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Work of the Department of Chemistry.

A large part of the work of the Department of Chemistry in the Ex-
periment Station is in cooperation with other departments, by contributing
the chemist's point of view in planning experiments, and in making the
chemical analyses incident to investigations. Among these investigations
are: Feeding experiments, conducted by the Department of Dairy Hus-
bandry; experiments touching soil fertility, in charge of the Department
of Agronomy; experiments in the study and improvement of wheat and
alfalfa, by the Departments of Agronomy and of Botany, and experi-
ments bearing upon the methods of handling and storing wheat, conducted
by the Department of Milling Industry.

Among the lines of work more completely in charge of the Department
of Chemistry are certain experiments touching the composition, digesti-
bility and nutritive value of feeds; milling tests of wheat, and baking
tests of flour; the collection and analysis of samples of soils, typical of
the various regions of the state; the inspection and analysis of fertilizers
sold in the state and the inspection and analysis of feeding stuffs sold in
the state.

Bulletins are issued from time to time as required, or as the results of
investigations warrant. These may be obtained without charge by ad-
dressing the Director of the Experiment Station, Manhattan, Kan.
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Milling Tests of Wheat and Baking Tests
of Flour.

J. T. WILLARD, Chemist.
C. O. SwANsoN, Assistant Chemist.

INTRODUCTION.

The testing of varieties of wheat is a line of experimental
work that was followed at the Kansas State Agricultural Col-
lege for years before the establishment of the Experiment
Station. After that the work was greatly enlarged, and by the
establishing of branch stations and cooperative work with the
United States department of agriculture the scope of ob-
servation was widened still more.

While these trials led to valuable results, it was felt that
milling and baking tests should be made on the varieties found
suitable agriculturally, in order to discover differences in the
usefulness of them, if such existed. To this end an experi-
mental reduction mill was purchased in 1905, and at a later
date an outfit for making baking tests.

Previous to this time work in the chemical department of
the College had thrown considerable doubt on the then current
statements concerning the determining influence of the per-
centage of gliadin and of the gliadin-protein ratio on the baking
qualities of flour. It was therefore planned to include in the
investigations a study of the chemical composition of the
wheats, and the flour produced from them, with a view to
learning more if possible concerning the chemical factors af-
fecting bread quality.

Mr. W. E. Mathewson, assistant professor of chemistry in
the College, and assistant chemist in the Station for a few
months, interested himself in the chemical side of this question,
especially with reference to gliadin, and his resignation to ac-
cept a position in the bureau of chemistry of the department
of agriculture was a distinct loss to this investigation in the
purely scientific lines.

The experimental reduction mill used was obtained from the

(33)
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Allis-Chalmers Company, Milwaukee, Wis. Its motive power
is a five-horsepower electric motor, which also runs the
scourer and the middlings purifier. Some modifications in the
mill were made to enable the product to be more completely
removed in the interest of quantitative accuracy. The disks
for setting the rolls were also improved by graduating their
peripheries. Pointers attached to the frame enabled the miller
to measure accurately the extent to which the disk was turned,
and to restore it to any given position.

The earlier work with the mill showed that, although flour
could be made with it, the quality, especially as to color, was
much impaired by dust and fine particles of bran. As the
quantitative comparisons of the milling value of different
wheats required operation under as good conditions as the
small scale of the process would permit, and a fair testing of
the flours produced required that they be free from impurities
of unknown influence on the results, it was deemed necessary
to introduce a middlings purifier.

The middlings purifier as devised and built is a combination
of ideas gleaned from various sources. In operation the
middlings fall repeatedly in a thin, even sheet and are sub-
jected to moving air of progressively less and less velocity.
The carrying power of the air current thus becomes less and
less and the middlings thus settle in the several parts of the
purifier considerably assorted according to size, while the fine
dust and bran particles are carried farther. The action of the
purifier has been found very satisfactory. A cut illustrating
it, and some further description of its use, are found farther
on in this bulletin.

In the further interest of obtaining a high quality of flour
a simple scourer was devised and constructed with which the
wheat was treated previous to grinding.

Equipped with the scourer and middlings purifier, and by
the exercise of unremitting care and attention, the little mill
has yielded us flour of very good quality, and we believe that
the baking tests made upon it may be regarded as unaffected
by any defects in the milling. The greatest defect is, of course,
the presence of but one set of corrugated rolls. With several
sets differing in their fineness, setting, etc., it would be possible
to do better work and especially to do it with far greater
rapidity and ease.

The samples of wheat awaiting grinding and the residues
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held in reserve, were kept in galvanized iron half-bushels pro-
vided with loosely-fitting covers. This excluded mice but
fumigation with hydrocyanic acid was found advisable to re-
duce insect pests. The products of milling were kept in screw-
cap Mason fruit-jars.

The baking outfit purchased was obtained of John Koelner,
but great modifications were made in its use. The oven is
electrically heated and susceptible of considerable range as to
temperature. The apparatus is further described at appro-
priate points in this bulletin.

In connection with the inspection work provided for by the
Kansas feeding-stuffs law we have had some opportunity to
collect information concerning the processes preliminary to
milling, by which wheat is prepared for grinding in some of
the Kansas mills, and it has been deemed of interest to in-
clude a statement of these in this bulletin before proceeding
with the account of our experimental work proper.

CLEANING WHEAT: A SUMMARY OF PROCESSES USED IN SOME
KANSAS MILLS.

Wheat as received by the miller from the elevators and farm-
ers contains many substances which must be removed before
it can be made into good flour. Among these substances are
bits of straw, chaff, various kinds of weed seeds, kernels of
other cereals such as oats, rye and corn; also sand and soil,
mud balls, bits of droppings from farm animals, and other sub-
stances whose nature depends on how the wheat has been
handled. Substances such as fine sand and soil get into the
crease of the berry and require vigorous treatment before they
can be removed, especially if the wheat has been exposed to
damp weather conditions. In that case the “mud” is dried on
the wheat berry. Besides, certain parts of the outside of the
wheat berry must be removed, such parts as the thin outer
bran coats and the fine hairs at the end of the berry.

ELEVATOR TREATMENT.

In general, wheat receives its first treatment in the elevator.
Here it is put through a receiving separator. The machine re-
moves the coarsest materials, such as the coarse sand, chaff,
straw, mud balls, shrunken wheat, kernels of other cereals and
dust. This machine is a very large fanning mill capable of
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handling a thousand bushels of wheat an hour, more or less, ac-
cording to the size of the elevator and the mill.

The receiving separator removes three classes of products,
(1) those removed by a strong current of air; (2) those sepa-
rated by screens;and (3) those which tail over the screens.
The first is made up of the chaff, small shreds of straw and
dust similar to the fine dust from the threshing machine. The
second is made up of shrunken and broken kernels of wheat,
weed seeds, heavier pieces of the wheat straw, kernels of other
cereals, particles of soil and grains of sand. The third is
made up of all the particles too heavy to be removed by the
current of air and too large to pass through the screens. In
this will be found grains of corn, pieces of corn cobs, pieces of
wood, mud balls, larger pieces of straw, portions of wheat
heads and poultry droppings.

TREATMENT IN THE MILL.

In some mills the wheat is sent directly into the mill from the
receiving separator, in others it is first put through a large
scouring machine. This is for the purpose of loosening the
chaff and dirt which clings to the wheat. This machine re-
moves chaff, bits of straw, fine particles of bran and germ,
small broken pieces of wheat kernels, weed seeds, broken pieces
of other cereals and dust.

When the wheat enters the mill proper it is put through the
milling separator. This is the first treatment given in the mill,
whether the wheat enters the mill directly from the receiving
separator or is put through the intermediate scouring process
in the warehouse. The milling separator removes three kinds
of products, and the operation of this machine and the nature
of the products are somewhat similar to those of the receiving
separator. (1) The tailings, similar to the tailings from the
receiving separator, but the amount is very small in compari-
son; (2) the screenings. While the nature of these screenings
is similar to those from the receiving separator, their quality
is much better. The larger per cent is made up of shrunken
and broken wheat kernels. There is comparatively little sand
and soil present. The rest consists mostly of bits of straw,
weed seeds and shrunken kernels of other cereals, mostly oats;
(3) the dust from the milling separator consists mostly of very
fine bran. Some is as fine as flour, from this it grades off into
larger sizes. A little chaff is also present.
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In some mills there are two and sometimes more milling
separators. But the materials removed from the wheat are in
the main like those described above, except that if there are
several separators the quality of these materials becomes
better in the second than in the first, and better in the third
than in the second, and so on. That is, the wheat becomes
more free from foreign matter and shrunken kernels all the
time, and as the worst impurities are removed by the first
machines, there is less for the other machines to do.

From the milling separator, or separators, the wheat passes
to the scourer. The principle on which this machine works is
mechanical agitation sufficiently violent to loosen all impurities
not previously removed. Besides loosening the impurities for-
eign to the wheat berry this machine knocks off the fine hairs
at the end of the berry and removes a portion of the outer
tissue of the wheat kernel. Chaff which so presistently clings
to the wheat berry that it has resisted the action of the other
machines is freed from the berry by the scourer. A few germs
are also set free. We have in the main two classes of materials
removed by the scouring machine. The first is scourings, con-
sisting of chaff, small pieces of broken kernels, germs and
pieces of bran. The second is scouring dust, which is mostly
fine bran and small particles of chaff.

From the scouring machine, the wheat goes to the tempering
bin. This has two objects. First, to toughen the bran so that
in grinding a large flaky bran with as little bran dust as
possible is produced. Second, to loosen any dirt which clings
so persistently to the outside of the berry that it has resisted
all the previous treatment. The wheat receives from one to two
per cent of water, depending on its hardness. This water is
thoroughly mixed with the wheat, usually by means of a screw
conveyor. The wheat stays in the tempering bin from four to
seven hours. From here it goes to the second scourer or brush
machine. The brush machine gives the wheat a gentler treat-
ment. The purpose of either machine is to put the final touches
on the cleaning process, and two classes of materials are re-
moved, scourings and dust. These two are very similar to the
scourings and dust obtained from the first scourer only they
are of a better quality. These scourings contain a large num-
ber of germs. The dust consists of very fine bran.

From the first scourer, and also from the second, we have
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tailings; those from the first consist mostly of shrunken and
broken pieces of wheat kernels besides some chaff. The tailings
from the second scourer consist mostly of broken kernels.
These are as clean as the wheat which goes to the rolls. These
tailings or screenings are sometimes sent to the lower breaks.
The processes of cleaning wheat will necessarily vary to 'suit
local conditions, but the above represents the average used by
the mills of Kansas. In some places and countries, the wheat
is covered with more or less mud, fine clay which adheres very
firmly to the wheat berry, and mixed with the wheat are found
mud balls and more or less gravel. To remove these, washing
devices are resorted to. This would be wet cleaning. When
the wheat is washed in water it must be dried before it can be
milled. Great care must be exercised by the miller so that the
wheat does not become too wet, or that in drying it is not
overheated, as either would injure the flour produced.

THE EXPERIMENTAL MILLING OF WHEAT.

Wheat used in these milling tests is clean, as that term is
ordinarily understood. That is, it is as free from impurities as
the ordinary fanning mill can make it. But the wheat which
appears clean usually has considerable dirt in the crease. This
dirt as well as the fine hairs at the end of the berry must be
removed if white flour free from specks is to be obtained. One
of the ever-present difficulties in the production of white flour
is the continuous production of bran powder. This can be
seen if a few kernels of cleaned wheat are left for some time
on a piece of white glazed paper. Wheat that is thoroughly
cleaned by all known processes will still continue to give off this
bran powder. The presence of these specks can be avoided
only by use of the very best machinery suited to the different
grades of stock produced in the milling process. The scourer
used in these tests removes the crease dirt, a considerable por-
tion of the outer bran coat, and the fine hairs at the end of the
berry, The fine bran powder produced in making the breaks
gets into the break flour and the middlings. To remove the
bran powder from the break flour is not practicable, but from
the middlings most of it is removed by the purifier.
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SCOURING.

The principle of the process of scouring as used in these
tests is mechanical agitation sufficiently violent to shake out
the crease dirt and knock off the fine hairs. The mechanical
construction of the scourer employed in our laboratory is
simple. Plates 2 and 3 show some of its details. Six paddles
made of heavy sheet iron are fastened to an iron pulley. This
wheel including the paddles is 18 inches in diameter and re-

]

PLaTE 2. (o) Form of section through scourer. (b) Section of perforated iron
surrounding part of the scourer.

I+ L N |

PLATE 3. (¢) Box frame inclosing essential parts of secourer. (d) Outlet to ex-
haust fan. (e) Opening for introduction of wheat. (f) Opening for the removal
of wheat. (g) Space around scouring chamber. (k) Revolving paddle wheel. (i) Open-

ing to remove heavy particles removed in scouring.
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volves at a rate of 400 revolutions per minute. The wheel is
enclosed by a perforated iron (b) bent around two heavy cir-
cular boards (a) 18'inches in diameter. These are not com-
plete circles but shaped like (a). The whole is then enclosed
in a tight box (C), which is connected at (d) with the exhaust
fan. The paddles come within one-fourth inch of the sides of
the perforated iron. The enclosing sides are lined with sheet
iron. The wheat is put in at (e) near the eye of the wheel.
This small opening is covered with a removable piece of per-
forated iron to prevent the wheat from being thrown out.

The process of scouring is carried out as follows: The ma-
chine is started empty, then the wheat by means of a funnel
scoop is poured in at the opening made for the purpose. The
paddles take the wheat from the lower part, carry it around the
half circle, where near the top, on account of the inclosed space,
the wheat is thrown against the perforated iron, from whence it
rebounds and falls to the bottom. This process is repeated at
the rate of about 400 times a minute. The wheat also receives
more or less rubbing against the perforated iron as well as
against itself. This violent agitation loosens all the dirt, shakes
it out from the crease, and brushes off the small hairs at the
end of the berry. The inclosed space (g) is connected with the
exhaust fan at (d) and the air enters the scourer at (e). The
suction of the exhaust, together with the motion of the paddles,
creates a strong current which carries the loosened dust and
dirt from the wheat through the perforated iron (b) into
the inclosed space (g), thence to (d) and the exhaust fan.
Heavier particles can be removed from opening at (i). The
exhaust fan is the same one as is used in connection with the
purifier described later. When the wheat is scoured it is re-
moved through the opening at (f). This machine is made
with a capacity of scouring 2000 grams at one time. The
length of the time of treatment depends on the character of
the wheat, being usually from one to four minutes. The wheat
is weighed before and after scouring. The loss in scouring
varies from 20 to 60 grams on 2000, or one to three per cent.

TEMPERING.

After scouring, the wheat is tempered. The average amount

of water used for 2000 grams of hard wheat is 50 cc. The

amount depends on the hardness and the moisture content.
For durum wheat 75 cc. or 100 cc. may be necessary. The
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moisture as determined in the dry grain may be the same in
two wheats, one hard and the other soft, yet the amount of
water needed for tempering the hard wheat is at least three
times that used for the soft. Some millers use no water what-
ever for soft wheats. The wheat is put in a shallow three-
gallon earthenware jar and the probable amount of water
poured over it. Experience and judgment only can determine
how much water to put on. After adding the water the wheat
is stirred very thoroughly so that the moisture is evenly dis-
tributed. The jar is well covered and left for four hours be-
fore the wheat is milled. If this does not fit in with the work-
ing hours, the wheat may be partially tempered the evening
before, when three-fifths of the probable amount of water
needed is used, and the rest is added at least half an hour be-
fore grinding. This time is sufficient, providing that the water
last added is not too large in amount. If this is the case a
longer time is necessary. The practice of putting on the water
in two successive portions is better for the inexperienced than
using the one application as the correct amount of water
needed can be gauged more accurately. It is not good practice
to use all the water the evening before as proportionally too
much water penetrates the interior of the berry and the bran
partially dries again. In using the water in two portions the
bran gets a relatively larger amount of moisture. This is a
desirable condition as one of the main objects of tempering is
to toughen the bran.
GRINDING.

