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INTRODUCTION

Gluten strength to a great extent determines
the value of wheat for various purposes. Measuring the
gluten strength is a problem which confronts the plant
breeder, the miller, and the baker, Methods in use are
especially adapted to hard wheat, although they have
been used extensively on soft wheats, Two of these,
the protein determination and the baking test, have been
used for several years at the Michigan Station to evalu-
ate the wheats grown on the station plots. More recent-
ly the expansion test and the wheat meal fermentation
time test have been recommended as better measures of
gluten strength of soft winter wheats, With this in
mind, a comparative study was made of the four methods
using Michigan soft winter wheats.

The first object of this study was to deter-
mine the relative values of these tests as methods of
measuring the gluten strength of different varieties
of soft winter wheat and to determine whether these
varieties can be separated into different classes of
gluten strength, The second object was to determine
whether the same variety would produce differences in
gluten strength, measurable by one of these methods,

when produced under unlike environmental conditions,



Literature on previous investigations will be

reviewed before this study is discussed,

PREVIOUS INVESTIGATIONS

The tests employed in this investigation have
been discussed in literature by various workers. The
protein determination and the baking test long have been
used as methods of determining gluten strength, and only
literature having a direct bearing on this problem will
be di scussed. The expansion test and the wheat meal fer-
mentation time test have been developed more recently and
a more caomplete review of previous work will be given for

vtheae two tests.

THE PROTEIN DETERMINATION

The protein determination is used more than any
other one test in determining the value of different
wheats, The test 1s desirable because only a few grams
of material are required and can be made on either whole
grain or flour,

In bread wheats, the protein content seems to

be closely associated with the baking strength. Bailey (2)



T

reports, from his own investigations and those of other
workers, that loaf volume indicates a positive correla-
tion between the baking strength and protein content.
He also states, that the protein content of soft wheat
flours seemed to be less effective in producing large
loaves than did the same concentration of protein in

hard wheat flours,.

THE BAKING TEST

The baking test, in which the volume of loaf
is the measure, is used extensively to determine the
g€luten strength of flours. It has the disadvantage to
the plant breeder that flour must be used, This re-
quires a rather large sample of wheat, 600 to 2000 grams,
and the sample must be milled before the test can be
made,

The baking test used at the Michigan Station
in 1931, described by Down, et al (5), is adapted to
bread baking from soft wheat flours.

The baking test using "pup" loaves is reported
by Werner (18). The formula originally suggested by
Werner has been tested by the Conmittee on Standardiza-

tion of the Baking Test of the American Association of



Cereal Chemists and the Basic formula has been adopted
by the association, Harrel (7) reports the following
supplements to the Basic Procedure: A. Absorption;
Be Fermentation; and C, Addition of special oxidiz-
ing reagent, potassium bromate,

During recent years, the effect of bromate,
the primary agent in Arkady, on doughs has received
considerable attention.

Moen (11) found that the A.,A.C.C. Baking
Procedure with Supplement C, addition of bromate,
emphasizes desirable characteristics or defieciencies
which the Basic Procedure alone fails to reveal,

Geddes and Larmour (6) found that the bro-
mate formula gives a much better measure of the rela-
tive strength in baking tests oonducted on Western
Canadian hard, red, spring wheats than the Basio
formula, The bromate volumes were more highly corre-
lated with protein content than the Basic, and the
regression of loaf volume on protein was linear over
a greater range, The bromate formula was found to be
more sensitive than the Basic in indicating modifica-
tions in flour strength due to heat treatment or to
the presence of green, frosted, or immature kernels in

the wheat mix,



Treloar and Larmour (17) conclude that dough
prepared by one worker and molded by different workers
may show differences in loaf volume, due to variations
in "molding personality"., They also state that it ap-
pears possible that variations in molding technique may
also be the cause of variations in replicate volumes by
any one worker,

Cutler and Worzella (4) state that the baking
test does not lend itself to the needs of the plant
breeder, since five pounds or more of wheat are required,

Blish, et al, (3) reports that if a basioc
procedure applicable to the soft wheats 1s to be de-
veloped, the absorption should be decreased and the

fermentation period shortened.

THE EXPANSION TEST

The expansion test has received some atten-
tion in recent years as a measure of gluten strength,
In this test, the maximum expansion that a dough will
reach during fermentation is the measure of gluten
strength, Leach (10) described a method of testing

flours by the "expansion of dough"™. One hundred grams



of flour was made into a dough ball, placed in a 500 cc,
graduate cylinder, and the volume ‘read when the dough
reached its maximum expansion. Wilsie (19) reports that
the expansion test showed differences between Red Rock
and American Banner flours of fram 250 to 300 cc. in
volume reached during the second rise, He states that
differences in volumes of less than 75 to 100 cc. are of
little significance, Wilsie (20) desocribes and further
reports the expansion test as a measure of the gluten
strength of soft wheat flours. His methods differ from
those of Leach in that the doughs were allowed to rise

a second time., His results were apparently different

in that much larger volumes were obtained,

Shiple (16) reported the test as was conducted
at the National Milling Company laboratory. A fermenta-
tion factor or index is used to evaluate the flours.
This factor is the product of the time in minutes for
the dough to reach its maximum volume multiplied by the

volume in cubic centimeters.

