FloUf.iieeeeensosaocnnnnnns 100 grams (14% moiséﬁre basis)
Dry skim milk.............. 2 grams
CriscO.eeecasre. Wreseerecns . 5 ml,

(1100 grams sugar and 400
grams salt dissolved in
100 ml, water) )

..... ceevesrsrennsssaay 10 ml (25 grams malt in 1 liter
water) ]
Yeast....v.v.s Geseserenanan 20 ml «(100-grams yeast in 1 liter
' . water)
Bromate...eeeaaean e i renenn Flour A: 5 ml. (16 grams brom-
. ate’'in 1 liter
Flour B: - 3 3/4 ml. water to make
stock; 25 ml.
Flour C: 2% ml. stock in 2 .
liters water)
Flour D: None
Water.....uveivesneenssa.. . Flour A: 022 ml.
Flour B: 24 ml.
Flour C: 25 ml.
Flour D: 27 nl.

) e

Standard procedures'and equipment for

the Cereal Quality Laboratory were used.

#2.  Whole Wheat Bread

Shortening..

mixing and baking of bread in °

++. 87 grams
...147 grams

7 grams

MOlaSSeS.nenrneeracennnanss 17 grams

Water.eeioenesoononas

The usudl method of mixing and baking

...... 183 grams

of yeast breads was folldwedh




#3. White Quick Bread

Flour....ceeoeeeeennncees. 184 gm,

SUBAT  veesvennennnnnes seses 19 gm.
MilKeuveonneennneennanns.. 184 gm.
Egg .; ............. cesecons 36 gm.,
Fat.ceeioqeseannns esasanan 19 gnm.
Baking pow@er..........,... 9 gm.

Salt.veeenncovoennscocvensos 1% gm.
Sift dry ing;eéients together 3 time;. Make a hole in the center
of the dry ingredients, add all liquid ingfédients. Stir 8 times,
just wetting the dry ingredients. Make 2 150 gm. loaves. Bake at

425° F. for 25 minutes,

_#4. Whole Wheat Quick. Bread
Whole wheat flour.......... 87 gm,
White £10Ur................100 gm.
Baking POWAEL s sevarvnnnenas 12 gm.'
Shortening...............7. 7% cc.
i +es.176 gm.
Salt..;..,................. 2 gm.
Sugar......;.............;; 25 gm.
Eggerresesonessaanse ceereens 24 gm.
Stir dry ingrédienté into bowl, add liquiq, mixing well. Add beaten

egg, sq;E in. Add shortening and beat mixture thoroughly.
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#5. Bran Muffins

FloUur.sueeeanaaoans B 1 : gm.‘
Suga?......;. ...... sesenaae 25 gm.
’ Milk...r..,......}.... ..... 92 gm.
Eg8Sensecansnea Crererieeenas 24 éﬁ.
FAuoienerennarnnssennanns . 25 gm.
Baking powdgr...ﬂ.;... ..... .6 gm.

Salt..sesernnercnnconsoanas ,1 gm.(

The muffin method of mixing was used.

#6. Raisin Spice Muffins
Flour...eeversaceaans eeeesell5 gm,
- Sugar....... . b2 gm.’

Milk.....................ﬂ.12i gm.

| - S ;.... ........ 24 gm.,
Fat...... creaceane eesssesso12% gm.
Baking powder.....veveeees . 6”gm.
Salt.....uun Cerecsecanenas '.‘ 1 gm.

The muffin methbd of mixing was used.

|




#7. Applesauce Cookies
. SUBAr.,cceeessecarcsssesass 0
Shprténing...;....f..{......25
Egg..;.g;.................. 12

Applesauce....seeeeresenss. 60

Flour...cceeesnscesoce 5§.

N

Saltieceeens

[N

Soda...

s e ev s PP PEIRERIOOS OSSN

oy

Baking powder......ocoe00s

k-

%

Cinnamon..eeeseevessosssces
Cléves.Ol.C‘QQUOCCOOOIOOOQI..
,Raisins.oooooowi.wo-.o-‘,oo‘oo 15

Cookies were miied with a

#8.

Brown Sugar Cookies

Shortening.;..
Bréwn SUBATY . veceecasasasanee 9

Eg8Sceerecaann 24

ButtermilK...iceoonvvnneee
Flour..eesuesssonnncasss
S0d&. . venronnanns
Salt;.............1.......; 1

Cookies were mixed with a

gm. .

gm.

gm.
gm.
gm,
gm.

gm.

,gm L

Hamilton Beach Mixer.

gm.

gm.

gm.
gm.
gm.
gm.

Hamilton Beach Mixer.




#9.

Lard..oeeoeesesscsncasennss 12 gm,
Egeeeicacncansosaconcsanse &4 gm,
Water..eeeeaeseses ceesnsanes 10 gm.
Vinegér....;............,.. 1% gm,

Pastry method of mixing was used.

#10. Plain Pastry Crust

Flour...ovseeececenssssss.s 28 gm.
Lard;.......;.,..;........;-12 gm,
SAlteecesevssrssnesnoessses L.gm,
Water.ovoeiennuneennennnnns 18 gm.

Pastry method of mixing was used.

T
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