The mill used in our laboratory has two stands of rolls, one
smooth and the other corrugated. The corrugated rolls have
eighteen corrugations to the inch. All the rolls are six inches
in diameter and six long (6x 6). The corrugated rolls grind
dull to sharp. The meaning of these terms can be seen by the
accompanying illustration. In the illustration the teeth are
very much exagerated. In reality the shape of the corruga-
tions is nearly the same on both sides and it requires close
inspection to determine which way the rolls are set to grind.
The fast roll of the corrugated pair runs a little more than
twice as fast as the other. This has the effect of splitting the
berry and then shaving the bran. The slow corrugated roll
makes less than 200 revolutions per minute while the fast
one makes over 400. Before starting the mill the rolls must


IET n/a



H'S\()(\Ca\ pocy ner ‘l .
gricutura! periment S

44 ‘ Department of Chemistry. [Bull, 177

be parallel. This adjustment is partly secured by means of
large screws on the sides of the rolls. These adjust the rolls
so that they are in the same plane. Whether or not the rolls
are in the same plane is determined by means of an iron plate,
one face of which is exactly plane. This is called a face plate.
The first adjustment is proper when this plate touches a line
in each roll at the same time. The face plate will then rest
firmly on the rolls. This adjustment once made need not be
attended to again unless the screws should become loosened.
After the rolls are in the same plane they must be set so that
they are parallel. This is done by means of circular and grad-
uated dish. By means of the lever the rolls are thrown apart.
A thin strip of cardboard is held between the rolls one at a
time. The rolls are thrown together with the lever. The
disks are now turned until the rolls touch the cardboard equally
at both, ends. When the rolls are parallel they are then set
the proper distance apart to suit the stock fed into them. This
setting has to be done every time the stock is changed. In
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PLATE 6. Diagram ﬂlustratmg a step in the process
of grinding, sifting and passing to further processes.
See text for explanation.
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setting the rolls the adjustment is made accurate only when the
setting disks are turned in the same direction.

Plate 6 represents one step of a milling process diagram-
matically, and the flow sheet shown in plate 7 shows the suc-
cession of such processes that the material passes through.

The circles with cross lines represent the corrugated rolls.
When these circles have no parallel cross lines the smooth rolls
are represented. The Roman numerals above the rolls indicate
the break number or the reduction number. The rectangle
below the rolls represents the sieves which perform the duties
of scalping, grading and dressing. The stock from the break
rolls is scalped and graded and the stock from the smooth
or reduction rolls is dressed and graded. In this mill the same
sieves are used for the different operations. The stock from
the break rolls is graded at the same time that it is scalped.
The above figure represents five sieves placed one above the
other. They have a gyratory motion and work similarly to
the plansifter. The numbers in Arabic numerals refer to the
number of wire cloth or the number of silk bolting cloth used
in the sieve. Each sieve has an area of 13 x 13 inches. The
number of sieves used is thirteen. Numbers 16, 18 and 20
are made of wire cloth. Numbers 30, 44, 50, 64, 68 and 70
are the bran and shorts sieves. Numbers 9, 10, 12 and 14
are the flour sieves. The fineness increases with the higher
numbers, but one must understand that the flour sieves are in a
different series from the others. Symbols to the right of the
rectangle show where the stock goes after being scalped or
bolted on the sieve. Thus — P means that the stock goes to
the purifier, and — XIIl means that it goes to the break or
reduction number indicated by the Roman numerals. The
combination of the two — P — XI means that the stock first
goes to the purifier and after being purified goes to the re-
duction indicated by the Roman numerals. A mark like this
—s P’ XII means that the stock may be sent directly to the
rolls without going through the purifier if the amount milled
is very small. In this case the amount of stock is too small
to be successfully handled by the purifier. The mark 56

means that the stock has not been sufficiently reduced by the
last reduction and is sent back to the rolls set a little closer.
When the rolls have to be reset for every reduction it is not
always possible to set them to grind to the desired fineness,
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especially with the coarser middlings. When the milling is
continuous the rolls can be adjusted properly and thus need
of repetition is avoided. With the coarser middlings there is
more danger of grinding too close than not close enough. If
too close grinding is practiced it cannot be remedied. But if
the grinding is not close enough the rolls are set a little closer
and the stock is fed to them again. This last statement may
apply to any part of the reduction process.

The system of milling is long or short according to the
number of breaks and reductions used. With the longer sys-
tem a more complete separation is effected. In the short
system more flour goes into the bran and shorts. In the plan
outlined below five breaks and fifteen reductions are indicated.
As the work has all to be done on two sets of rolls and on dif-
ferent wheats, the number of reductions and also the breaks
varies somewhat. If the same kind of wheat were ground
from day to day and the hygroscopic condition of the air were
constant, we could fix a flow sheet from which but little varia-
tion would be necessary. But in grinding different kinds of
wheat, some hard, some soft, some with relatively high mois-
ture content and some low in moisture, some days damp and
some days dry, it is necessary that the flow sheet be varied. In
the large mill, where the process is continuous and the number
of rolls corresponds to the number of breaks and reductions,
the flow sheet is constant and the rolls are changed in their
setting to suit varying conditions.

The Breaks.

First break: The cleaned, scoured and properly tempered
wheat is put in the hopper. The feeding in both sets of rolls
is accomplished by means of a small corrugated roll placed
above the other rolls. The rate of feed is regulated by a feed
gate controlled by a cam so placed that the rate of feed can
be very accurately controlled. The rolls are set so that the
wheat berry is split open. Roughly, every berry is broken into
four parts, very irregular of course; some kernels are split
open, and from some large numbers of different sized, irre-
gular fragments are produced. The material from this break
is sifted over No. 16 wire cloth. That which passes through
is combined with similar material from the second and third
breaks, and all are scalped and graded together as indicated
in the flow sheet. Very little flour is made in the first break.
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If it were desired to secure the flour from the first break, the
three sieves 16, 64 and 12 could be used as indicated in plate 8.
This would give us two grades of middlings as well as the
break flour. If sieves 12, 64, 50, 30 and 16 were used we would
separate the middlings from the first break into four grades.
The separation of the break flour and the grading of the
middlings from the second and third breaks can be effected in
the same manner. The material which does not pass through
sieve No. 16 is sent to the second break.

Second break: The rolls are now set closer, from one-half
to two-thirds of a turn of the disk. The berry now being split
open the object is to break out the inside of it. The purpose
of the first three breaks is to loosen the germ, make the maxi-
mum amount of middlings by separation of the endosperm
from the bran, and to produce the minimum amount of break
flour. The product of this break is sifted over No. 18 wire
cloth. The material which passes contains a much larger pro-
portion of endosperm than that of the first break, and a lesser
proportion of branny particles after scalping. The material
left over No. 18 wire sieve, i. €., that which does not go through,
is sent to the third break. The branny character of the material
begins to be evident.
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Third break: The rolls are set closer again by one-half to
two-thirds of a turn of the disk. In starting the mill the
position of the disks when the rolls run as close as possible
is determined. Then for the first break they are turned out
four-thirds. This is the position for ordinary hard winter
wheat. For some large wheats nine-sixths or five-thirds may
be necessary and for smaller grains seven-sixths may be cor-
rect. When the rolls have been set for the first break, de-
termine how far the disks are turned. From this subtract
one-sixth. Divide the remainder into two parts. For the
second break turn as much as one of these parts and for the
third break bring the rolls to one-sixth of a turn of the disk
from the point where the rolls touch. In the third break the
object is to shave off all the endosperm possible without making
too much bran dust. Considerable flour is made in the third
break and the middlings are finer than in the first and second
breaks. The branny particles are also finer than in the first
two breaks. The material from the third break is sifted by
wire cloth No. 20 and what remains over this goes t0 break
IV. This material is quite branny. Endosperm is found only
in portions of the bran.

Fourth break: The rolls are now set so that one-eighteenth
of a turn of the disk would bring them together. Very little
flour is produced. The flour is very fine and yellowish in ap-
pearance. More bran dust and fine bran is produced than in
the previous breaks. The material from break IV is sifted
over No. 30 wire cloth and what remains over this is sent to
break V or the last break.

Fifth break: The rolls are now set as close as they will
grind. The material that goes to break V is barely distinguish-
able from bran; it has a few larger particles of endosperm
and feels a little sharper. When it has passed through the
fifth break the feel of it will be quite soft. When it is remem-
bered that bran is one four-hundredth of an inch thick, it is
seen that the adjustment necessary to complete the grinding
on the corrugated rolls is quite delicate. The setting for the
fourth and fifth breaks must differ with thick- and thin-
skinned wheats. What has been said applies to varieties of
hard Kansas wheats. The chop from the fourth and fifth
breaks is sifted over 44, 50, 70 and 12 cloth sieves as indicated
in the flow sheet. The flour is very fine, yellowish, specky and
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very nitrogenous. What is left over the No. 30 cloth in the
fifth break constitutes the coarse bran.
Purification of Middlings.

The middlings from over Nos. 30, 44, 50 and 64 sieves are
put successively through the purifier, a section of which is

shown in plate 9, or I, I, Il is first purified, then 1, 11 IlI,
30 44
I, 111, 1, 11, 11 are combined with VI, VI and VII;
50 64 44 50 50

VI, VII and VII respectively. By an inspection of the flow
64 64 64

sheet, it will be seen that these middlings are of the same grade
as I, I, 1, VI, VII and VI, VII, VIII, and can therefore be

44 50 64

treated together, both in the purifier and the subsequent milling
processes. However, the finer middlings produced from the
coarser sizings are purer than those obtained direct from the
break material. The hopper and feed-roll of the purifier are
identical with those of the mill. The essential feature is to se-
cure an even, regular feed which can be varied to suit the dif-
ferent grades of middlings. The purifier works on the principle
of an aspirator. The middlings as delivered from the feed-roll
fall at point a. From here they slide into a series of chutes.
The air enters at points b, narrow slits one-half inch by five
and one-half inches. At points ¢ the air can go down e or up
at d. As the opening upward is larger most of the air will be
deflected this way and pass through the sheet of down-flowing
middlings. The position of e also helps to deflect the air up-
ward. The heavier middlings will continue down another
chute, while the light particles will be carried over into
chamber B, whence they will fall into the pan below. It is
seen that the air passes through the middlings four successive
times, the last time all the air passes through the middlings.
The heaviest and best middlings fall into A. Only these are
used in the production of patent flour. AS the air passes into
E, C and D it expands more and more. In this way the puri-
fier acts as a dust collector. E,F,G and H are obstructions to
catch the dust. E and G are movable so that the openings be-
tween xy and mn can be regulated. The air suction is pro-
duced by means of an exhaust fan placed at the end of the
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PLATE 9. Vertlcal section through middlings purifier.

machine, and to the fan is attached a dust collector not shown
in figure.

In these tests very little dirt passed over into the dust col-
lector. The material collected in D was mostly fine flour
dust; in Cit was flour dust and very fine particles of bran. In
B the material is fairly good, but is used only in the production
of low-grade flour and tailings flour. Material from B is
added to XVIII, and material from C and D is added to XIX
of the flow sheet.

The purpose of the purifier is to remove the fine bran
particles from the middlings, otherwise they would be ground
to bran powder and so find their way into the patent flour. In
a large milling system purification is carried on to such an ex-
tent that bran powder finds its way only to the poorest grades
of flour.

When the fine material from the first three breaks has been
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sifted, the different grades are removed from the sieves and
placed in properly labeled pans. In these tests four-quart
milk pans were found convenient. When the different grades
of middlings have been removed from the sieves these are re-
placed as shown in VI of the flow sheet.

Reduction.

The treatments given by the corrugated rolls are called
breaks, those given by the smooth rolls are called reductions.
To avoid confusion in numbers these treatments are numbered
consecutively on the flow sheet. Thus the reduction designated
by VI is the first treatment with the smooth rolls. However,
not all middlings are treated at this point, as will be seen by an
inspection of the flow sheet. Some of the middlings produced
are not treated till the reduction designated by X. As in the
breaks, some flour is produced in each reduction, consequently
some flour has passed the smooth rolls but once.

The material from the first three breaks which has passed
wire sieves Nos. 16, 18 and 20 is combined and sifted over
cloths 30, 44, 50, 64 and 12. The fine material from each of
these three could be separately sifted and graded and the re-
sulting grades treated by themselves This would be desirable
in case a comparison was desired of the break flour with the
flour produced from the middlings from each break. Other-
wise the separate treatment is unnecessary in the production
of flour. The object of this sifting is twofold: First to re-
move all the fine flour from the middlings, since otherwise a
large part would be lost in the process of purification. Second,
before successful reduction is possible the middlings must be
separated into lots in each of which the particles are of nearly
the same size. If coarse and fine middlings are sent to the
rolls together the fine middlings will be entirely untouched
if the rolls are set to treat the coarse middlings properly, and
if the rolls are set close enough to treat the fine middlings the
coarse will receive too severe treatment. Coarse middlings
can be spoiled beyond recovery by too close grinding.

In setting the rolls for the reductions, we first make sure
that the rolls are parallel, using the method mentioned above.
Then we determine the position of the setting disks when the
rolls are together or touch. The disks are divided into seventy-
two parts, so that one division is one seventy-second of their
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circumference. Both the smooth and corrugated rolls can be
tightened beyond the point where they come together. In the
later reductions of middlings the smooth rolls are tightened
several degrees beyond the point where they touch. This can
be done without harm to the smooth rolls but would ruin the
corrugated. For convenience in description, when the disks
are so turned that the rolls are farther apart than the point
where the rolls touch, we will call the position “out,” and when
they are tightened closer than the point of contact we will call
the position “in.”

The smooth rolls have a differential of 7 to 10, that is, the fast
roll makes ten revolutions while the slow one makes seven.
While these are called smooth rolls, they are not perfectly so,
and for a purpose. The dull finish enables the slow-moving
roll to hold the particles of middlings a trifle while the fast-
running roll crushes it with a rub. It is a question worthy of
serious consideration in large milk whether the rolls used on
some middlings should not have a very fine corrugation, say
100 to the inch, instead of being smooth as they are now. The
action of the smooth rolls is not mashing, but a crushing rub
repeated several times. Each time a particle of middlings is re-
duced it becomes smaller, and some flour is crushed and rubbed
off. It is this action which produces the well-known granula-
tion of patent roller flour, especially if milled from a hard
wheat. As compared with the flour produced from the best of
the middlings, called patent flour, the break flour from the first
three breaks is of a fine texture and of a bluish-white tinge
and contains a relatively larger number of specks from bran
powder. As a rule the break flour is not put in with the best
patents. Soft wheats produce a larger per cent of break flour
and a smaller per cent of flour made from middlings, as com-
pared with the hard wheats. In milling all wheats it is desir-
able to produce as little break flour as possible.

As can be seen from the flow sheet, each reduction produces
a series of products; some flour, middlings of various grades
and tailings, or such materials as are taken off from the same
number of sieve from which the middlings just reduced were
taken. The finer middlings produced from the coarser mid-
dlings are placed with the same grade and size of middlings
obtained in the processes of the breaks. From the earlier
reductions the tailings still retain a considerable portion of the


IET n/a



iment

ent
H\stor'\ca\ pocun -
Agncu\lma\ Expert

Kansas

54 Department of Chemistry. [Bull. 177

endosperm. These tailings are saved for the later reductions.
As the reductions proceed the tailings become poorer in
endosperm and finally they are placed with the fine bran or
shorts.

Reduction Desigaated by VI.

The middlings from I, II, III are coarsest and contain a con-
30
siderable amount of germ and bran snips. These middlings
are commonly called sizings. The smooth rolls for I, II, III
30

are set 8 to 12 divisions out. The rolls are properly set when
the germ is flattened and freed from the endosperm and branny
particles. Care must be taken not to crush the germ nor make
bran dust. The product from the rolls is carefully examined
with a small magnifier. In case of doubt it is better to reduce
too little than too much. The whole process of getting rid of
the germ consists in flattening it so that it can be sifted out
from the roundish middlings, and as this is accomplished the
bran snips are also gotten rid of. The crushing action of the
rolls is such that the endosperm is acted on sooner than the
bran, the bran being tougher, and so can withstand the action
of the rolls while the endosperm is made into flour.