THE WHEAT MEAL FERMENTATION TIME TEST

The wheat meal fermentation time test is

another measure of gluten strength, This method has
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the advantage of using only small amounts of material
and is conducted on whole wheat meal, which eliminates
the necessity of millinge The test is a modification
of one used by Saunders and Humphries (15) for testing
the gluten strength of flours. The wheat meal fermen-
tation time test was first reported by Pelshenke (12),
a German investigator. In Pelshenke's (13) method,
the same amount of water is added to all samples on
the assumption that all whole-meals have the same ab-
sorption capacity. Gluten strength is measured by
fermentation time which is called the "test number of
gluten quality", A fermentation factor, "specific
gluten quality", is obtained by dividing the time by
the protein content, Cutler and Worzella (4) also
report the test, Their method differs from that of
Pelshenke in that different absorption percentages are
used for different samples, They use the test in plant
breeding work in the selection of strains of wheat and
report a high positive correlation of the test with
absorption and vitreous kernels, They also state that
the test shows a high correlation between "time" and

the quality of wheat desired for maeking flour for par-



tioular purposes. The wheats preferred for bread
flour have a high "time" test and the wheats pre-

ferred for pastry flour have a low "time" test,

PRESENT INVESTIGATION

This review of literature briefly shows
the relation of previous investigations to this
study. The present investigation, including experi-
mental work and results, is discussed in the follow-

ing sections of this reporte.

MATERIALS.

Samples used in this ihvestigation are shown
in Table I,which gives the varieties of wheat, the
sources, and number of samples from each source for
1931 and 1932, Sémples of American Banner, Red Rock,
Bald Rock, 912203, and Berkeley Rock, grown at various
places in the wheat producing section of Michigan,
were used, The samples in the over-state tests were
grown side by side. Some of the samples were mixed
so badly that the data were not used in computing

variety averages. Samples from farmers were obtained
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through the Michigan Crop Improvement Association
and contained but little mixtures. The samples from
the time of harvest trials, sunshine cages, and the
irrigation experiments were produced at the East
Lansing station.

Flour samples for the tests were milled with
the Allis-Chalmers experimental mill in the Farm Crops
laboratory. About 2000 grams of grain of the 1931
samples and 1500 grams of the 1932 samples were milled,
All of the flours were thoroughly mixed before sam-
ples were taken for any of the testa,

Yeast was supplied by the Fleischmann Yeast
Company and was delivered to the laboratory twice a
week,

Other materials, such as lard, sugar, salt,
glucose,apd Arkady, were obtained at the Experiment
Station Chemistry laboratory.

METHODS
THE PROTEIN DETERMINATIONS

Protein determinations were made on wheat and
flour samples by the Kjeldahl method using 1 gram sam-

ples of material, The factor used to convert nitrogen



to protein was 5.83 for the grain analyses and 5.7
for the flour analyses,

Moisture determinations also were made and
the protein percentages were corrected to a uniform

moisture content of 13,5%.

THE BAKING TEST

1931 Method

The baking of flour samples from wheats
milled in 1931 was done by the old method in which

pound loaves were baked,

Formula:

Flour 325,00 grams

Sugar 12,00 grams

Salt 6,00 grams

Glucose 1.00 coc.

Yeast 10,00 grams

Lard 6,50 grams

Water According to absorption
Procedure:

The procedure in baking is essentially the same
as that described later for the baking of samples
milled from the wheats grown in 1932, With the excep-
tion that doughs were allowed to stand on the bench

for 10 minutes after they had received the second punch






before being molded and placed in the pan, the only

changes were minor ones made for convenience.
1932 Method

The flour samples from the wheats grown in
1932 were baked using the Basic formula for small
loaves adopted by the American Association of Cereal
Chemists, The method has been tested in recent years
and is now replacing the method in which larger loaves

are baked,

Formula:

Flour 100,00 grams

Sugar 2.50 grams

Salt 1,00 grams

Arkady 0.50 grams

Glucose - 0.33 co.

Yeast 3,00 grams

Lard 0.50 grams

Water According to absorption
Procedure:

The water absorption for each flour was deter-
mined before the baking was started. This was done by
making a dough bally using 25 grams of flour and suffi-
cient water, from 14 to 16 cc., to give the dough proper
consistency for baking. The amount of water to add was

judged from the appearance of the dough ball, This
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amount of water, expressed as a percentage of the
amount of flour used, is known as the water absorp-
tion and this percentage was used later in mixing
the doughs for baking,. |

The fermentation cabinet, in which the
doughs were allowed to rise or ferment, was kept at
a constant temperature of 30 degrees C. by thermo-
static control,

The flour samples were weighed on the day
greceding mixing and were kept over n{ght in the fer-
mentation cabinet in small bowls covered with glass
plates., Salt and sugar were dissolved in enough water
so that 20 cc, of the solution contained 1 gram of
salt, 2,5 grams of sugar, and about 18 cc. of water.,

A flask of the salt-sugar solution and one of the
water used in making up the water absorption of each
flour were kept in the cabinet over night so that
both would be of proper temperature for mixing,.