When the sizings from I, I, IIT have been reduced they are

30
sifted, the sieves being in the same position as in the previous
sifting, the arrangement shown in VI. This sifting will pro-
duce a series of sizings and middlings very similar to the ones
obtained in the sifting of the fine materials from the breaks.
But as the process continues the middlings produced at each
reduction will become more and more free from germ and
branny particles. If after sifting VI is not sufficiently re-
30
duced, it is passed through the rolls again set closer. No
definite rules can be given for this; judgment based on experi-
ence is the sole guide. As intimated, the symbol VI represents
30
the end point of the operation; the Roman numerals in-
dicating the reduction, and the Arabic the material which does
not pass the sieve of the number indicated. The reductions
VI to XII are all on material from the first three breaks. In
these reductions also all the best flour is produced. VI, after
30
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being sufficiently reduced, may be put through the purifier and
then sent to reduction XIII, or it may be sent directly to this
reduction without being sent through the purifier. While more
flour may be obtained from V1 it is of a yellowish color, and the
30
close grinding will also produce more or less bran powder,
which will find its way into the flour. How much of the flour
from VI and the following reductions up to XII shall pass into
30 10

the patent flour will depend on the skill of the miller and the
machinery and other milling conditions under his control.

Reduction Designated by VII.

Combine VI with I, Il, Il and send them through the
44 44

purifier. In doing so shut off part of the suction. As the

middlings we purify become finer we use less and less suction.

For I, Il Il a full force is used. Then for VI part is shut

30 44

off and more is shut off for the middlings from the two suc-

ceeding reductions in turn. After the stock is purified proceed

with the reduction VII having the rolls set 4 to 6 divisions

closer than in VI. After reduction, sift, having the sieves

placed as shown in VII. If VII is not sufficiently reduced, it is

44

passed through the rolls set closer and resifted. When _VII

44

is sufficiently reduced it is sent through the purifier and then

to reduction XIV, or it may be sent directly to this reduction.

In reductions VI to IX only the top sieve need be changed be-

tween each reduction if the sample ground is not more than
two kilograms of wheat.

Reduction Designated by VIII.

Combine |, II, IIT; VI; VII, and send through the purifier
50 60 50
using less suction than was used before. For reduction VIII
the rolls are set about four divisions closer than for VII. As
noted before VIII can be reground if not sufficiently reduced.
50
This will rarely happen if the rolls in the previous reductions
have done their part. When VIII is finished it is fairly soft.
60
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If sufficient in amount it may be sent through the purifier be-
fore being sent to reduction XV, or it is usually sent there
direct. In these tests VI, VIII and VIII are not purified until

30 44 50
reduction XIII is reached. If these stocks are purified, VI is
30
purified by itself, VII is combined with XIII, and VIII is
44 44 50
combined with XIII and XIV.
50 50
Reduction Designated by IX.
Combine 1, Il 11 VI, VII, VIII and send through the
64 64 64 64

purifier, using very little suction. For this reduction the rolls
are set so that they just touch or a little closer. After sifting
examine IX and if necessary reduce again. When IX has been
64 64
sufficiently reduced pass it to reduction XVI. As indicated by
the flow sheet, sieve No. 12 is now replaced by 10 with 70
above and the middlings accumulated from VI, VII, VIII and
12 12 12

IX are all placed together with I, Il, Ill, and these are now
12 12

passed to reduction X.

Reduction Designated by X.

These middlings are quite pure and clean, and if the work
has been properly done up to this point, there is a large
amount of these middlings. They are so pure that most of
them are ready to be converted into flour; only a small amount
of white shorts is obtained as a by-product. The rolls are set
3 to 5 divisions “in” for this reduction, and for subsequent
reductions in the production of patent flour the rolls are set
“in” each time. The treatment of the middlings at this stage
of the milling process requires as great care as at any stage.
The feed should be even and regular and the rolls not set too
close. If settoo close X will show a large amount of flaky ma-

64
terial. Under proper conditions X will be small in amount
64
and will show some fluffy stock. This can be sent to reduction
XI, or, if too poor for this, to reduction XVI. X may be sent
70
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to reduction XVI, or if X is sent to reduction XI, then X is
70 10
sent to XII.
Reductions Designated by XI and XII.

Theoretically IX should require but one reduction to reduce
12
it to flour and white shorts, but practically this is not possible.
But the reductions after IX are essentially the same. Reduction
X produces the largest percentage of flour. But while the
larger part of the middlings are reduced to flour, a consider-
able portion passes over No, 10 sieve. Ordinarily the stock
caught on 64 and 70 is flaky and fluffy and contains but very
little good stock. X is nearly as good as IX, only darker,
10 12
owing to the presence of a greater. percentage of branny
particles. The purpose of reductions XI and XII is to separate
the endosperm from the branny particles and reduce the semo-
lina-like middlings into fine flour. It may take more reductions
than here indicated. What is in each case caught on sieve No.
70 is either sent to the shorts or to reduction XVI or XVII. It
is a flaky material and appears as if the particle of endosperm
and the bran snip, instead of being separated, had been pressed
together. Under favorable conditions and with good wheat
the amount of such flaky material is small. If at any part of
the process the rolls have been set too close there is an undue
amount of flaky material. Whether XII shall need one or
10

two more reductions depends upon the character of the wheat,
the milling conditions and the skill of the operator.

Reduction Designated by XIII.

In this reduction we use the material from VI either directly
30

or first having passed the purifier. If, in the milling process,

we proceed directly from reduction XII to XIII, we must set

the rolls with reference to reduction VI. Usually setting the

rolls 4 to 6 divisions closer than they were in reduction VI

will give the best results. After this last reduction of VI it

30
is sifted as shown in XIII, producing a series of middlings
resembling the series from I, Il, III somewhat in size, but

much poorer in endosperm and correspondingly richer in
branny materials. When the material from reduction XIII
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has been sifted as shown in the diagram, XIII is placed with
30
the bran or shorts. Very often it is desirable to place the fine
material from break IV which has passed No. 30 cloth on top
of No. 44 and resume the sifting. This will unite the ma-
terial of similar character and result in a larger per cent of
higher grade flour. For convenience we may call the flour
produced in reductions XIII to XVII first tailings and that
produced in reductions XVIII to XXI second tailings, or low
grade. Whether XIII shall belong to the bran or shorts is
30

arbitrary. It contains a large portion of the germ and is
high in protein and fat. If placed with the bran it would
result in a richer and better bran. As shorts is rich in both
protein and fat it does not need material like XIII.

30
If we find it desirable to take the fine material from break

IV which has passed No. 30 cloth and put it on top of cloth
No. 44 at XIII, and at the same time we put similar material
from break V on the above-mentioned cloth at XIV, the re-
ductions XVIII to XXI are omitted entirely. The result will
not be as good as if the reductions are carried out in full, but
this abbreviation is entirely permissible if in our baking tests
we use only the patent flour, and also desirable when the
amounts milled are small. What course shall be pursued de-
pends on the circumstances and the object in view. If we
by this combination omit the last reductions, we get a much
darker first tailings flour, due to the presence of bran powder
from breaks IV and V, especially V. We may also find it
desirable to place what passes No. 30 cloth from the IV break
on cloth No. 44 at XIII and add similar material from break
V to cloth No. 44 at reduction XVIII. What course to pursue
depends on the condition of the stock, and this in turn depends
on the previous handling. The flow sheet is made so general
that we may suit the operations to the stock as it is at the
time we work on it.

It should be understood that in the wheat berry itself there
is no such thing as tailings and low-grade flour. All flour in
the wheat berry is first grade. The reason we have the dif-
ferent grades of flour is that the first milling process starts to
mix bran, germ and flour and this mixing is increased with
every break. In sifting out the break flour we accomplish the
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first separation, but already some of the bran is reduced to
such a fine state of division that it can not be separated from
the flour. In the different breaks we loosen the bran, germ
and the endosperm from each other, but at the same time they
are very thoroughly mixed. By subsequent sifting and purifi-
cation we partially overcome this. In the reductions we reduce
the particles of endosperm to smaller dimensions and at the
same time they are freed from still adhering bran snips and
particles of germ. Because the endosperm is more brittle it
will break up into fine particles sooner than the bran and germ.
If then the floury endosperm is sifted away as soon as pro-
duced, that first sifted out will be very fine and pure and free
from bran powder and particles of germ. It is this first sifted
out endosperm which goes into the patent flour.

From what has been said, it is seen that as the reductions
go on, the bran snips which adhere to the endosperm undergo
a treatment the severity of which increases with the re-
ductions. Consequently in these last reductions more and
more bran powder finds its way into the flour, and even if the
stock is handled so carefully that practically no bran powder
finds its way into the flour, some of the coloring matter of the
bran is imparted to the flour. The close proximity of the bran
to the endosperm and the severe treatment both receive easily
make this possible, whether the coloring matter is a dry solid
body or one that on pressure yields a minute amount of liquid.

Reduction Designated by XIV.

In this reduction we use the material from _XIII, either
44
directly or having undergone purification. The rolls are set
somewhat closer than in XIII. XIV goes to the bran or shorts.
44

Reductions Designated by XV, XVI, XVII.

From what has been said in regard to the previous re-
ductions and the flow sheet, the manner of carrying out these
reductions is easily seen. XV, XVI, XVII are in each case

50 64 70
carefully examined, and just when the reduction is complete
can be learned by experience. The material should be quite
soft and free from sharp particles of endosperm. When the
bran snips show no particles of endosperm with sharp outline
the action as a rule is complete.
—2-177



Unknown


Unknown


Unknown


Unknown


Unknown


IET n/a



ent
H\s\or\ca\ Docur:“\\ -
" gicaturd) €07
ansa

60 | Department of Chemistry. [Bull. 177

Reductions Designated by XVIII o XXI.

If these are carried out, we use in XVIII material from
breaks IV and V, or from V only. Aswas indicated above, what
course is pursued depends on the object in view and the con-
dition of the stock. Reductions XVIII to XXI are carried out
in a manner similar to reductions XIII to XVII.

General Remarks on the Experimental Milling of Wheat.

The foregoing flow sheet, with the accompanying descrip-
tion, is intended as a guide to the experimental milling of
wheat. The number of reductions indicated will be found more
than is needed in most milling tests, but this system is suffi-
ciently extended to allow as large a scope in experimentation
as possible. In practice, the whole test can be carried out in
an hour and a half to two hours. The greatest skill and ex-
perience are needed in the latter reductions. Milling up to X_

10
is easy, and the difficulties in producing good flour are small.
Very little or no variation in the flow sheet will be desirable
before X, but beyond this point the character of the wheat so

10

influences the stock yet to be treated that only general direc-
tions can be given, and judgment based on experience must
guide the subsequent operation. It should be borne in mind
that if a series of tests is made on wheats of the same grade,
or wheats of the same grade differently treated experimentally,
the tests of that series should be made as nearly alike as pos-
sible.

THE BAKING TESTS AS MADE ON THE FLOURS.

In making baking tests on different flours it is above all
desirable that the tests should be so conducted that the dif-
ference in results should be caused by the inherent qualities
of the flour, and not to variations due to the method employed.
A method which in the hands of a skilled baker gives good
bread may not be at all adapted to use in making comparative
baking tests. In conducting these tests it may be desirable to
use a method which would not be selected were the making of
good bread the only object aimed at. A skilled baker will, con-
sciously or unconsciously, adapt his method to suit the dif-
ferent flours he uses, and defects in the flour may to some ex-
tent be remedied by the process of baking.
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THE STRAIGHT DOUGH TEST.

In these tests straight dough means one that has been
subject to a short period of fermentation and baked as soon as
the dough has risen a standard amount. This amount is fixed
by preliminary trials and is uniform in all these tests. The
short period of fermentation varies from one to three bows
and is secured by means of fresh compressed yeast used in
large amounts. Two hours is the average time. When the
proving is done in one hour, the yeast shows unusual vigor;
three hours indicates that the yeast is becoming weak. In
these tests we used yeast from pound cakes bought from a
local bakery. Yeast that is clammy to the knife when cut is
not desirable. Yeast of a firm texture and somewhat brittle
was found to be most desirable. When the compressed yeast
becomes soft it is worthless. Good yeast, properly kept, will
retain its full vigor over a week. It is essential, however,
that it be kept dry and cool.

In the short period of fermentation the natural color of the
flour is retained. By means of a long period of fermentation
it is possible to produce an artificial color in the bread. In
this way skilled bakers can produce a very white bread. The
short period of fermentation also preserves the natural flavor.
If two loaves are baked under identical conditions except that
one is baked as soon as the dough has attained a desired light-
ness and the other is knocked down and allowed to rise to the
same height and then baked, the two loaves will differ both in
flavor and texture. Under favorable conditions this would
lengthen the period of fermentation only about one hour, using
the method here described. If by using a less amount of
yeast the period of fermentation is lengthened to ten or twelve
hours the difference would be still greater. In this case there
would be a distinct difference in color, the long period of fer-
mentation producing the whiter loaf. Temperature conditions
must also be uniform as the yeast plant is very sensitive to
temperature changes. In the short period of fermentation it
is obviously easier to control the temperature changes than in
the long period.

Percentage of Absorption.

By percentage of absorption we denote the amount of water
a flour will take up in the production of a dough with the
desired stiffness. Flours differ considerably in the amount of
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water they will absorb. Strong flours will absorb 55 to 60
per cent of their weight; weaker flours from 45 to 50 per cent.
Power to absorb water is due to the inherent nature of the
flour and will differ in the different flours, due account being
taken of the moisture content of the flour. Two, samples of
flour, originally from the same source, will show different per-
centages of absorption if they have been exposed to unlike
hygroscopic conditions so that one contains a larger per cent
of water than the other. The one with a less amount of water
will give a higher per cent of absorption than the one with
the larger amount of water. Flour is very sensitive to hygro-
scopic conditions. The amount of water and consequently the
percentage of absorption will vary with the hygroscopic state
of the air. A flour exposed in the sack to the air will differ
somewhat in percentage of absorption from one season to an-
other. To find the true percentage of absorption we must
determine the hygroscopic water in the flour and add this
amount to that found as described below.

Thirty grams of flour are carefully weighed out into a
250 cc. evaporating dish. In the absence of such a dish a
strong porcelain teacup will answer. For a strong flour,
measure out 17.5 cc. of water from a burette. If a weak flour
is being tested 15.5 cc. will probably be enough. In general
hard-wheat flours from western wheats are stronger than flour
from soft wheats grown in humid sections. In these tests
distilled water was always used. This is desirable but not
necessary. The water and flour are carefully mixed, first by
means of a stiff spatula, then the dough ball is worked in the
hands until the flour and water make a smooth, homogeneous
dough. If the right amount of water has been used the dough
will have the desired stiffness. It can be easily worked in the
hands, pulled and molded into any shape desired. If made
into a roll, this will have a certain amount of elasticity when
drawn out, but will break with a snap when pulled. Dough
that pulls approximately similar to taffy has a very weak
gluten and is undesirable for bread making. If too much
water has been added the dough will be soft and sticky. If
too little the dough will be too hard; it does not work easily
and is too elastic.

In careful work it is best to determine the limits, i. €., the
amount of water which will make it too soft and the amount
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which will make it too stiff. In this way the correct amount is
better assured. A difference of 0.5 cc. is very distinct in its
effect. It is desirable to use as much water as possible since
this makes a lighter and more palatable bread. When the cor-
rect amount of water for thirty grams has been determined
the amount needed for the quantity of flour used in the baking
test is calculated by simple proportion. When a certain
standard of stiffness has been adopted it is necessary to adhere
to this standard throughout the series of baking tests. Two
loaves made from the same flour under identical conditions
except that one has a stiffer dough than the other due to the
use of less water will differ in texture; the one with the less
water will have a closer texture than the other. (See photo-
graph of loaves 1, 2, 3. Plate 12.) To obtain a uniform stiff-
ness it is best to select a certain good flour as a standard.
This flour should be kept in a carefully covered container. A
large wide-mouthed, glass-stoppered bottle will be very serv-
iceable.
Making the Straight Dough.