Yeast was made into a suspension with Arkady,
glucose, and water, Twenty co., of the suspension con-
tain;d 3 grams of yeast, 0.5 grams of Arkady, 0.33 oc,
of glucose and about 17 cc, of water, Twenty cc. por-

tions of the suspension were pipetted into 100 cc.
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beakers and placed in the cabinet for 30 minutes
before the mixing was started. New suspensions
were prepared later so that no yeast was used after
being in the cabinet for more than two hours,

Before the mixing was started, some of the
salt-sugar solution and some of the water were trans-
ferred to burettes for convenlience of measuring into
graduated cylinders. Additional portions of the
liquids were transferred fram the cabinet to the
burettes as needed,

A Hobart electric mixer was used in mixing
the doughe. The flour was first sifted into the mix-
ing bowl and next the lard was added. The salt-sugar
solution was poured into the yeast suspension and
both were poured into the mixing bowl together. The
water was added last. It was poured into the beaker
which had contained the yeast, in order to rinse the
beaker, and was then transferred to the mixing bowl,

The dough was mixed for one minute at low
speed., Then the dough sticking to the sides of the
mixing bowl was scraped loose and the mixing contin-
ued for two minutes at medium and for one minute at

high speed.
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The dough was taken from the mixing bowl,
kneaded into a round ball, put in a small bowl,
covered with a glass plate, and placed in the cab-
inet. After allowing the dough to ferment for 40
minutes (first rise) it was taken out, punched
(first punch), kneaded into a ball about the origi-
nal size, replaced in the cabinet, and allowed to
ferment again for 25 minutes (second rise), It was
then punched (second punch), molded, placed in the
pan, and again set in the cabinet and allowed to
ferment for 45 minutes (third rise), The pan of
dough was baked in an electric oven at a temperature
of 220 to 230 degrees Co for 30 minutes, The loaf
was removed from the oven and taken from the pan.
After greasing the crust with lard, the loaf was
numbered and allowed to cool to room temperature,

The volume of loaf was then measured by
determining the amount of rape seed displaced., The
equipment used was rape seed, a hopper, a glass jar,
a oontainer to catch the excess seed from the jar,
and a 1000 coc. graduated cylinder. The hopper was
placed so that the opening, 1 1/4 inches in diameter,

at the bottom was two inches above the center of the
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jar. The glass jar used was 5 3/8 inches in dia-
meter, 5 inches high and had a capacity of about
1700 cce Just enough rape seed was used to fill
the jar. The amount of rape seed to use was found
by placing an excess of rape seed in the hopper,
allowing it to run into the jar until the latter
overflowed all the way around the edge, and then
removing the excess by means of a stroker. This
amount was checked daily. The stroker was made of
hardwood, had a smooth rounded edge, was 12 inches
long, 1/4 inch thick,and 1 3/8 inches broad,

The loaf was measured by placing it in the
jJar, running in the rape seed from the hopper, and
removing the excess seed heaped on top of the jar by
means of the stroker, The excess seed was removed
by three full-length zigzag motions of the stroker.
This was colleoted in the container, poured into the
hopper,and allowed to run in to the graduated cylinder,
The reading was made to the nearest S cc.

Each day two samples of Red Rock flour were
prepared and baked as checks, The average volume of
these daily checks was used as a basis for correcting

the volumes of the other loaves baked the same day.
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To determine the variations in loaf volume
that could not be controlled, 30 samples of the baking
check were baked in one daye The loaf volumes varied
from 520 to 580 cos The mean loaf volume of the 30
samples were 546,33 co, with a probable error of a
single determination of 10,98 cce Thus, a sample would
have to be more than 35,14 cc. larger or smaller than
the check to be significantly different from ite, This
value was used to determine which samples were to be
baked in triplicate. A third loaf was Baked, if dupli-
cates differed from each other by more than 35 cc. in

loaf volume,

THE EXPANSION TEST

Formula:

Flour 150,00 grams

Yeast 6,00 grams

Sugar 5.25 grams

Salt 1.80 grams

Water According to absorption
Procedure:

The samples were prepared and mixed in the same
manner as described for the baking test except that the
doughs were mixed for one minute at low speed and three

minutes at medium speed,



After the dough was mixed,it was kneaded
into a ball, placed in a Chidlow expansion jar, and
pressed into the bottom to exclude air. The Jjar was
vlaced in the fermentation cabinet at 30 degrees C.
and covered with a glass plates The dough was then
allowed to rise for one hour at which time the volume
was reads The jar was removed from the cabinet and
the dough punched and pressed into the bottom of the
Jar which was again placed in the cabinet. The dough
was allowed to rise until the maximum volume was reached.
The volume was read at 15 minute intervals during the
second rise and reocorded.

Each day, two samples of flour were used as
checks and oorrections made on the volumes of the other

samples by dividing their volumes by the average volume

of the two checkse.

THE WHEAT MEAL FERMENTATION TIME TEST

Formula:

Wheat meal 10 grams
Yeast suspension 5 co.
(10 grams yeast and 100 coc,
distilled water)

Water Acoording to absorption
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Proocedure:

The meal for the wheat meal fermentation time
test was prepared by grinding the sample of grain with
a Wiley mill to a fineness that would pass through a
sieve of 1 mm, mesh, The yeast suspension was prepared
and allowed to stand in the fermentation cabinet at a
temperature of 30 degrees C., for 30 minutes before us-
ing.