Three hundred and forty grams of flour, ten grams of com-
pressed (Fleischmann’s) yeast, twelve grams of sugar and five
grams of salt are weighed out. The amount of water as de-
termined by the absorption test is also measured out. For
strong flours this will be about 200 cc.; for weaker from 170 cc.
to 190 cc. The flour is placed in a tin pan in a layer one inch
thick and placed in the expansion case. This case is con-
structed of galvanized iron, in the shape of a large drying
oven, and is lined with asbestos. It is supported on a stand S0
that a small gas burner can be placed beneath, by means of
which it is heated to any desired temperature. The flame of
the burner is controlled by means of a thermo-regulator. The
shelves are made of woven wire. This facilitates the free
circulation of air. The door is made of glass so that the inside
is open to view. In these baking tests the temperature was
kept at 35" C. All ingredients and apparatus are also kept
as nearly as possible to this temperature.

The dough kneader is clamped to a table. The smaller
space at the end of the kneader is filled with water heated a
little above 35" C. In practice it was found best to pour in
some quite hot water first and then temper this with cold
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water. If the room is considerably cooler than 35° C. it is
very important to have the machine warmed to the right tem-

perature, otherwise the dough will be chilled and the time of
fermentation unduly delayed. The water measured for the test

is heated to 35° C. The yeast is diffused in part of this water
and poured with the rest into the dough kneader. Two-thirds
of the flour together with the sugar and salt are now added and
the short handle of the crank is turned as fast as possible for
ten minutes. The kneader has two adjustments, one for beat-

ing and one for kneading. The shaft which turns the spiral

has two grooves, one inner and one outer. By means of these

the spiral can be set so that its broad end comes very close to

the lower end of the machine without rubbing against it. It

has this position when the beating is done. After beating ten

minutes the spiral is set out and the remaining one-third of
the flour is added. For convenience it is well to have the flour
weighed out in separate pans, since the machine works best

when two-thirds and one-third of the flour is used respectively.

Now the long handle of the crank is turned as fast as possible

for ten minutes, while by means of a large somewhat flexible
spatula all the flour is worked into the dough. It is not neces-

sary that all of the dough should be removed from the kneader

as it is weighed after panning. If due care is exercised

the dough will weigh within twelve to twenty grams of the

materials used in its making.

The dough is now placed in a pan previously greased and
weighed. As indicated above, the pan should have the tempera-
ture of 35° C. This can best be secured by keeping it in the
expansion case. The dough is transferred from the machine
to the pan with the hands greased or lightly dusted with flour.
When pans are used a roll is made in the hands the length of
the pan. Dusting the hands with flour is preferable to greas-
ing as this is more likely to produce a smooth crust on the loaf.
A baking board is not used as this would cause some loss of
material and is likely to chill the dough. A record is made
of the time the dough is put in the expansion case. The dough
is allowed to rise to the height of a tin strip placed across the
pan. The pans are 2x 10 inches bottom, 2'/> x 10'/> inches
top, and 2'/> inches deep. The tin strips have this shape:

" Yo

2%"
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The rising must be watched very carefully. If the dough is
allowed to rise too long, the texture, volume and color of the
loaf will be influenced very materially. The volume of loaf
produced by a given flour has little meaning if the amount of
rise is not fixed by a definite standard. Too much rise will
produce bread coarse in texture. If raised too little, the bread
will be heavy. The rise should be so regulated that a loaf of
fine texture is secured. When the dough has risen the standard
amount it is weighed. The loss in weight during rising will
be closely proportioned to the time of rising. The pan is next
placed in the oven, heated to 237° C. (460° F.), and baked ex-
actly twenty-five minutes. The temperature of the oven will
fall slightly at first, owing to the moisture given off by the
dough, but the temperature will soon rise again. In compara-
tive tests it is best to keep the oven at a certain temperature.
The oven has an opening at the top and one at the bottom. By
means of these, together with the electrical regulator, any
desired temperature can be maintained. If the same tempera-
ture is maintained in all the tests, the exact time when the
loaf is baked will be known. The loss in baking is about
thirty grams. If the loaf is sufficiently baked it will have an
even brown crust all over and the sides will spring back when
pressed with the finger.

Volume of Loaf.

In measuring the volume of the loaf it is put in an oblong
box open at one end. The box is a little longer than the loaf,
and the open space is somewhat less than half the usual loaf
volume. A shaft with one side made of glass graduated in
inches and having a slide at the bottom is completely filled
with flaxseed. The graduations are so made that one-eighth
of an inch equals one cubic inch volume. The shaft holds
ninety-six cubic inches, and the box in which the loaf is
measured one hundred and sixty-five. By holding the shaft
over the open end of the box and allowing the flaxseed to
completely fill the open space around the loaf, its volume can
readily be obtained. The volume varied from 77 to 87 cubic
inches in these experiments.

In comparative baking tests the volume should be measured
at a time set relative to the baking as the loaf shrinks some-
what on cooling. The same is true in regard to weighing.
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After the loaf is cool it is cut in two one-third from the end,
and the color, flavor and texture are judged.

In making a baking test of an unknown flour, a flour the
baking qualities of which are known is selected as a standard
and tested at the sametime as the unknown flour. Both are
baked under identical conditions, and in this way the unknown
flour can be judged.

GLUTEN EXPANSION DOUGH TEST.

This is for the purpose of testing the quality of the gluten.
The procedure is identically the same as for straight dough
up to the point where the dough is ready to be panned. In-
stead of putting the dough in a pan it is put into the expansion
cylinder. This cylinder is made of heavy tin 10.8 cm. in di-
ameter and 32 cm. high. On one side is a glass window 2 cm.
wide and extending the whole length of the cylinder. This
window is constructed similarly to those used on cream cans.
To one side of the glass is placed a strip of aluminum foil
graduated in millimeters. When the dough is taken from the
dough kneader it is rolled into a round ball and placed in the
cylinder. The cylinder is lightly greased and should be at the
temperature of 35 ° C. before the dough is put into it. This is
accomplished by keeping the cylinder in the expansion case,
where it is also kept during the subsequent process.

For the first hour no attention need be paid to the dough.
After the first hour the height of the dough is recorded. The
readings are taken at the level of the meniscus, or upper curved
surface. The taking of the readings is facilitated by means of
a heavy aluminum strip 1.3 cm. wide bent at right angles. By
placing this against the window the level of the meniscus can
be read to millimeters. After the first hour the readings are
taken thirty minutes apart for a time, then every fifteen min-
utes and at last every ten minutes. The dough is allowed to
rise till it falls. The last stage must be watched very care-
fully. When the dough begins to fall the total height is re-
corded, and it is taken out of the cylinder and kneaded in the
machine with fifteen grams of flour, after which it is again
placed in the cylinder and the whole process repeated.
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TABLE 1. Summary of milling data. McPherson wheats. 1906,
w0 2 o] o} ) Q 2] [t el o] o] o] lacl a’] Jac) ]
51 8% 28 | g8 | 53 8.8 9% |25] ¢% | ¢ | ¢ |mg | =z g8 |zeg
® g e 55 @8 o= 2 |82 ge Sa ga |Be s | oa e |BEZ2
- g =2 R & 45 g 28 |§%] E¢ z8 26 | &8 & 8 3 |[sRE&
2| g8 VARIETY OR NAME. g& 5 g° 5g gy 173 w2 | 22 82 162 2 2|8 |[2ed
g & 3 58 . < a® [R@| g = Ba |8z o z | = 8§
=1 ¢ : @ : : 5% |3 I g Eg | B3 g 3 2 g,
e | : s 3 : 5 - 2 2 |
‘ . @ : : a H & :
1| 1395-2 | Mediterranean. .....coevvrenvrivnvnennennns 24.88 1.3251 | Plump 10.91 | 15 73.94 50.26 21.17 | 2.51 20.71 | 4.86 | 0.51 | 44.36
2 | 1435 Crimean ... .vvevivvineiiniienenn. .| 21,90 #1511, Plump, 10.89 | 50 | 73.98 | 49.63 | 22.87 | 1.48 | 18.79 | 5.90 | 1.33 | 44.39
3| 1437 Crimean ......veevevivneinannvunnns 29.12 | u=1,1 | 1. Plump 10.63 | 50 | 74.27 | 50.07 | 22.86 ; 1.83 | 18.80[6.00 | 1.14 | 44.56
4 1 1438 Ghirka Winter...........oovvavenin 24,92 | 49,711 Plump. 1087 | 50 1 75.59 | 51.13 | 21.39 | 3.07 | 19.83 1 4.08 | 1.01 | 45.35
5 | 1442 Kharkov....ooovvniiiniiininnnnnnns 3508 | 307.11 1. Plamp. 10.88 { 85 | 74.856 1 B50.70 | 20 58 | 3.26 | 20.68 | 38.77 |1.00 | 44.75
6 | 1539 Torgova .. 34.17 | #90.2 | 1.8 Plump. 10.98 £ 75.60 | 51.69 | 21,37 | 2.54 | 19.09|4.82|0.49 | 45.36
7 | 1558 Turkey ... 3479 411,911, Plump 10.56 | 50 | 74.76 | 50.42 | 21.87 | 2.97 | 21.82 |2.97(0.94 | 44.86
8 | 1559 Crimesn .... 37.98 | 2.4 11,3 Plump 10,99 | 50 | 76 03 | 52,37 | 2127 |2.39 | 18.88!14.2310.85 i 45,62
9 | 1564 Pesterboden 21.95 4207 | 1. Plump 11,08 60! 75.47 | 47.44 | 2600 | 2.08 | 18.355.42 [ 0.76 | 45.28
10 | 1571 TULKEY «cvevvnrvn e eeiviineioanennen 23.76 | ux4.1 | 1. Plump. 10.72 | 80 | 77.63 | 52.72 | 21.81 | 8.10 | 17.84 | 4.02 | 0 51 | 46,58
11 | 1588 Kharkov.....oocoviiiiniianninnnnn. 36,211 29,9 |1, Plump 11.22 | 50 | 76.84 | 53.18 | 22.59 | 1.13 | 16.18 | 6.10 | 0.87 | 46.10
12 | 1739 Budapest........ciiiiiiiieiiiiieeea 14.41 3.7 | 1.3 Plump. 10.49 | 45 | 76.70 | 53.09 | 21.84 | 1.77 | 16.97 | 5.72 | 0.61 | 46.02
13 | 1756 Missouri., ot iunrnrinieniirnininans 33.85 A5 | 1.87 Plump 10 87 | 50 74.73 52 .88 20.50 | 1.40 19.70 1 4.71 | 0.85 | 44,84
14 | 1757 Japanese Velvet Chaff............... 28.54 | B27.7 ;1. Plump 10.75 1 15 | 74.96 | 57.96 15,27 1 1.93 | 20.31 422 |0,51 | 44,98
15 | 1824 Zimmerman X Turkey .......coou.e 24.63 | Hs4 1. Plump 10.75 | 16 | 71.83 | 47.25 | 21.79 |.2 29 | 23.574.83(0.76 | 42.80
16 | 1544 Beloglina............. 32,17 | 1024 1 Plump. 12.47 140 | 74.63 | 52.97| 19.13 | 2.54 | 19.99 | 4.86 | 1.02 | 44.79
17 | 2906 urreil.............. 19.62| 421.4 1 1.8 Plump 10,97 1 15| 7231 46.67 | 23.81 1 2.32| 20.63/5.52 1,55 43.39
18 | 2907 Zimmerman, 1oe2.T1 427.1., 1.34x4 | Plump 10.93 | 15 74.55 49.95 21,62 | 2.98 19.8214.97|1.15 | 44.73
19 | 2908 Malakoff.......coovvviiiiiiiiininee cenn 28,71 | 849.0 | 1.850i | Plump 10.72 | 50 | 75.44 ] 52.24 | 21.79 | 1.41 | 1931 4.44{0.81 | 45.26
AVErage ..o vveiiiiiiiiieiaiisiaias 27,861 885.011.3506 1.......... 10.93 74.91 1 51.17 1 21.4712.26 | 19.454.7510.88 | 44.94
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TABLE 2.—Sumrnary of miliing data. Manhattan wheats, 1906.
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366 | Bearded Fife.......... e 43.79 1 50 | 74.94 ¢ 50.78 | 22,74 | 1.41 17.58 | 6.47 | 1.06 | 44.96
367 1t e iiaieietae ey .| 48.91 1. 25| 7177 | 46.04 | 22.82 | 2.91| 19.11 | 8,12 | 1.00 | 43.06
368 | Malakoff.....urnrernesoenennnnaenenn 46.42 1. 50 | 74.50 | 50.80 | 21.85 | 2.35 | 18.80 | 6.30 | 0.80 | 44.70
529 44.43 1. 50 | 74.12 1 50.47 | 22.15 | 1.49 | 18.88 | 6.01 | 1.00 | 44.47
373  Deflance... 48.81 1. 55| 74,15 50.60 | 22.16 | 1.39 | 19.32 | 5.58 | 0.95 | 44.49
378 | Red Winter. . 48.09 1. 50 | 73.68 | 53.12 | 18.43 | 2.33 | 19.67 | 5.05 | 1.39 | 44.33
5§70 | Turkey ........ 46.12 1. 50 | 75.01| 52.25 | 20.8¢ | 1.92 | 19.02 | 5.01 | 0.96 | 45.01
573 | Kharkov........ooieureennnnn. 44.98 1. 50 | 76.27 | 51.59 | 22.97 | 1.71 | 16.73 | 6.10 | 0.91 | 45.76
574 | Crimean........coovieureeiiinnnes 41,58 1. 50 | 74.7L | 50.52 | 22.84 | 1.85 | 17.86 | 6.33 | 1,10 | 44,83
576 | WeiSSenDerg.. .vurvevererrrreen e | 4479 1. 40| 75.24 | 52.64 | 20.79 { 1.81 | 16.10 | 7.15 | 1.51 | 45.14
BTT | CUTTEIL.vv e vnnrnenninanrannernense | 4828 1. 45| 71.30 | 45.55 | 28.40 | 2.35 { 21.60 | 5.90 | 1.23 | 42.78
578 | Ghirka......c.ovunn. R 32.76 1. 50 | 74.85 | 55.50 | 17.65{ 1.70 | 17.90 | 6 05 | 1.25 | 44.91

P o T Ty 45.33 1. 7a.22 | 5082 | 21.4711.03 | 18.50 | 6.17 | 1.09 | 44.53
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MILLING TESTS. ((ROP OF 1906.

The data obtained in milling wheats from the crop of 1906
are shown in tables 1 and 2. The results shown in table 1
are from the wheats grown at the cooperative station at Mc-
Pherson, and those in table 2 from the wheats grown by the
Agronomy Department of the station at Manhattan. Al-
though the wheats from Manhattan are somewhat better in
quality than those from McPherson, they were all equal to
No. 1 grade. The year 1906 was very good for wheat. Twen-
ty-four of these wheats are classed as hard wheats and seven
as soft. No. 20 was a commercial wheat and is not included

in the averages. VIELD PER ACRE.

While most of these wheats are good yielders, there is a
large variation in this respect. Those grown at McPherson
vary from 14.41 bushels in No. 12, Budapest, to 37.93 bushels
in No. 8, Crimean. The yields of the wheats at Manhattan
were very much larger. These vary from 32.76 bushels in
No. 32, Ghirka, to 48.91 in No. 22, Fultz. The soft wheats
compare well with the hard wheats as yielders. The average
for the wheats grown at McPherson is 27.86 bushels and for
those grown at Manhattan is 45.33, a difference of 17.47
bushels. That this is due more to the soil and climatic con-
ditions than to the inherent yielding power of the variety is
shown by comparing the yield of the same varieties grown at
the two places. Nos. 3, 4, 5, 7 and 17 are from the same
varieties as 29, 32, 28, 27 and 31 respectively; yet the average
of the first five grown at McPherson is 28.70 bushels and that
of the corresponding five varieties grown at Manhattan is
42.54, the latter figure being fifty per cent higher. Whatever
may be the cause of this variation in yield, there is nothing in
the results of the milling tests which shows any material dif-
ference between poor and good yielders if the quality of the
grain is the same.

GRAINS PER TEN GRAMS.