In conducting the tests on the wheats grown
in 1931, the same absorption percentage was used for
each wheat as that of the flour milled from a sample
of the same wheats A uniform amount of water, 1 cc.,
was added to each sample of the meal in addition to
the water in the yeast suspension in preparing the
dough balls from the 1932 orop. This was done because
it was concluded that there is very little difference
in the absorption of different wheat meals and because
the samples did not vary greatly in original moisture
content,

The dough ball was prepared by mixing the
meal, yeast suspension, and water in a porcelain dish
with a porcelain spatula, Mixing with the spatula was
continued until the meal stuck together in a ball,



Then it was placed in the hand, kneaded, and rolled
into a ball, Next it was placed in the cabinet at
30 degrees C, in a 100 cc. beaker containing 80 cc.
of distilled water, The time of plécing the dough
ball in water was recorded and the time again re-
corded when the first fall of dough occurred.

The time in minutes, from the placing of the
dough ball in water until the first fall of dough oc-
ourred,was divided by the protein content of the wheat
meal sample to obtain the fermentation index of the

gluten strength,

STATISTICAL METHODS

In the discussion which follows, single de-~
terminations and means of several determinations are
compared on the basis of the probable errors. Values
are said to be significantly different from each other,
if the difference between them is greater than 3.3
times its probable error.

Coefficients of correlation were determined
between various tests to find to what extent any two
tests tended to measure the gluten strength in the same
manner., The coefficient of correlation "r" is inter-

preted on the basis of its probable error and Wright's (12)
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coefficient of determination "r2v, Babcock and Clau-
sen (13) state, "a correlation coefficient which does
not differ from zero more than four times its probable
error is considered as of doubtful significance cese™e

A coefficient of correlation in this investigation is
said to be significant if it is greater than four times
its probable error. On the basis of odds, this means
that the chances are 142 to 1 that the correlation is
due to factors other than chance alone. Wright reports
the coefficient of determination, "rz", as a measure of
the portion of variability of one of the variables which
is determined by the other. Immer (14) and Richey (15)
use "r?" to measure the esmount of variance of one fac-
tor due to another factor. Richey states that 100 rzxy
gives "the percentage of variance <. of X due to Y",
In this study, a correlation is said to be strong if r

is 71 or greater, which gives a coefficient of deter-

mination in percentage of 50% or more.

RESULTS AND DISCUSSION
VARIETAL CLASSIFICATION

The means, their probable errors, and ranks
of the protein determination, the volume of loaf, the
expansion test, and the wheat meal fermentation time
test for the five varieties of wheat are given in

Table II.
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THE PROTEIN DETERMINATION

The protein of wheat or the protein of flour
showed no significant differences between varieties
either yeare All of the varieties, however, were sig-
nificantly higher in 1931 than they were in 1932, More
variation in protein content is caused by seasonal con-
ditions than by differences in varieties in one season.
A great range of protein content of varieties might not
be expected because the varieties included in this study

are all soft wheats.

THE BAKING TEST

The baking test ranks American Banner signifi-
cantly lower than Red Rock in volume of loaf for both
years, lower than 912203 in 1931 and lower than Berkeley
Rock in 1932,

Red Rock was significantly higher than Bald
Rock as well as American Banner for both years, It was
also significantly higher than Berkeley Rock in 1931,
aind than 912203 in 1932,

Bald Rock, in addition to the differences men-
tioned was lower than 912203 in 1931, and lower than

Berkeley Rock in 1932,
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In 1932, Berkeley Rock was significantly
higher than 912203.

The baking test used in 1931 was different
from the one used in 1932 and comparisons of varieties

between the two years cannot be made for this reason.

THE EXPANSION TEST

The volume of expansion ranks American Banner
significantly lower than all of the other varieties in
1931 and lower than Red Rock and Berkeley Rock in 1932,
Red Rock was higher than Bald Rock and 912203 in 1932,
In 1931, Bald Rock was significantly lower than 912203
and lower than Red Rock and Berkeley Rock in 1932, 1In
1932, 912203 was significantly lower than Red Rock and
Berkeley Rock.

Between the same varieties for the two years,
there was a significant difference in only one variety,
912203, Although the protein contents were significant-
ly different in all cases, the two seasons did not pro-
duce much effect on the comparative volumes of expan-

sion.

THE WHEAT MEAL FERMENTATION TIME TEST

The wheat meal fermentation time ranks American

Banner significantly lower than the other varieties both
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years, Red Rock, in addition to being higher than
American Banner also was significantly higher than
all others except Berkeley Rock in 1931 and higher
than 912203 in 1932,

Bald Rock was significantly different from
all of the other varieties in 1931, being higher than
American Banner and 912203 and lower thamn Red Rock
and Berkeley Rocke In 1932, it was significantly
higher than American Banner,

In 1931, 912203 was significantly different
from all of the other varieties being higher than
Ameriocan Banner and lower than the other three, 1In
1932, it was significantly higher than American Banner
and lower than Red Rock.

Berkeley Rock was significantly higher than
all pthers except Red Rock in 1931 but,in 1932, it was
only significantly higher than American Bannere

The wheat meal fermentation time test in 1932
showed fewer significant differences than it did in 1931,
This is largely because 912203 and Berkeley Rock had
such high probable errors in 1932,

These samples contained some mixtures of other
varieties of wheat, It may be that the time is changed
considerably by such small percentages of mixtures that

the other tests would show no differences.



GENERAL DI SCUSSION

Any one of the tests with the exception of
the protein determination is sufficiently reliable to
separate American Banner from Red Rock. The other
varieties are so nearly alike in their reactions that
the tests do not tend to separate them,

The protein determination of both wheat and
flour ranked Berkeley Rock first and American Banner
£ifth both seasons although it did not show significant
differences between them. The other three varieties
were not in any definite order.

The volume of expansion is the least constant
in ranking the varieties, It showed both seasons, how-
ever, that American Banner was significantly lower than
Red Rock and Berkeley Rocke

Volume of loaf data from the two years indi-
cate that Red Rock is stronger in gluten than either
American Banner or Bald Rocke. Bald Rock, 912203, and
Berkeley Rock cannot consistently be separated from
each other or from American Banner,

The wheat meal fermentation time test is the
most constant in determining varietal differences of

the three tests that show significant differences
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between varieties, Berkeley Rock was the only varie-
ty that differed significantly between seasons, As
was pointed out before, these differences may have
been caused by mixtures. The other four varieties,
American Banner, Red Rock, Bald Rock, and 912203 were
in the same order both years and the values did not
change to any marked extent.

The relative merits of the different tests
are further shown in Table III which gives the num-
ber of cases in which significant differences were
indicated between varieties, There were no signifi-
cant differences indicated by the protein of wheat
or the protein of flour. The volume of loaf and the
volume of expansion indicated significant differences
between varieties in five cases in 1931 and ih six
cases in 1932 out of a possible ten, or a total of
11 cases out of a possible twenty. The wheat meal
fermentation time test indicated significant differ-
ences in nine cases in 1931 and 4 in 1932 out of a
possible 10, making a total of 13 cases out of a pos-
s8ible 20 for the two yearse,
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Table III. Significant differences between varieties
indicated by five tests of gluten strength.
Year Protein |Protein Volume |Expansion| W.M.F.T. [Possible
of wheat |of flour |of loaf test test number
1931 0 0 5 5 9 10
1932 0 0 6 6 4 10
Total 0 0 11 11 13 20

LOCATION CLASSIFICATION

The data on the four tests of gluten strength,
protein content, volume of loaf, volume of expansion, and
wheat meal fermentation time, which were obtained from
samples from the over-state trials were analyzed statis-
tically to determine the relative effects of environment
and variety, These data are given in Tables IV, V, VI,
and VII, Sections A and B of each Table include the
gluten strength in units of the particular test for each
variety at each location, the location averages, the va-
riety averages, and the season averages. Section C shows
the maximum differences between location averages, sec-
tion D the maximum differences between variety averages,

Section E the maximum range of any variety at different



locations, and section F the maximum range of differ-
ent varieties at the same location. Section G shows
the standard deviation which was calculated from the
deviation of each sample from its variety mean as
described by Hayes and Garber (8). Section H shows
the average deviations in units of the test from the
location and the variety means., The average deviation
from variety means was calculated from the individual
deviations used in calculating the standard deviation.
The average deviation from location means was calcu-
lated in the same manner from individual deviations
from location means.

The effect of season on each test of gluten
strength is shown by the differences between the sea-
son means. Three of the locations for the trials,
East Lansing, Lake City, and Monroe, were the same both
seasons which permits a comparison of means at these
locations.,

Significant differences, on the basis of pro-
bable error, are those in which the odds are 30:1 or
more that the differences are due to factors other than

chance,
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Locations and varieties are referred to in

Tables IV, V, VI, and VII as follows:

Varieties Locations

American Banner A.B. East Lansing M.S.C.

Red Rock R.R. Lake City L.C.

Bald Rock B.R. Monroe Monroe

912203 912203 Augusta Aug,

Berkeley Rock Berk. Eagle Eagle
Lake Odessa Odessa
Coldwater Cold.
Marlette Marl,
Jasper Jase

THE PROTEIN DETERMINATION

The protein content was affected more by lo-
cation than by variety, as is indicated by the data in
Table IV, There was a greater range between location
averages both years than between variety averages. The
maximum differences between high and low location aver-

ages were significant but the maximum differences between



Tsble IV. Percentages of protein of five verieties of wheat at six locations in the over-stete trisls, and other velues for the stetistical
interpretation of the deta.

A. Season of 1931

MeSeCo Monroe Leke City Augusta Eegle | Leke Odessa Veriety Mean Season Mean
Americen Banner 1,17 9458 13.42 1.40 2.16 12,1 11,64
Red Rock 0,70 9.88 »5 1,01 4.34 | 11.6. 12.02 o
Beld Rock 2,56 0,21 + 8¢ 2.04 2.79 12,3 12.31
912203 0,78 0431 4432 1,79 3428 12,26 12.12
Berkeley Rock 2407 0,50 4463 12,11 379 12.74 12.64
Iocation Mesn 11,46 0.10 14,16 11.87 327 12.22 12,15

B. Seasson of 1932 i

MeSeCo lonroe Leke City Coldwater | Merlette Jasper Veriety meen Season mean 2
American Benner 9,19 ] 9. 0455 10,20 9,78 '
Red Rock .44 9.43 9.42 10. 1.82 L 0,05
Bald Rock 9,68 0., 2! 9459 9 0.94 11,75 0.32
91220 9.96 0.7 9.91 10,24 1.40 11,06 0,56
Berkeley Rock 10,32 043 9.83 10,0 2,71 11,50 0.79
Iocetion Mean 9.85 10, 0. 9469 9.85 1.48 11.13 10435