These results were obtained by counting out 100 average
grains from a well-mixed sample and weighing on an analytical
balance. From the weight of 100 grains the number of grains
in ten grams were calculated by simple proportion. The
wheats grown at McPherson show a larger variation than
those grown at Manhattan. In the former the number of
grains per ten grams varies from 327 in No, 14, Japanese
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Velvet Chaff, to 439 in No. 4, Ghirka. In the latter they vary
from 300 in No. 30, Weissenberg, to 377 in No. 25, Defiance.
The average number of grains per ten grams for the Mc-
Pherson wheats is 385 and for Manhattan 335, the better
yielders showing the larger grains.

By dividing 10 by the number of grains in 10 grams the
average weight of each grain may be obtained. The average
weight of each grain of the McPherson wheat is 0.02597 grams
and that of the Manhattan wheat is 0.02983, or in other words,
100 grains of the McPherson wheat weigh 2.597 grams and
100 grains of the Manhattan wheat weigh 2.983 gams. This
is considerably below 3.866, which is the average given by
Wiley for wheats grown in the United States. (Bull. 13, Part
9, Bureau of Chemistry.)

SPECIFIC GRAVITY.

These data were obtained by means of a 100cc. glass-
stoppered specific gravity bottle, 95 per cent ethyl alcohol,
and an analytical balance. A known weight of wheat was put
into the specific gravity bottle, the weight of which was known.
Then alcohol was added until the bottle was completely filled,
and the whole weighed. From this last weight was subtracted
the previously obtained weight of the bottle plus that of the
wheat, which gives the weight of the alcohol necessary to fill
the space in the bottle not occupied by wheat. The weight of
the alcohol divided by its specific gravity gives the volume of
the bottle not occupied by wheat. The exact specific gravity
of the alcohol for the temperature at which the weighing is
done must be known. The volume occupied by the alcohol sub-
tracted from the capacity of the bottle gives the volume oc-
cupied by the wheat. The weight of the wheat divided by its
volume gives its specific gravity. The average specific gravity
of the McPherson wheats is 1.3506, the highest being 1.3702
in No. 3, Crimean, and the lowest 1.3216 in No. 17, Currell.
The average specific gravity for the Manhattan wheats is
1.3664, the highest being 1.3871 in No. 32, Ghirka, and the
lowest 1.3264 in No. 14, Minnesota.

If we divide these wheats on the basis of the average yield,
placing those above the average in one class, and those below
the average in the other, and then obtain the averages for
each class in respect to yield, grains per ten grams, and specific
gravity, we have the results exhibited in table 3.
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TABLE 3.
McPherson wheats. Manhattan wheats,
Above Below Above Below
| average average | average average
i yields, yields. yields. yields.
Bushels per acre .. 33.08 22.08 47.91 41,71
Grains per ten grams... .| 377, 394, 334, 386.
Speecific gravity.. ....... 1.3811 -1,8491 1.8664 1.3665

The McPherson wheats show the greater variation. The
high yielders average 50 per cent more bushels per acre. In
regard to grains per ten grams, the low yielders have a larger
number than the total average. The lower yields per acre
accompany the smaller kernel. This statement also holds true
if we compare the McPherson wheats with the Manhattan.
The lower average bushels per acre and the corresponding
higher number of grains per ten grams is in contrast to the
higher average bushels per acre and the corresponding lower
number of grains per ten grams. In the Manhattan wheats
the high yielders and the low yielders show practically no
variation from the average, both in regard to the number of
grains per ten grams and the specific gravity.

If we divide these wheats on the basis of average number
grains per ten grams, placing those above the average in one
class and those below in another and these results are averaged
separately, together with the corresponding specific gravity of
the same wheats, we have the results shown in the accompany-
ing table 4.

TABLE 4.,
McPherson wheats. Manhattan wheats.
Above Below Above Below

average average | average | average
number, | number., | number. | number,

Graing per ten Srams......oovvveviouns STAERTEEY 409 357 358 E 318
Average specific gravity of corresponding i

WHEAL . . v eussorsronsssnearsnesisnessnineons 1,3501 1.3509 1.8788 | 1.3455

The McPherson wheats show no variation in specific gravity
to correspond with the larger and the smaller kernels when
all the wheat from this place are averaged in this manner.
In the Manhattan wheats the smaller average kernels have a
greater specific gravity. If we compare tables 3 and 4 we
see that in the McPherson wheats the smaller grains have
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a less specific gravity, This is in contradiction to the result

in table 4, where the larger grains have a lower, specific gravity.
But the low specific gravity in the small kernels of the Mc-
Pherson wheats is in all probability due to a poorer grade of
wheat shown in the low yields. Based on the above data,

in good wheats the smaller kernels have a higher specific
gravity. This point is touched again later. If we average the

five soft wheats from the McPherson group we find that the
average number of grains per ten grams is 387, very near the
average of the whole, and the corresponding average specific
gravity of the same wheats is 1.3359, considerably less than
the average of the whole group.

MOISTURE.

About five grams of whole wheat were placed in a shallow
aluminum dish and dried for forty hours at the temperature
of boiling water. At the end of this time the constant weight
showed that all moisture was driven off. The whole wheat
berry holds the moisture very much more tenaciously than the
same wheat when ground. Ground wheat will lose all its
water in about seven hours if kept at the temperature of boil-
ing water. There is a remarkable uniformity in the moisture
content, the McPherson wheats having slightly less than the
Manhattan wheats. The mean of all these thirty-one wheats
is 10.60 per cent. It is interesting to note in comparison, that
the mean with domestic wheats obtained by the Bureau of
Chemistry on the one hundred and sixty-three samples col-
lected for the World’s Fair in 1893 was 10.62 per cent.

TEMPERING WATER.

The amount of water used for tempering varied from 35 cc.
to 50 cc. for the hard wheats; 15cc. is the usual amount used
for the soft wheats, except in the case of No. 31. This is a soft
wheat, but the kernels were very dry and more than the usual
amount of water was necessary for tempering.

YIELD OF MILLING PRODUCTS.

The remaining columns in tables 1 and 2 show the per cent
of milling products obtained from each sample. In these tests
five products are recognized and weighed. After grinding to a
finish the products were weighed on a balance sensitive to one
gram. It is of no practical advantage to weigh closer than this.
All milling products lose weight during the operation of grind-
ing. This is due to loss of moisture and impalpable dust.
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Considerable heat is generated by the milling process. This
is familiar to anyone who has felt the stock as it comes from the
rolls. The heat together with the exposure causes the loss of
moisture. The losses are always heavier on days when the
relative humidity of the atmosphere is low than on days when
the humidity is high. The frequent handling of the stock
causes loss of fine dust. This dust is so fine that it distributes
itself to all parts of the room and recovery by sweeping is
impossible. Both these losses fall heaviest on the products of
the tail end, such as shorts and low-grade flour. These are
ground more severely and are exposed longer. If the percent-
ages of milling products are calculated by dividing the weight
of the product by the weight of the wheat milled, shorts and
low-grade flour will be affected by these losses in undue pro-
portion. To obviate this to a large extent, the percentage of
each product is obtained by dividing the weight of each prod-
uct by the sum of the weights of the products. When this
method is used for each sample of wheat milled, the results are
more comparable than if the percentages are based on the
wheat milled, as this does not distribute the losses.

The per cent total flour is obtained by adding the results for
patent, second grade and low grade. The term second grade is
used in preference to the term bakers’, as the latter is now
largely a misnomer. The patent flour includes that which is
made from the best middlings as shown in the flow sheet. In
tables 1and 2 the second-grade flour includes all of the break
flour and the best of the tailings flour. The low grade is the
darkest and the finest flour, such as is obtained in the final
reductions at XVI to XVII or at XX, XXI and at XVII re-
peated. The bran includes the coarse husks separated by
sieve No. 30 after the fifth break and also the finer bran snips
over sieve No. 44 after reductions XIV or XVIII according to
the course taken in milling. This latter material might be
classed with the shorts. If it is mixed with the latter we have
brown shorts, if not, we have white shorts. The shorts in all
these tables includes the material which is finer than the fine
bran and too coarse and dark to be classed with the low-grade
flour. The shorts over No. 30 in reduction XIII contains a
large portion of the germ and is therefore put with the shorts,
although it is coarser than some of the fine bran. The dust
is made up of material unavoidably lost during the milling
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process. As was indicated above, this dust does not represent
all the material, other than moisture, which escapes during the
milling process. The very finest escapes and does not settle
in such a manner that it can be gathered. This latter, to-
gether with the moisture, is not included in these percentages.
This loss varies with the temperature and the humidity. Some
days there is actually a gain. The total flour per bushel is
obtained by multiplying the percentage of total flour by 60,
taken to represent the average weight per bushel.

The quantitative results obtained by milling cannot be re-
garded in the same light as the results obtained in quantitative
chemical analysis, but it does not follow that because they
are not in the same class in respect to accuracy they are of
proportionately less value. Chemical analysis of soils is very
accurate in representing the total amount of a constituent
extracted by a definite solvent. The quantity of a given con-
stituent, may be the same in two soils, but the crop-producing
power may be very different. Yet chemical analysis of soils
has a great value when used with knowledge and judgment, and
that value is greatest to those who know most about chemical
analysis Of soils. Thus far very few results of milling are
recorded in scientific literature.

Just how far the milling process shall be carried is a ques-
tion in every test. Unless baking tests are made in connec-
tion with the milling tests, this question cannot be answered.
In some wheats the test can be carried farther than in others.
As more data accumulate standards will be established and we
shall be on a more secure foundation.

The average per cent of total flour for the McPherson wheats
is 74.9 and that of the Manhattan 74.22. The average per
cent of the patent flour for the same wheats is 51.17 and 50.82.
This makes the patent flour a little over 68 per cent of the total
flour. This, to be sure, is a much lower per cent patent than
is made in commercial mills. The soft wheats average lower
in yield of flour than the hard wheats. This is probably due
to the fact that hard wheats can be milled cleaner than soft
wheats. The soft wheat flour is more impalpable and has a
peculiar adhesive property absent in the hard wheat flour.
Bran from soft wheat is covered with fine flour dust. In
good milling the bran from hard wheat is of a very clear amber
color. The endosperm clings harder to the bran in soft wheat.
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The bran coats in hard wheat have a springy stiffness which
enables the rolls to shave off the endosperm quite close to the
bran coat. These are tentative reasons why the yield of flour
is less in the soft wheats.

MILLING TESTS, CROP OF 1907.

One of the gratifying results of the milling tests made on
the crop of 1907 was the uniformly good flours produced.
Any region which is known to the world’s flour market to
produce uniformly good milling wheats has an enviable repu-
tation. Kansas wheats have this name. But in an investiga-
tion of this kind, variability will more often lead to the results
desired than uniformity. For this reason Kansas wheats
which had shown the greatest variation in the tests of 1906
were selected for the tests on the crop of 1907. Chemical dif-
ferences were also considered. To obtain still greater varia-
tion it was thought best to secure wheats from other states.
Samples of wheat were kindly furnished by the experiment
stations of Tennessee, Minnesota, and Washington. This col-
lection furnished samples of typical varieties representing
hard, soft and medium wheats.

MILLING TESTS (F KANSAS WHEATS.

The results of the tests on the crop of 1907 are shown in
table 5. The first four wheats were grown at McPherson and
the rest at Manhattan. The column headings have the same
meaning in general as in tables 1 and 2. The yields per acre
are low for the McPherson wheats, especially the two soft
wheats. The low yielders have a larger number of grains per
ten grams and a lower specific gravity. In this case, as before,
the low yields give smaller grains and lower specific gravity
than the high yields. The grains of the lowest yielders were
shrunken. The soft wheats from Manhattan form an excep-
tion to the general average results of low specific gravity be-
ing correlated with small kernels. If the hard wheat Weissen-
berg is excepted, these two soft wheats have the largest grains,
but the lowest specific gravity, of the eight wheats grown at
Manbhattan.
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TABLE 5.—Summary of milling data. McPherson and Manhattan wheats, 1907.
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TABLE 6.—Summary of milling data. Minnesota wheat, 1907,
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Moisture.

The percentage of moisture was determined by drying a
two-gram sample of ground wheat for seven hours at the
temperature of boiling water. The average per cent of mois-
ture is 10.51.

Tempering Water.

The tempering water required varies from 15 cc. per 2000
grams in the soft wheats to 60 cc. in the hard wheats. There
does not seem to be any relation between the moisture content
of the wheat berry and the amount of water needed for temper-
ing. The hard varieties have nearly the same moisture con-
tent as the soft, but the amount of water used for the hard
wheats is from three to four times that used for the soft.

Amount of Scouring Dust.

The amount removed by scouring varies from 18 to 57 grams
per 2000 grams of wheat, the average being 33 grams, Or a
little over 1.5per cent. The amount of scouring dust removed
will vary with the time the wheat is scoured and the condition
of the berry. A plump, well filled berry will, with the same
amount of treatment, give a smaller amount of scouring dust
than one which is shrunken and immature. Wheat which has
been exposed to unfavorable conditions will lose much in scour-
ing. The amount removed by scouring depends a great deal
upon the judgment of the miller. Some advocate the removal
of the entire outer bran coat. If this is done, whatever scour-
ings are removed after the wheat is cleaned should be added
to the bran. Hard and severe scouring will remove a large
number of the germs.

Yield of Milling Products.

The per cent of total flour obtained varies from 69.58 to
75.19. As inthetest on 1906 wheats, the soft varieties averaged
lower than the hard. The low yields of 55 and 56 are due to
the inferior condition of the berry. No. 57, a soft wheat with
very plump and full berries, is up to the average of hard wheats
in yield of total flour. The average per cent of total flour is
lower than for the 1906 wheats, due to the lower average in
the quality of the wheats for 1907 as compared with 1906. In
all the milling tests made on the crop of 1907, both of Kansas
wheats and those from other states, the break flour was kept
separate from the patent and tailings. In the latter is included
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all the flour made from middlings tailed over fromthe reductions
in making patent flour. The tailings flour thus includes the low
grade. In many mills the first runs of this flour would be
placed with the patent. There is no objection to this except
that the color is too yellow for the best patent. Where bleach-
ing is practiced, this trade objection is overcome.

With the exception of Currell the soft wheats made a larger
per cent of break flour than the hard wheats. The per cent of
tailings flour is also larger as compared with the average of
the hard wheats. A larger per cent of break and tailings
flour means a smaller per cent of patent. This relative propor-
tion can to a large extent be modified by the milling process.
In commercial mills the equipment and the skill of the miller
have more to do with this than any other factors. The per
cent of bran in the soft wheats is also larger than in the hard
varieties. The percentages of bran and shorts are interdepend-
ent; the more bran there is the less there will be of shorts.
The per cent of dust is very variable. The per cent of dust has
the same meaning in all these tests.

MILLING DATA FOR THE MINNESOTA WHEATS.

These data are found in table 6. These wheats were of ex-
cellent quality, equal to number one grade. The berry was of a
larger average size than the average of all of the Kansas wheats
of 1906 and 1907, but smaller than the average for the wheats
grown at Manhattan in 1906. The specific gravity of these
wheats is higher than that of the Kansas wheats of 1907. In
comparison with the Kansas wheats of 1906, the specific grav-
ity is a little lower than that of the wheats at Manhattan, and
a little higher than that of the wheats grown at McPherson.
The average number of grains per ten grams is 347, and the
average specific gravity is 1.3537. Both results fall between
the figures for the two groups of Kansas wheats for 1906.

The percentage of moisture in all of the Minnesota wheats
is larger than in the Kansas wheats for either 1906 or 1907.
The average for all the Kansas wheats for these two years is
10.57, and the average for the six Minnesota wheats is 12.66,
a difference of over two per cent. Whether due to this high
moisture content or not, it was not possible to classify these
wheats into hard or soft by the test for hardness used in the
milling room. These wheats were not hard like the Kansas
hard wheats, nor were they soft like the Kansas soft wheats
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or the wheats from Tennessee. The hardness was a medium
between hard and soft, and for that reason the amount of tem-
pering water required is midway between that used for the
hard and soft wheats of Kansas.