. Meximum differences between location averages D. Meximum differences between variety aversges
Hi, Low High Low
Yeer Location | Aversge Location Average Differsnce Veriety Average Veriety Averege Difference
1931 Lake City | 14,16 lonroe 10,10 4,08 Berk, 12,64 A.B. 11.684 1.00
1932 Merlette | 11.48 Lake City 9.69 1.79 Berk, 10,79 AJB. 9.78 1,01
E. Meximum renge of sny veriety st different locations. F. Meximum range of different verieties at the seme lpcetion SRR,
Hi Low High Low
Yeer Veriety Location Protein Location | Protein | Differcnce| Locetion| Veriety | Protein Veriety Protein Difference
1931 R.R. lake City 14,57 Monroe 9.88 4.69 Eagle ReRo 14.34 A.B. 12,16 2.18
1932 Berk. Merlette 12,71 Leke City 9.82 2.88 Merlette Berk, 12,71 A.Be 10.55 2.16
. Standard Devietion H. Average deviations from means
All Locations All Verieties
Year Per cent Protein | Per cenf gf Season | Per cent Protein Per cent of Season Mean
1931 1.35 +45 3.7 1.08 8.9
1932 .81 243 4.2 +87 645
*Not included in averages.
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the high and low variety averages were note. There
were greater differences between the protein contents
of one variety at different locations than between
those of different varieties at the same location.

The differences between protein contents of one va-
riety at different locations were significant but those
between samples of different varieties at the same lo-
cation were nots The average deviation of all samples
from their location means was lower than the average
deviation from their variety means.

There was a seasonal effect on protein con-
tent as i1s shown by the significant difference between
the average protein contents for the two years. Signi-
ficant differences were also shown between the location
averages at East Lansing for the two seasons and between
the location averages at Lake City. At Monroe, the aver-
age protein contents for the two seasons were not signi-

ficantly different from each other,

THE BAKING TEST

The volume of loaf is affected less by loca-

tion than by variety, as is shown in Table V. There was



Teble V.

Volumes of loaf of five verieties of wheat at

interpretetion of the data.

gix locstions in the over-state triels,

end other velues for the stetistical

L. Season of 1931
1 M.5.0. | Monroe | Leke City Augusta Bagle Laki gdessa Ver;’e};g Meean | Season Meean
Amerficen Banner 1710 1740 | £80 1775 1795 603
Red Rock ‘ 980 16860 | 970 1960 1880 1990 1940 et
Bald Rock 735 1735 800 1830 1940 1895 1822
912203 | 1860 1 1960 | 2070 000 | 2070 1820 963
Berkeley Rock | 03 | 1755 6865 | 820 | 1930 1943 852
Iocation Meen { 1818 | 1810 | 1917 | 1877 | 1923 1850 1866
B, Season of 1932
| M.S.C. | WMomroe | Leke City | Coldweter | MNerlette | Jasper Veriety Meen Seeson Mean 5

Americen Banner | * | 544 | 5 | 50 { 525 1 528 526 -
Red Rock 1 606 | 595 591 80 [ 17 | * 602
Bald Rock | 528 540 | 534 52! 39 | 526 533
912203 1 508 | 535 553 50! 10 | 593 | 534
Berkeley Rock 1 00 | 575 | 597 543 554 | 596 ! 578
Locstion Mean 61 1 557 1 568 538 549 1 561 555
C. Meximum differences between location averages D. Maximum differences between veriety averages
Year Hi Tow High Low

Tocation Location | _Average Difference | | Veriety Average | Veriety| Average [ Difference
1931 Eagle lonroe 1810 133 1963 1750 213
1932 Colawater 538 30 ReReo | 608 = | i AeBeu] 526 | 76

E. Meximum renge of one veriety &b different locations F. Meximum range of different verieties st the seme locetion

Hi Low High Low

Yesr Variety TIocation Vol. of loaf | Location | Vol. of loaf Difference| Locetion | Veriety | Vol. of loef |Veriety|Vol.of loaf|Diffex
1931 A.Be | Leke City 1880 Odessa | 1603 277 Odessa |  ReRe | 1990 AoBe 1603 387
1932 912203 [Jasper 598 Coldwater| 507 86 [ M.5.6e | R.Re | €06 912203 508 98

G. Standerd Deviation H. Average devistions from meens

Location means Variety means
Year - | Vol;g{ loaf | Per cent of season mean Vol. of losf Per cent of season mean
1957 S == ‘I <1 L 3.Z
Tot Included in averagess - = _ 2D




Table VI. Volumes of expansion of five varieties of wheat at six locations in the over-state trials, and other velues for the ststistical
interpretetion of the data.

A. Seagon of 1931

10.8.C, lonroe Leke City Augusta __Eagle Leke Odessa | Veriety Mean Seeson Mean
Americen Benner 845 880 850 920 890 820 867
Red Rock 980 1015 935 1000 935 1015 980
Bald Rock 935 65 950 970 1030 945 949
912203 75 90 1105 1080 1140 985 1046
Berkeley Rock 90 10 1000 1050 1035 1030 1002
Location Mean 45 932 968 1004 1006 959 969
B. _season or I1USZ
MeSsCo Monroe Lake City Coldweter Merlette Jasper Variety Mean Season Meen

Americen Banner £3 87! ¥ 905 951 952 9
Red Rock 992 98! 108; 1076 1048 * 10:
Bald Rock 936 90! 100 848 90! 902 9
912203 855 894 9. 875 94 952 905
Berkeley Rock 1008 994 11 963 10 1080 1041
Location Mean 948 930 10! 933 984 972 965

C. Maximum differences between location averages D. Meximum differences between veriety averages

Low High

Year Iocation Average Location | Average Difference Veriety | Average Variety Averaege Difference
1931 Eagle 1008 Monroe 932 74 912203 1046 AJBe 867 179
1932 Leke City 1035 Monroe 930 105 Berk, 1041 912203 905 136

E, Maximum renge of one veriety et different locations F, Maximum range of different verieties st seme locstion

H: Low High Low
Year Veariety Location ension | location| Expension |Difference| Locetion |Variet Expansion Veriety Expansion Difference
1931 (1 BeRs Eegle 1030 Monroe 865 65 Leke City| 912203 1080 A.Be 920 160
——&) agle 1140 1, 5.C, 975 65
1982 | Berk. g ¥ TIZ7 — Coldwetey _ 983 84 | Coldweter) ReR. 1076 B.R. €48 228
G. Standard deviation H. Average deviestions fram the means
E Iocation Meens Veriety means
ear ansion Per cent of meason meen ension Per cent of season m
57 E";PB.Q 53 Erpﬁ £ n mean
o2 45 59 6ol 39 4.0
*Not included in everages.
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Teble VII.

the statistical interpretstion of the data.

Wheat meal fermentetion time of five verieties of wheat at six locstions in the over-state trials, end other vslues for

A. Season of 1931
MeSeCo lMonroe Leke City Auguste Eegle Lake Odessa Veriety Mean Season Mean
American Banner 27 29 38 2€ 25 27 29
Red Rock 69 50 157 144 6 Tl 154
Bald Rock 32 22 112 FY 154 151 133
912203 24 35 64 0 80 100
Berkeley Rock 54 36 160 175 [ 141 167
Iocation Mean 21 114 108 113 126 108 115
B. Season of 1932
M.SeCo Monroe Leke City Coldweter Merlette Jasper Veriety Meen Season Meen

American Banner 3 28 » 28 0 25 28
Red Rock 160 133 156 38 125 3 142
Bald Rock 146 120 48 09 113 123 127
912203 34 99 51 0 91 85 91
Berkeley Rock 142 118 43 29 48 118 116
Locetion Mean 121 100 50 01 81 83 105

C. Meximum differences between location averages D. Meximum differences between veriety avereges

High Low High Low

Yeear Location | Average location Average Difference Veriety | Average Veriety Average Difference
1931 Eagle 150186 Leke City 106 Berk. | 157 A.Be 29 128
1932 Lake Cit: | 149 Merlette 8l 87 R.Re | 142 ABe 28 114

E. Maximum range of one variety et different locetions F, Maximum range of different verieties at the seme location

| High High Low
Year Veriety Iocation Time Location _1 me Difference | Location | Veriety Time Veriety Time Difference
1031 912203 Lonroe 35 Lake City 84 T MeSsCo ReRe 69 AeBe 27 42
1032 912208 Lake City| 151 MeS.Co 4 117 Coldwater ReRe 138 AJBe 28 10
. Standard deviastion H. Average devistions from means
Location means Veriety meens

Year Time Per cent of seéson mean Time Per cent of seeson meen
1931 16 42 3645 13 11.3
1932 25 30 2846 1% 168.2

-ue-
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locations than between samples of different varieties
at the same location. Differences in both cases were
significant,

There was but little scasonal effect on the
wheat meal fermentation time, as is shown by the simi-
larity of results for the two years. The only signifi-
cant differences produced between seasons was at Lake
City, and American Banner was not included in the 1932

average which may account for the high time wvalue.

GENERAL DI SCUSSION

The protein determination tends to measure
differences produced by environmental conditions of
location and season to a greater extent than 1t mea-
sures varietal differences,

The other three tests, volume of loaf,
volume of expansion, and wheat meal fermentation time,
tend to show varietal differences to a much greater
extent than location or seasonal although significant

differences are produced by changes in location,

CORRELATIONS

Coefficients of correlation were made be-

tween the different tests of gluten strength to deter-
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mine whether any two of the tests tended to measure
gluten strength in a similar manner and whether one

of the newer tests could replace the older ones.. These
correlations are given in Table VIII., Section A gives
the correlation coefficients between the different
tests when determined on all samples of all of the va-
rietiess Correlations of samples of American Banner,
Red Rock, and Bald Rock are shown in sections B, C, and
D, respectively. No correlations were determined for
Red Rock or Bald Rock in 1931 because there were not
enough samples of either variety.

All of the correlations in section A are
positive and all are significant with the exception of
those between volume of expansion and protein determi-
nation in 1931. Volume of loaf and volume of expan-
sion were strongly correlated both years. Volume of
loaf was strongly correlated with the wheat meal fer-
mentation time and with the wheat meal fermentation
time faoctor in 1932,

The correlations for American Banner in sec-
tion B include only three significant correlations.
Volume of loaf and volume of expansion show a signi-

ficant positive correlation in 1931, as do volume of
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loaf and wheat meal fermentation time. In 1932, there
is a strong positive correlation between volume of loaf
and volume of expansion, .

The correlations for Red Rock and Bald Rock,
in sections C and D, do not show any significant corre-
lations,. .