These were all good milling wheats, especially No. 169. The
per cent break and tailings flour is less than the average for
the other groups of wheat used in these tests. The flour had
neither the characteristic lively, granular appearance of hard
Kansas wheat flour, nor the soft, smooth appearance of soft
wheat flour. It is rather an average between the hard and
soft wheat flour in its characteristics.

MILLING DATA FOR THE TENNESSEE WHEAT.

These were all good wheats equal to number one grade, with
plump and large grains. In number of grains per ten grams
they were equal to the wheats grown at Manhattan in 1906,
and the average specific gravity was higher than that of any
of the previous groups. In this respect they are very different
from the Kansas soft wheats, which are lower in average
specific gravity in comparison with the hard wheats. These
soft wheats have a higher average specific gravity than the
hard wheats from Kansas and also the Minnesota wheats.
These wheats bear out the observation that large, heavy berries
have a higher specific gravity than smaller berries. (See
table 7.)

The per cent of moisture is higher than in the Kansas wheats
and lower than in the Minnesota wheats. These wheats were
typical soft wheats. As the products are very much exposed
during the process of milling they dry out considerably. To
counteract this to some extent and to toughen the outside bran
coat a small amount of tempering water is added. This water
is added about half an hour before the wheat is milled. This
method was followed with all the soft wheats. The average
amount of scouring dust removed is a little larger than that of
the Minnesota wheats, but less than that of the Kansas wheats.

In yield of flour these wheats were excellent, comparing well
with the Minnesota and the Kansas wheats. The flour was in
every respect typical of that produced by the soft wheats.

MILLING DATA FOR THE WASHINGTON WHEATS.

These wheats presented a greater variety than any of the
previous groups. Forty-fold and Western Blue Stem were
the most similar in appearance. Turkey Red was of a bright
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TABLE 7.-—Summary of milling data.

Tennessee wheats, 1907,
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TABLE 8.—Summary of milling data. Washington wheats, 1907.
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80 | Western Blue Stem.......... 212.5 1.8810 | Plump...... 12.27 20 73.74 48.82 9.14 16.68 18.48 7.25 1.06 44.24
) Average.....ooiaceiienss 239.9 13718 |0 . o einnes 1.9 1...... 74.28 49.46 10.67 14.22 18.37 6,62 0.99 44,34
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amber color, with large, plump kernels. Little Club had the
smallest kernels of any in this group, but still they were larger
than the kernels of wheat from the Middle West. The kernels
of Forty-fold and Western Blue Stem were unusually large.
These two wheats, together with Little Club, were white, or
rather cream-colored. Red Russian had the color of Turkey
Red, but more of the smaller kernels.

The number of grains per ten grams shows that these wheats
had the largest and the heaviest kernels of all the wheats re-
ported in these pages. If Forty-fold is excluded, the remaining
four will also average the highest in specific gravity.

If the data for kernels per ten grams and specific gravity
for the different groups are brought together we have the fol-
lowing:

TABLE 9,

Numberof | gpecific

grains per ;

ten grams. gravity.
Kansas Wheats ....vvvvrivsieeerenerenensenins | 1906 | McPherson ... 385 1.8508
Kansas wheats ..... : Manhattan ... 336 1.8664
Kansas wheats .....ovvviviivinineniieraennndg 1807 ooviiiiiiianin, 375 1.3250
Minnesota wheats .......oovovvviiiiviannn 1807 Lo 847 1.3587

Tennessee wheats ........ po1907 L. e, 338 1,3807
Washington wheats

In general there is a tendency for the larger kernels to have
the higher specific gravity. But wheats can also be grouped
so as to show that small compact kernels have a higher specific
gravity than the large ones. (See above, under Manhattan and
McPherson wheat for 1906.)

In view of the great irregularity among individual wheats
in these respects, there does not seem to be any definite corre-
lation between the size of the kernels and the specific gravity.
If we compare the size of the kernels with the results of the
milling tests there is no correlation. Small sound kernels will
give as good flour yield as the same quality of large ones. In
comparing wheats on the basis of size of kernels and specific
gravity, only wheats of the same general class and of the same
grade in respect to quality can be chosen. Low yields may
mean small seeds not well filled out, and hence low in specific
gravity. Wheats of different classes may differ in compact-
ness and size of grain and hence the specific gravity will be
different.

In moisture content these Washington wheats average a
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little higher than the Tennessee and a little lower than
the Minnesota. If we compare the moisture content of all
the groups they arrange themselves as follows: Kansas,
Tennessee, Washington and Minnesota. Too much stress must
not be laid on moisture content, as that varies with the
humidity of the air. Wheat shipped from a dry region to one
more humid will increase in moisture content, and wheat
shipped from a humid to a dry one will lose moisture.

With the exception of Turkey Red, all the Washingion
wheats milled like soft wheats, but the amount of tempering
water needed for Little Club and Red Russian was nearer the
amount used for the hard wheats. The amount of scouring
dust was small in comparison with that of the wheats from
other states. This is particularly true in regard to the white
varieties. The bran coat of the white wheats is very tough.
The percentage of total flour averages well with the wheats
from the other groups. As noted before, the hard Turkey Red
gives a higher per cent of patent flour than do the soft wheats.

BAKING TESTS ON FLOURS FROM WHEATS GROWN AT
MCPHERSON AND MANHATTAN IN 1906.

The results of baking tests on flours from the crop of 1906
are summarized in tables 10 and 11. The method for making
baking tests as outlined previously was followed. The column
heading, the serial number, number of wheat and variety or
name have the same meaning as in the tables giving the
summaries of the milling tests, and refer to the wheat from
which the flour was made. The per cent of moisture in flour
was determined by drying two grams of flour in a shallow
aluminum dish at the temperature of boiling water for seven
hours. The average per cent of moisture of the patent flour
from the wheats grown at McPherson was 11.08, and of those
grown at Manhattan was 11.29. Both these amounts are
lower by 1.5 per cent than the amount given by Wiley for
patent and miscellaneous flours. (See Bul. 13, Part 9, Bureau
of Chemistry.)

The moisture content shows but little variation. The water
absorbed by 30 grams of flour denotes the amount needed to
make a dough of standard stiffness. This varies from 15cc. to
17 cc. All these were good patent flours. The percentage of
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TABLE 10.—Summary of baking tests. McPherson wheats, 1906.
w Z b} = o] ] = ] 3 = o Iy H = = = < <
o ) o0 e w R — =] ) g ‘ o -] -} =0 =] "= s el ze
g | 25 E5 |58 |BEEF |EE G0 BE PR (Bf EE ) Bf |EERQER PR EC
- & mETR o5 TR T e R g B . =¥ - =T ole -
g | 5% VARIETY OR NAME. g2 |E&s |<SF | a% Ei 53 88 | T |57 B8 | 8 E: §a- 58;’ 7eia®
g = 25 |5 |Sm | P8 |BEE|:F2| 8§ m™ 5B |aE | e [ EER A&l TS
g7 S (P9 lEC | iR ES I iaR iR g ID ER | E |15 |BRT I&E | g
3 e : - = & s CELE 5 5 ; & . :

y AR LR A A N R L iglm
1 1895-2{ Mediterranean 10,84 | 16,75 | 52.5 | 178 0| 214 ) 39.26 | B45.0 ! 536.7 | 8.3 | 8.3 8:01| 27.50 | 505.9, 509.5! 83 | 1,360
2 1435 | Crimean.............. 11.84 | 16.75| 55.8 | 190.0 | 230 | 41.29 | 557.0 | 550.83 | 6.7 | 3.2 | 246 | 31.60 | 615.6 1 521 6 ) 80 | 1.811
3 1437 | Crimean.............. 10.90 | 16.25 | 54.2 | 184.0 | 221 | 40.01 ; 551.0 \ 540.0 { 11.0 | 5.4 | 1:58 | 87.40 | 4972 | 513.3 | &5 [ 1,393
4 1438 | Ghirka winter 10.88 | 16.50 | 55.0 | 187.0 | 222 | 40.07 | 554.0 ' 546.9 | 7.1 | 5.5 | 1:57 | 30.90 | 510.6 | 518.6 | &5 | 1,893
5 1442 | Kharkov........oenntt 10.30 | 16.25 | 54.2 | 184.0 | 219 | 89.74 | 551.0' 540.6 110.4 | 2.3 | 0:58 | 31.50 | 506.8 | 517 8| &3 ' 1,860
6 1539 | Torgova 10.74 | 15.75 1 52.5 | 178.5 | 214 | 39.04 | 5455 534.9 ,10.6 | 2.4 | 1:03 ! 80.00 | &02.5 ! 502.5 . 83 | 1,360
q 1568 | Turkey.. 11.45 | 16.50 [ 55.0 | 187.0 | 226 | 40.91 | 554.0 i 543.8 ) 10.7 | 1.7 | 1:02 | 30.60 | 511.0 | 518.4 83 1,360
8 1559 | Crimean.............. 11.82 | 16.50 | 55.0 | 187.0 | 227 | 41.10 | 554.0 = 545.0 | 10.0 | 3.7 | 2:51 | 30.80 | 510.5| 519.6 | 81 | 1,827
9 1564 | Pesterboden.......... 11.26 | 16.25 | 54.2 | 184.0 | 222 | 40.29 | 651,01 545.0 | 6.0 | 5.0} 4:44 | 31.00 | 509.0 } 518.6 | 81 | 1,327
10 1571 | Turkey ............... 11.05 | 17.00 | 66.6 | 193.0 | 231 | 41.25| 560.0{ 552.1| 7.9 | 3.5 | 2:50 | 80.00 { 518.6 | 524.5 | 78 | 1,278
11 1583 | Kharkov.. 10.93 | 17.80 | 57.7 | 196.0 | 233 | 41 74 | 5A3.0, B51.6 | 11.4 | 5.2 | 8:41 | 28.00 | 518.4 | 527.3 | 80 1,311
12 1739 | Budapest.. 10.43 | 17.60 | 58.6 | 200.0 | 235 | 41.44 | 57.0' 556.5 | 10.5 | 4.8 | 3:31 { 32.50 | 519.2 | 531.4 | 80| 1,811
13 1756 | Missouri. . .............. 11.94 | 16.50 | 54.0 | 183.0 | 223 | 40.54 | 550.0 | 538.7 [ 11.80] 4.6 | 3:26 | 28.10 | 506.0 | 514.3 | 79 | 1,204
14 1757 | Japanese Velvet Chaff,, 11,05 | 15.75 | 52.5 | 178.0 | 216 | 89.63 | 545.0; 536.6 | 8.4 | 4.0 | 2:37 | 81.20 | 501.4 | 509.5 | 82| 1,343
15 1824 | Zimmerman X Turkey.. 11,60 | 16.50 | 55.0 | 186.0 | 225 | 40.68 | 558.0 | 543.7 | 9.8 | 8.1 | 2:58 | 27.90 | b12.7| 518.4 | 82| 1,343
16 1544 | Beloglina............. 11,831 ] 1700 | 56.6 | 192.0 | 230 | 40.09 | 559.0 | 550.2 | 8.8 | 8.2 2:58 | 29.20 ' 517.8 | 528.5 | 80 | 1,811
17 2906 | Currell................ 10.49 | 16.00 | 53.3 | 181.0 | 216 | 89.46 | 548.0 | 542.0 | 6.0 | 8.7 8:44 | 27.90 | 510.83 | 512.5 |79 | 1,294
18 2907 | Zimmerman 10.74 | 15.70 | 52.3 | 178.0 | 218 | 89.08 | 545.0 | 538.0 | 7.0 | 8.4 | 3:26 | 28.90 | 505.7 | 509 6 | 83 | 1,343
19 2908 | Malakoff.... 11.11 | 16.80 | 56.0 | 190 0 | 227 | 40.75 | 557.0 | 547.2 | 9.8 | 5.9 | 4:45 | 38.80 | 503.0 | 521.4 |87 | 1,425

Averages.....ooiieinin.. 11.08! 16.40 ' 54.7 1 185.7! 2231 40.14 | 552 6 ‘ 543.81 891 491...... 30.59 ! 509.51 516.91811,,,...
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TABLE 11, —Summary of baking tests. Manhattan wheats, 1906.
jed o -y =} ac] = |w] d =} [l <
g sg a8 arss » & 5-5 38 |g2% | v n-f mE g2 | § | 88 ] :c-f vgs‘? ag E-E
E i EE ig [is5 g8 % |BR gz Bl | ef |5 (R ;| D BRSERECE) AC
: g |9 B3 ® Y g |77 LE| -

g2 |8 VARIETY OR NAME. 55 qu. 98 ! g8 g 788 | 28 FT |2z (BE 1 ¢ E:— mes |88 PP g8
AR 5% 88159 TR (EE el 8% |P2IER g | 1B IBER iR Te
g | €2 (82| Pe | im |ae|:BE| 18 | B iE A | & g |2k sE gl
! T pE|PR GE REIIREI IR G ETITR R IR T JiERE
21 366 | Bearded Fife................. 11.93 } 17.0 | 56.6 193.0 133 40.15 | 560.0 | 544.2 [ 15.8 | 3.0 | 1:48 82.70 i 609.5 | 525.1 | 80 1,811
22 | 367 | Fultz....... 11,41 | 16.0 { 53.3 | 181.0 220 | 40.45 | 548.0 540.9 | 7.1 2.8 1:50| 80.20 | 507.9 | 512.6 | 82 1,848
23 | 368 | Malakoff.. 11.68 | 17.0 | 56.6 193.0 | 232 40.85 | 560.0 | 540.9 | 11.0 | 2.7 | 2:22 35.60 r 510.7 | 524,83 | 82 1,343
24 | 369 | Minnesota .. 11.45 | 16.5 | 55.0 187.0 | 226 | 40.79 | 564.0 | 542.0 | 12,0 | 4.0 | 2:89 | 36.00 502.0 | 518.3 | 78 1,278
25| 873 | Defiance.... 11.70 | 17.0 | 56.6 | 193.0 | 232 40.35 | 560.0 | 547.5 | 12.6 | 2.8 | 1:37 30.90 513.8 | 524.8 { 80 1,311
26 | 878 | Red Winter. 11.40 | 16,5 | 55.0 ; 187.0 | 225 | 40.61 | 554.0 540.2 | 183.8 | 2.7 | 2:08'| 81.00 506.5 | b518.5 | 80 1,311
27 | 570 | Turkey L1 11.46 | 16.5 { 55.0 187.0 | 228 | 40.79 | 554.0 | 546.2 | 7.8 8.8 2:48 35.40 507.0 | 518.5 | 79 1,204
28 | 578 | Kharkov.. . 1057 116.5 | 55.0 | 187.0 | 223 | 40.25 | 554.0 | b544.4 | 9.6 | 4.2 | 2:59 1 88.00 501.8 | 518.0 | 78 1,278
29| 574 | Crimean.... . 11,08 16,6 ) 55.0 | 187.0| 221 | 40.05 | 554.0 | 544.4| 9.6 | 3.5 | 2:19 | 82.00 | 508.9{ 518.4 | 82 ,343
30| 576 | Weissenberg. 10.42 | 16.5 | 55.0 | 187.0 | 2241 40.07 | 554.0 | 547.4 6.6 | 3.5 |2:55( 84.20 | 509.7 | 518.6 | 82 1,343
31| 577 | Currell..., 11.12 | 16,0 | 3.3 | 181.0 | 219 | 89,95 | 548.0| 539.9] 8.1 | 8,5 ) 2:19| 29.60| 506.8 | 512.5 | 80 1,343
82| 578 | Ghirka.......ccoviiiiiiiiins 11.50 1 16,5 | 55.0 | 200.0 | 289 | 40.71 | 587.0{ 576.9|10.1 | 3.8 |8:04 ; 37.10 | 536.0| 651.4 | 77 1,262

AVerages. . vi. iieiiinan. 11,20 ' 16.6 | 55.1 | 188.5 1 228 40411 B57.21 546.9113.31 3.4 1...... 33.50 i 510.1 ] 521,71 80 1,313
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absorption is calculated by dividing the number of cubic cen-
timeters of water absorbed by the weight of the flour. Good
strong flour takes up more than half its weight of water. The
cubic centimeters of water used for the loaf means the amount
of water used for 340 grams of flour. This amount is calcu-
lated from the result of the absorption test. The total water
in materials is this water added in baking plus the hygroscopic
water present in the flour. The small amount of water present
in the yeast is not figured in. The hygroscopic water is found
by multiplying the percentage of moisture in the flour by 340,
the amount of flour used in the baking test. The per cent of
total water in the materials is calculated on the basis of total
water present and the sum of the weights of all the materials
used. These include the weights of the flour, water, sugar,
salt and yeast.