If all samples of the five varieties are com-
bined, the data give positive correlations, of which
most are significant, and some are stronge If the values
from only one variety are used, the data give very few
significant correlations. The range in gluten strength
within any one variety 1s probably so short, and the vari-
ability in methods of measurinz gluten strength so great,
that the correlations in most cases are not significant.
There was significant correlations both years between
volume of loaf and volume of expansion for American Banner,
Variations in technique may have had less effect on Ameri-
can Banner doughs than on doughs from the stronger varie-
ties which did not indicate significant correlations be-
tween any tests. In other words, the stronger the gluten
strength of a variety, the greater is the chance for varia-
tion due to methodse.

Correlations between volume of loaf and volume
of expansion indicate that the two tests are strongly cor-
related and that the expansion test can be used with suc-

cess to determine the baking strength of flours. It seems,
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however, that the expansion test has little, if any,
advantage over the baking test. Less flour 1is used

in baking "pup"™ loaves than is used in the expansion
test., The baking can be done as rapidly as the ex-
pansion can be determined. As many as 30 loaves were
baked in a day, and it would be difficult to make as
many or more expansion testse The routine of the bak-
ing is easier to follow than that of the expansion
test because a great number of readings have to be
made at very close intervals if many expansions are
made at one time, With the exception of an oven, just
as much equipment 1s needed for the expansion test as
for bakinge The volume of loaf is Just as accurate as
the volume of expansion as is shown by their coeffi-
cients of variability.

Correlations between the wheat meal fermenta-
tion time and the volume of loaf indicate that the two
tests tend, to some extent, to measure gluten strength
in a similar manner, The wheat meal fermentation time
has many advantages which the baking test does not have,
Flour does not need to be milled and very small amounts

of material, in relation to that needed for baking, are
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required, The test is also more simple, more rapid,
and requires much less equipment than is needed for
baking, These advantages make the wheat meal fermen-
tation time test valuable in the early selection of

wheat strains in plant breeding worke

SUMMARY

Methods of measuring the glutéen strength of
wheat, with particular attention given to the needs of
the plant breeder, have been studied in this investiga-
tion.

Four tests of gluten strength, the protein
determination, the baking test, the expansion test,and
the wheat meal fermentation time test, were made on 84
samples of wheat in 1931 and on 106 samples in 1932,

The ob jects were, first, to determine whether
different varieties of wheat can be separated into classes
of gluten strength by these tests; and second, whether
the same variety would produce differences in gluten
strength, measurable by one of these methods, when pro-

duced under unlike environmental conditions.



The protein determination and the baking test
long have been used as methods of determining gluten
strength, The expansion test and the wheat meal fermen-
tation time test are rather new and are not thoroughly
tested.

Data from the various tests were analyzed
statistically. The relation of the various tests to
each other were determined by the coefficient of cor-
relation, Means and single determinations were com-
pared on the basis of their probable errors,

The protein determination failed to separate
the varieties into classes either year., The variety
means in 1931,as well as the season means, varied sig-
nificantly from those of 1932, The protein determina-
tion was not strongly correlated with any other test in
any case, |

The baking test separated American Banner and
Red Rock into different classes of gluten strength both
years., Red Rock was also higher than Bald Rock both
years. Berkeley Rock and 912203 were not consistently
significantly different from each other or from the

other varieties, Location produced significant differences



in the same variety of wheat, These differences, how=-
ever, were smaller than those produced between varie-
ties, If all samples were combined, the baking test
was strongly correlated with the expansion test both
seasons and with the wheat meal fermentation time test
in 1932,

The expansion test separated American Banner
from all other varieties in 1931 and from Red Rock and
Berkeley Rock in 1932, In 1931, the mean of only one
variety, 912203, was significantly different from its
mean in 1932, Location produced significant differences
in the expansion test. These differences, as in the
baking test, were smaller than differences produced by
varieties. The expansion test, as indicated before,
was strongly correlated with the baking test. There
were significant, but not strong correlations, between
the expansion test and the wheat meal fermentation time
test if all samples were combined.

The wheat meal fermentation time test ranks
four of the varieties in the same order both years and
is the most constant of the tests in showing varietal

differences. More significant differences are shown by
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this test than are shown by any of the others. Lo-
cations have less effect on the time than do varie-
ties, The test, both years, showed significant cor-
relations with volume of expansion, with the volume
of loaf in 1931, and also a strong correlation with
the volume of loaf in 1932, if data including all sam-

pPles were used,

CONCLUSIONS

1. FVarieties affect the protein content of Michigan
soft winter wheats less than do locations or sea-
sons

2. Varieties affect the volume of loaf more than do
locations or seasons. The baking test, using
"pup" loaves, is probably more desirable than the
expansion test as a measure of gluten strength of
soft wheats.

3e Varieties affect the volume of expansion more than
do locations or seasons. The expansion test does
not have enough advantages to recommend its use in
place of the baking test, although it tends to mea-

sure gluten strength in a very similar manner,



4.

Varieties affect the wheat meal fermentation

time more than do locations or seasons. The
wheat meal fermentation time test is the most
constant of the tests in evaluating varieties.

It tends to measure gluten strength in somewhat
the same manner as do volume of loaf and the
expansion test, The test should be very valuable
in early selection of varieties because of the
small amount of grain needed for the test, the
rapidity witﬁ which the test can be made, and the
ability of the test to determine varietal differ;

ences,
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