The weight of the dough is the amount put into the pan,
and is equal to the total materials less the amount left in the
kneader. The amount of materials lost in the kneading varies
more than any other factor, but as this is corrected for in the
weight of the loaf produced, no error affecting the final result
arises from this source. The average amount varies from nine
to thirteen grams, or from one-third to less than one-half an
ounce. This small variation will not affect the volume of the
loaf as determined. The loss during rising represents the loss
by evaporation during the time of proving in the expansion
case. This loss, other things being equal, varies with the time
of rising. This latter depends on the strength and vigor of
the yeast and the resistance offered by the gluten. With yeast
of the same strength, a dough made from a weak flour rises
quicker than a dough from a strong flour. The relative stiff-
ness or strength of the gluten does not influence the time of
rising as much as the vigor of the yeast. In these two groups
of tests the time varied from one to three hours under normal
conditions. When the time was one hour, the yeast showed
unusual strength and vigor. When the time was a little over
three hours, the yeast was becoming weak. This also modified
the volume of the loaf. The loss in baking is also due to loss
of moisture. The average loss for these two groups is 30.6
and 33.5 grams. The larger variations in some cases are due
to harder baking.

As soon as the bread was taken from the oven it was
weighed, with the pan. This total weight, minus the weight
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of the pan obtained before baking, gives the weight of the hot
loaf. This weight depends on the total materials, the amount
left in the kneader, and the losses of moisture in rising and
baking. The amount of dough left in the kneader and the
losses of moisture in rising and baking have nothing to do
with the baking qualities of the flour. Corrections for these
must be made if the weights of the loaves are to be comparable
and dependent on the absorptive power of the flour.

The loss of moisture will vary a few grams under the best
conditions, and as much as eight or ten grams when the cir-
cumstances are less favorable. If no dough were left in the
kneader, no correction would be necessary for this. As that
is practically an impossibility this dough is figured with the
bread. If the dough left in the kneader had been proved and
baked under the same conditions as the loaf of bread, it would
have lost the same per cent of moisture. To correct for the
dough left in the kneader we ascertain the average amount
lost during rising and baking. Calculated on the basis of the
average amount of materials used in these tests, this loss is a
little over six per cent. The loss during rising and baking is
very nearly 35 grams. As fractions have no significance in
these calculations the round numbers, six per cent and 35
grams, are used. Subtract six per cent from the weight of the
dough left in the kneader and add the remainder to the weight
of the loaf. Ascertain the loss during rising and baking. Find
the difference between this and 35. The amount less than 35
is subtracted and the amount greater than 35 is added to the
weight of the loaf together with the correction for the weight
of the dough left in the kneader. If less than 35 grams of
moisture are baked out, less than the average amount of water
is removed and the loaf is heavier than the other loaves by so
much, and the weights would not be comparable unless the
amount is subtracted. On the other hand, if more than 35
grams are baked out the loaf is lighter by that much and the
difference in loss should be added.

The volume of loaf was obtained as described above under
methods of making baking tests.

With all the care and the corrections noted above, the dif-
ficulties of obtaining strictly comparable tests are more evident
to the one who has made the tests than to any one else. Scien-
tific tests should be subject to uniform and accurate measure-
ments, and all the conditions should be under the operator’s
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control. That these conditions are not fulfilled in the baking
tests is true, but nevertheless the baking test stands to-day
as the most reliable test that we have for flour.

That the differences in the tests on the flours in these two
groups are not more pronounced is an evidence of their uni-
form good quality. Preliminary tests were made on some of
the best patent flours made in this state. The results showed
that the patent flour made from these two groups was of a
high grade.

The figures of most value in the above tables are the per
cent of water in the flour, the percentage of absorption, the
per cent of total water in the materials, the corrected weight
of the loaf, and the loaf volume. The absorption test is capable
of accurate measurement in experienced hands, and the varia-
tions are due to differences in the gluten of the flour if their
moisture content is the same. That the percentage of
absorption depends to a considerable extent on the amount of
hygroscopic water present in the flour is shown by the columns
showing “total water present’’ and “per cent of total water
present in materials.” There is much less variation in these
than in the percentage of absorption. The per cent of total
water shows the relative absorptive power due to inherent
qualities of the flour. The corrected weight of the loaf shows
that the weight of the bread obtained depends more on the
amount of water used than any other factor. The average
amount of water in the dough as made is a little over 40 per
cent. As the dough loses about six per cent in rising and
baking the moisture content of the fresh bread is about 34
per cent. This is lower than in some varieties of baker’s
bread, and higher than in some home-made bread. The hot
loaf loses moisture very rapidly the first half hour after it is
taken from the oven. The cold loaf has less moisture than
the above figure. As soon as the bread becomes cold the rate
of loss of moisture becomes slow if the bread is kept in a cov-
ered place. The loaf volume shows the power of the dough to
expand in the oven and thus produce a large loaf. These results
are valuable if the measurements are uniformly and accurately
made and the figures are used with judgment.

Sometimes, as will appear later, a poorer quality of flour
will show a larger loaf volume than a better flour. The loaf
volume may also be influenced by the amount the dough is al-
lowed to rise in the expansion case.
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TABLE 12,—Summary of baking tests. Gluten expansion dough., McPherson flours, 1906.
1) 2 g ) ] = = g w3 3
o] o © o @ — g o8-} e & < "<
g 38 | BE: | BS | BE | B2 | BE | EE | BE | EE
- 8 k!
| M| B df g | PR gF ) BE 29| 2

i = : 2 £.
2R ER L ER B2 s TET )RR IR IR
A : rg o : f &
1 1,395-2 10,64 53,30 181.0 563.0 8:40 19.60 1:50 22.80
2 435 11,84 55.80 190.0 512.0 8:05 17.80 2:56 10.80
3 1,437 10,90 54,16 184.0 666.0 2:30 19.20 1:26 21,40
4 1,438 16.38 556.00 187.0 569.0 2:10 18.60 1:35 20,50
5 1,442 10.80 54.16 184.0 586.0 1:50 19.80 1:26 21.00
6 1,539 10.74 52.60 178.5 560.5 1:566 19.00 1:40 20.50
7 1,558 11.46 65.00 187.0 569.0 6:13 17.00 2:20 19,60
8 1,559 11.82 55,00 187.0 569.0 2:55 18.70 1:40 20.70
9 1,564 11.26 B4.16 184.0 566.0 2:50 18.50 1:36 20.00
10 1,571 11.05 56.60 193.0 875.0 5:10 17.20 2:10 19.70
1 1,588 10,83 57.60 193.0 575.0 65:30 18.50 2:10 20.00
12 1,739 10.43 8,60 200.0 582.0 4:30 17.10 2:40 19.50
13 1,766 11.94 54,00 183.0 565.0 3:66 20.90 160 19,50
1 1,767 11.056 52.50 178.0 0.0 5:00 17.80 2:10 21.50
16 1,824 11,60 55.00 186.0 568.0 4:45 17.60 1:56 20.80
16 1,544 11.81 56,80 192.0 574.9 3:20 20,00 2:13 21,10
17 2,908 10.49 63.30 181.0 563.0 4150 17.00 1:40 20.50
18 , 807 10.74 52,80 178.0 560.0 5:00 18.00 1:50 22.00
19 2, 1n.11 56.00 190.0 572.0 3:10 19.50 2:45 22.80
Average..] 11.05 | 5482 186.1 568.1 ? 4:26 18.46 1:59 20,72

TABLE 13.—Summary baking tests. Gluten expansion dough. Manhattan flours, 1906.

ji

w 2 b o 3 = ] Joc] <] =
o] =) ¢ p o [ =] ] < 78] w <
g 3 1B | §f | BF | BE | EE | GE |gE | it
5 2% 2% AT 2y e g g g
g 5% | E3 | <=2 | 8% | FE g B | 55| 22
5 iR 8% | Ea . B2 ‘g o g% | ER | &% | EB
8 : s | Bp ) ® i g g
z H : ;LA 7 : : 0 ®
21 366 11.78 58.80 [ 198.0 580.0 3:05 20.60 2:00 21,50
22 867 11.41 53.30 ;| 181.0 563.0 3:60 15.80 2:10 22.00
23 368 11, 56.60 \ 193.0 575.0 3:556 19.00 2:16 20.70
24 369 11.45 56.60 | 193.0 575.0 4:10 18.00 2:15 18.50
26 373 11.70 56.60 103.0 615.0 2:55 19.50 2:00 22.00
26 378 11.40 55.00 r 187.0 569.0 3:15 19.40 2:30 18,50
27 570 11.46 56.00 | 187.0 569.0 4:10 18.50 2:20 22.00
28 578 10.57 55.00 187.0 569.0 4:05 18.70 2:00 20.80
29 574 11.08 56.00 187.0 669.0 3:40 18,40 1:40 20.60
30 516 10.42 55.00 187.0 569.0 3:40 19,50 2:00 21.00
31 571 11.12 53.80 | 181.0 563.0 3:30 18.50 1:650 21,40
32 678 11.50 55.00 . 187.0 569.0 [ 8:15 16.50 1:46 18.70

Average,! 11.29 55.89 ‘ 188.40 570.4 | 8:37 18.80 2:46 20.72

GLUTEN EXPANSION DOUGH.

The gluten expansion tests were conducted as previously
outlined. The purpose was to test the quality of the gluten.
The first six columns have the same meaning as in the previous
tables. The total time first rising denoted the time the dough
took to rise to the point where it began to fall. When this
happened the reading was taken and the dough was kneaded
for a few minutes and the process of rising was repeated.
The time for the first rising is more than twice that of the
second rising. This must be due to the increased vigor of the
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yeast, or the decreased resistance of the dough, or both. The
total height in the second rising is also greater. This same
phenomenon is observed in a different way in the ordinary
baking. The second rising takes less than half as long as the
first, and the loaf volume is greater in a loaf which has been
knocked down than in a loaf which has not been.

The tests with the gluten expansion dough do not seem to
furnish any aditional information which is valuable beyond
what was learned in the straight dough baking test. For this
reason this method of testing has been discontinued for the
present.

SPECIAL BAKING TESTS.

The purpose of these experiments was to obtain data for
working out a more satisfactory method of making baking
tests. The results of these tests are shown in table 14. All
the tests, excepting numbers 12 to 15 and 24 to 28, were made
on a sample of patent unbleached flour obtained from the
Manhattan Milling Company. The general plan was to make
the tests for each group identical except in the one particular
under investigation.

INFLUENCE OF VARYING AMOUNTS OF WATER.

Tests 1to 3 show the effect of using different amounts of
water in making the dough. In No. 1 as much water was used
as good working of the machine would allow. In No. 2 the
dough was made of the same stiffness as the standard used in
the baking tests. The absorption test showed that 17.5 cc. of
water for 30 grams of flour would make a dough of standard
stiffness. This, then, was the amount for No. 2. For No. 1,
18.5cc. were used, and for No. 3 16.5c¢cc., and on this basis
the amounts of water needed for the loaves were calculated.
Photographs of the loaves are shown in plate 12. The coarser
texture of loaf No. 1 shows the softening effect of water on
the gluten. The closer texture of No. 3 shows a greater
resistance of the gluten due to a smaller amount of water. It
is evident that when comparative tests are made the dough
must be made of a standard stiffness, if texture is to be in-
cluded in the comparison. It is also evident that good bread
may be made by this method of baking, even if the water con-
tent varies considerably. Unless great care is used in making
the absorption test, this has very little value in determining
the amount of water to be used in making the baking test.
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TABLE 14.—Special baking tests.
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:z gnc-é w:‘; o'—§ § n.f g 2 § oc‘§ waa 8 oz
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g ga8 88 |28 | 4 | &z = g £y o9 2w
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2 Fe 50 8 : J : n an | g
. v S‘ M F2- 2, g = R . : H ? h @
: & e R & £ : B
To show effects of — .
1 different amounts of water.,. 18.5 61.6 210 577 556 1:18 15 539 559 5 37 32
2 different amounts of water. 17.5 58.8 198 565 562 1:18 14 537 548 5 40 35
3. different amounts of Water.........covvviiiiiiiiniiiniiiereines 16.5 55.0 186 553 536 1:34 14 522 537 5 88 33
4 knocking down 3 times.......oiveieiieiiiiiiii i 16.0 53.8 180 547 531 3:08 28 508 530 5 45 40
5 knoeking down 2 times.......covviiiiiiii i i i 16.0 63.3 180 547 538 2:18 23 514 530 5 46 41
6 knocking downl time........coooiiviiiiiiiiiiiii i 16.0 53.3 180 547 538 1:46 17 520 6535 | b 47 42
7 knocking down 0 time...,...coviiiiiiiii it i e 16.0 58.3 180 547 538 1:08 14 523 530 ;7 b 38 33
8 rising in expansion case Smm........oiiiiiiiiiiii i 16.5 55.0 187 554 542 1:27 19 522 637 ! 5 33 28
9 rising in expansion case 10 MM......cvvveivviniin i innainns 16.5 55.0 187 554 542 1:38 19 622 537 1 10 34 24
10 rising in expansion case 15 mm .......eiiiiiiiiii it 16.5 55.0 187 554 550 1:47 12 537 543 | 15 37 | 22
11 rising in expansion case 20 MM . ... vvirivi i i, 16.5 55.0 187 854 543 1:58 12 530 543 | 20 37 17
12 5 gm, yeast onsoft wheat flour.............ocoivii il 15.0 50.0 180 532 518 3:58 21 498 515 | 4 24 20
13 10 gm. yeast on soft wheat flour..........coivviiviiiiiiiinnan 15.0 50.0 170 537 524 1:46 15 508 520 0 27 27
14 knocking down, soft wheat.................. 15.0 50.0 200 621 611 3:24 18 589 601 5 59 54
15 8 gm, yeast on soft wheat flour.............cooiviiiiiiiin 16.5 55.0 187 535 527 2:38 |...... 503 507 5 23 18
150 6gm, yeast on soft wheat.......o e iiiiiiiiiiinriieiiraiinnens 16.5 55.0 187 543 536 1:32 18 517 526 5 23 23
16 2 gm. yeast, patent flour, hard wheat.................ooevinn 16.5 55.0 187 546 536 3:12 14 521 530 5 29 24
17 4 gm. yeast, patent flour, hard wheat.. 16.5 55.0 187 548 536 2:06 14 521 532 5 29 24
18 8 gm, yeast, patent flour, hard wheat.. 16.5 65.0 187 652 537 1:30 16 520 585 5 35 30
19 16 gm. yeast, patent ﬂotir. hard wheatééé 16.5 55.0 187 560 548 0:45 14 533 543 5 42 37
: initial temperature . = .
20 starting to bake‘: final tlemperature 4%97%&:' RN 16.5 55.0 187 554 544 1:05 17 626 537 5 41 36
: initial temperature o ehserei e . E
21 starting to bake-; final i:emperature 42300 pen 18.5 55.0 187 554 539 1:02 18 520 537 5 38 33
: initial temperature 428°.................... . =
22 starting to bake% fingl t! emperature 462;’. RN 16 5 55.0 187 554 542 1:03 18 528 537 5 40 35
: initial temperature 475°. ............ .00l .
23 starting to bake% final temperature 2765. .. o verreiiei, 16.5 55.0 187 554 538 1:04 |..... 530 545 5 44 39
24 flour sifted over 12 cloth................... e, 16.5 55.0 56 165 163 1:43 10 153 154 5 26 21
25 flour sifted over 14 eloth........ooivniiveiiiiiiieiiiiiiinense ] 185 65.0 55 165 163 1:31 9 154 155 5 23 18
26 flour sifted through 14 eloth............... et e 16.5 55.0 55 165 163 1:43 9 154 1855 5 17 12
27 flour mixed with siftings of shorts.............c.ooviiiii il 16.6 56.0 55 165 161 2:20 7 154 156 2 | fell I..,.
28 regular patent Manhattan No. L..... . ooiiiiiiiiiiiiiiauiiaa.. 16.5 -56.0 55 165 163 1:30 11 162 158 5 19 14

06

‘Ragsimayy fo quoamavda(q
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The oven expansion shows very little difference in these loaves.
The oven expansion seems to be relatively independent of the
amount of water used for the loaf.

A NEW DESIGN FOR TEST BAKING-PANS.

The baking tests conducted on the flour from the crop of
1906 demonstrated that loaf volume depends to a very large
extent on the amount of rise before the loaf is put in the oven
to bake. The desirability of more correctly measuring the
amount of rise in the oven was also made evident. To ac-
complish these two ends a special baking pan was designed and
constructed. These pans were made in two sizes, one to bake
a pound loaf using 340 grams of flour, and the other using
100 grams of flour for making tests on small amounts.

The lower part is in the form of a truncated cone and the
upper part is cylindrical. This form of the lower half facili-
tates the removal of the loaf after baking, and this has also
such capacity that the dough fills it entirely when the proving
is complete. The subsequent rise in the oven is vertical.
Through the center of the cover frame passes a small shaft to
the lower end of which is attached a cupped disk. This shaft
is held in a vertical position by means of a short piece of brass
tubing, through which it passes. This allows a free up-and-
down motion. This disc is cupped so as to fit the top of the
roundish dough as it rises. The measurements as to the amount
of rise before baking and in the oven are made on the shaft
above the brace which holds the brass tube in place. The dis-
tance is measured between the cap of the shaft and the brass
tube, and the measurement is taken by means of a pair of
dividers. These distances are measured in millimeters. (See
plates 10 and 11.)

Prate 12, Effect of varying the amount of water used in
making dough. No. 1, 18,5 ce. to 30 g. flour. No. 2, 17.5 ce.
to 80 g. flour. No. 3, 16.5 ce. to 80 g. flour.

—3—117
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EFFECT OF WORKING THE DOUGH REPEATEDLY.

Tests 4 to 7 show the effect on the dough of allowing it to
rise a standard amount and knocking it down again. As
soon as the dough had risen the standard five millimeters it
was put in the kneader and worked for two minutes, when it
was put in the pan and allowed to rise again. No. 4 was
knocked down in this manner three times, No. 5 two times,
No. 6 once, and No. 7 was baked as soon as the dough had risen
the standard amount. The resulting loaves are shown in plate
13. The dough was made hard in each case to facilitate the
subsequent handling. The loaves show little difference in
texture. The loss in rising and baking is proportional to the
number of treatments. The most noticeable effect is the net
rise in the oven. Those that were knocked down show no
material difference, but in No. 7 the effect of not knocking down
is very decided. That the effect of knocking down once has a
very decided effect on the net rise in the oven was noted in
several preliminary trials, but that several repetitions of such
treatments should show no difference was not known. If
Nos. 4, 5 and 6 show any significant differences, the effect of
knocking down more than once is to show a weakening in the
expansive power of the dough or of the vitality of the yeast.
It may be that with a weaker flour greater difference would
have appeared. If that is the case, the flour which stands
better the longer period of fermentation shows the greater
strength.

EFFECT OF DIFFERENCES IN THE EXTENT OF THE RISING.

Tests Nos. 8 to 11 show the effects of different amounts of
rising before the loaf was baked. No. 8 was allowed to rise
five millimeters, No. 9 10 mm., No. 10 16 mm., and No. 11
20 mm. The most noticeable effect was on the texture and the
net rise in the oven. There was a progressive increase in
coarseness of texture corresponding to the increased rising
before baking. The net rise in the oven showed a constant
decrease while the total rise increased. The time of rising
averaged ten minutes more in each case. This comparatively
small increase in time would not materially affect the yeast,
so the result of oven expansion is due to causes altering the
condition of the dough. The results show that if the dough is
allowed to prove longer than the standard amount, there will


IET n/a



wistorical ©°

yral EXPE!
agriculv
wansas A9

cume

riment S124"

nt

«

94 Department of Chemistry. {Bull. 177

PLATE 13, Effect of allowing the dough to rise a standard amount and
then re-kneading one or more times. No. 7, not reworked. No, 6, reworked
once. No. 5, reworked twice. No. 4, reworked three times.

be a small increase in the net rise in the oven, but not corre-
sponding to the additional rise before baking. The oven expan-
sion results from the retention of the gas by the dough. As
the time of proving is prolonged this power is weakened, and
there is a corresponding less net rise in the oven.

TESTS OF PATENT FLOUR FROM SOFT WHEATS.

Two tests from soft wheats were made which differed in two
particulars: the amount of yeast, and the amount of rising
before baking. For No. 12, five grams of yeast were used; for
No. 13, ten grams. In No. 12 the rise was four millimeters
when put in the oven;in No. 13 it was zero, that is, the dough
had risen just enough to touch the disk. The time of proving
was three hours and fifty-eight minutes in No. 12, and in No.
13 the time was one hour and forty-six minutes, a difference
of over two hours, due to the amount of yeast. No. 12 was
coarse in texture while No. 13 was very fine and light. The
net rise in the oven was greater in No. 13 than in No. 12.
This increased rise is evidently due to the presence of a greater
amount of yeast. Stiff dough and a short rising period give a
fine texture to bread made from soft wheat flour.

Test No. 14 was made on a break flour from Tennessee soft
wheat. After rising the standard amount the loaf was knocked
down. This loaf shows a greater net rise in the oven than any
flour so far tested. A large expansion in the oven is not
always an indication of superiority in quality of flour. A
second-grade flour may give a larger loaf volume than a patent
flour from a stronger wheat.

In tests Nos. 15 and 15athe same kind of flour was used as
in 12 and 13. In these latter the dough was mixed hard, while
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in 15 and 15a it was made as soft as it could well be worked.
In preparing 15, three grams of yeast were used, and in
15a, six grams. AS in 12 and 13, the loaf having the larger
amount of yeast showed the greater amount of expansion.
Loaves from 15 and 15a were of coarse texture. This would
be expected from the results obtained in Nos. 1, 2 and 3.

EXPERIMENTS USING DIFFERENT AMOUNTS OF YEAST.

Four tests, Nos. 16 to 19, were made on patent hard wheat
flour, using two, four, eight, and sixteen grams of yeast for the
respective loaves. These loaves are shown in plate 14. The
notable differences in the results are time for rising, total and
net expansion in the oven, and texture. The time of rising
varies inversely with the amount of yeast, being 45 minutes
where 16 grams are used and three hours and 12 minutes
where two grams are used. The time of rising is not exactly
inversely proportional to the amount of yeast used. If this
were the case the time for rising for No. 16 would be six hours.
The time of rising is very nearly in an arithmetrical ratio,
while the amount of yeast used is a geometrical ratio. The
total and net expansion shows an increase, if we except No. 17,
which does not show any increase over No. 16. The best
texture was found in Nos. 17 and 18, the other two being
notably coarser. From the tests on the soft wheat flours we
found that a longer period of fermentation due to a less amount
of yeast results in a coarser texture, and a shorter period in
a finer texture. This is found true of hard wheat flours if
we compare Nos. 16 and 17. No. 18 is not very much different
from No. 17, but the texture of No. 19 is coarser than No. 16.
We find then that coarse texture may be due to a long period
of fermentation because of a small amount of yeast, and also
due to a very large amount of yeast. In a long period of fer-

16 7 ¥4 /9

Prate 14, Effect of differing amounts of yeast, No. 16, had 2g. yeast;
No. 17, 4g.; No. 18, 8 g,, and No. 19, 16 g. :
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mentation the gluten is weakened and the result is a coarse
texture. A large amount of vigorous yeast will also produce
coarse texture, as the gluten is weak when measured against
the force due to the extra amount of yeast. It should also be
noted that patent flours from hard wheats are not so sensitive
to these different influences as are the flours from soft wheats.

EFFECT OF DIFFERENCE IN INITIAL BAKING TEMPERATURE.

Tests Nos. 20 to 23 were made to show the effects of dif-
ferent initial temperatures for baking. Nos. 20, 21 amd 22
were put into the oven at a lower temperature than usual and
then the temperature was raised to the usual point at which
the loaf was finished. No. 20 was started at 265° C., and the
final temperature was 430° C. No. 21 was started at 370° C.,
and the final temperature was 466° C. No. 22 was started at
428° C., and the final temperature was 460° C. This was nearly
the normal temperature. No. 23 was started at 475° C., and
then lowered to 276° C., at which it was kept. The results
naturally show a difference in the time of baking. They also
show differencesin the total and the net expansion in the oven.
This latter shows no apparent correlation with the conditions
under which the loaf was baked. The time for baking No. 20
was 45 minutes, No, 21, 40 minutes, No. 22, 38 minutes, and
No. 23, 45 minutes. This last loaf developed no brown crust on
the outside, although the crumb was good.

TESTS OF FLOURS DIFFERING IN FINENESS.

Tests Nos. 24 to 28 were made in the small baking pans.
The quantity of each ingredient was the same in the five trials.
One hundred grams flour, four grams yeast, four grams sugar
and two grams of salt were used, together with 55 cc. of water.
For Nos. 24, 25 and 26 patent flour was separated into three
grades of granulation by means of sieves. For No. 24 such
flour was used as remained on a No. 12 sieve after prolonged
siftings. For No. 25 the flour used passed through a No.
12 sieve but was retained by a No. 14 sieve, and for No.
26 flour that passed a No. 14 sieve was used. For No. 27 the
same kind of flour was used as in No. 26, but this was mixed
with one-third its weight of siftings from shorts. These sift-
ings were obtained by putting some fine shorts on a No. 14
sieve together with a handful of wheat kernels and sifted for
some time. No. 28 was baked from a normal flour and serves
as a check on the others.
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The differences in results are found in the time of rising,
total net reading in the oven. The time of rising is the long-
est in the case of No. 27. The fine flour together with the fine
branny material has a retarding effect on the yeast. This
loaf would not rise as high as the others in the expansion case,
and instead of rising more in the oven, it fell. In the others
there is a regular increase in the rise in the oven corresponding
with the size of granulation. Whatever the reason may be the
larger granulation results in a larger loaf. These results point
in a definite direction and the results should be confirmed by
more extended trials.

BAKING TESTS ON FLOURS FROM WHEATS OF CROP OF 1907.
FLOURS FROM MANHATTAN AND MCPHERSON WHEATS.

The summarized data for baking tests on flour from Manhat-
tan and McPherson wheats, crop of 1907, are found in table 15.
The meaning of the column headings will be clear from what
has been said about the previous tables. The percentage of
absorption is in all cases lower for the soft wheats as com-
pared with the hard. The average percentage of absorption
for the soft wheats is 50.80 and the hard is 55.88. The
average per cent of total water for the soft wheats is 38.49
and that for the hard is 40.58, a real difference of over two
per cent in favor of the hard wheats. From the other data
presented it is clear that the tests were conducted with quite
uniform conditions. The factors of largest variation beyond
control are the amount of dough left in the kneader and the
loss during rising. An attempt is made to correct for this
in the column headed weight of baked loaf corrected. These
corrected weights vary very nearly in the same ratio as the
weight of the total materials. That bread loses considerable
moisture the first few hours after baking is shown by the
column headed “weight of baked loaf, cold.” The average loss
in this way is 30 grams, or nearly twice the amount lost in
rising and baking. The greater part of this loss takes place
the first few hours after the bread is baked.

Expansion in Oven and Volume.

As before noted, the rise in millimeters in the oven is the
net amount of rise of the loaf in the oven measured on the
shaft. This factor is very closely related to volume. That
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large expansion and loaf volume is not always related to
strength of flour is seen from these figures. The largest rise
and loaf volume is in No. 56, a soft wheat flour. This has the
lowest percentage of absorption. The texture of this bread
was quite coarse, showing a weak gluten. In milling this wheat
it was noticed that a musty smell was present. The kernels
appeared shrunken and immature. In consulting the yield
we find 7.17 bushels per acre. This loaf had the shortest time
for expansion. This was not due to the yeast, because tests
Nos. 55, 56, 57, and 64 were all made the same day, in the
order given, with the same lot of yeast; yet the time for
proving for No. 56 is one-third less than for any of the others.
The expansion in the pan does not mean exactly the same as
the loaf volume. If the loaf is more rounded on top the pan-
expansion will be larger than with another loaf, the actual
volume of which is the same, but which is flatter on top. Hence
the disagreement between the rise in millimeters in the oven
and the volume of the loaf.

In ascertaining loaf volumes, these loaves, being round, were
placed in a tin can made nearly the size of the loaves. Then
flaxseed was added from a 1000cc. graduated cylinder reading
to 10cc. The capacity of the can being known the loaf volume
was calculated from the readings of the cylinder. The volume
in cubic inches was calculated from the volume in cubic cen-
timeters. All the six hard wheats grown at Manhattan in
1907 were of excellent quality, and the flours produced from
these wheats were correspondingly good. If we arrange these
six wheats in the order of percentage of absorption we have
the following result:

Serial Percentage Rige in oven,

number. of absorption. Millimeters.
62 60.00 24
59 58.30 38
60 56.60 34

63 ‘ 56.60 20 -
58 55.00 35
61 55.00 28

It is evident that in order to compare these flours we must
take into consideration both the percentage of absorption and
the oven expansion. Thus in choosing between 62 and 59 we
casily see that No. 59 is the better flour. The percentage of
absorption shows that it is a strong flour. While the ab-
sorption is not equal to No. 62, the greater expansion more
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% TABLE 15.~Summary of baking tests. Manhattan and McPherson wheats. 1907.
w 2 y sl 3| @2l w| 5] =0 o= £ sl = = w om < «
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£ i Sig el BI OGER|EE 87 |9E BEsgiEd 7 BE fEerapremsefeflzeces
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E | #5 | VarmryorName. | 852 Bomel 25 Eeg| 2§ 82 g ?‘@55 RE | g E; g&gg%g:ﬂ-gg@go Bot|28
2|1 & S8 | 88% 5% BERIRE ig | F |w% ERing| n | L E Eralkosf solER2E|"8alEs
E) : S€81 g9 |ZZAlEe 8 g % Gk o T [BEETRET gTiegiggl 3aD
g : REcl P @Tg|lE  PE [LEfE BTIEN B iF RRBE LR SBIET BPiEE
; PRI PREECEEIE C(E R EE T R T B TERE
53 1,539 | Torgova 10.64 15.75 52,30 | 178 214 39.26 ‘ 545 528 | 17 | 2.00 ‘ 1:43 15.00 511 529 483 ‘ 526 ) 1220 4
54 1,571 | Turkey... 11.02 16.00 53.30 ‘ 181 218 39.78 548 536 | 12 {1 1.00 | 1:86 18.00 517 531 486 5 | 34 | 1300 79

B 55 2,906 Cprrell ................ 10.18 15.50 51.60 , 176 211 38.85 543 531 112 ] 1.02 J 1:02 15.00 5156 528 490 5 | 85 | 1400 85

;3 56 2,907 | Zimmerman .......... 10.13 15.00 50.00 | 170 204 6.12 519 |18 | 1.00 | 0:41 18.00 500 520 475 5| 49 | 1515

3 57 367 | FultZe......o....... .- 9. 15.50 51,60 ( 176 210 38.67 548 531 | 12 | 1.00 ] 1:156 13.00 517 528 493 5123 1250

& 58 368 | Malakoff...,.......... 10.52 16.50 55.00 | 187 222 40.00 554 542 1 12 | 1.00 ; 1:21 14.00 527 538 486 5| 85 | 1830

~ 59 369 | Minnesota............ 10.86 17.50 58.30 " 198 235 41.59 565 648 | 17 [ 1.00 | 1:07 i2.00 535 550 500 5 (388 |......

E;‘ 60 373 | Defiance.............. 10.50 17.00 56.60 | 193 229 40.89 560 542 118 | 1.00 | 1:10 15.00 526 542 498 5184 |......
61 380 | Turkey.....ovvuvvnnn., 10.46 16.75 54.10 180 225 40.39 557 540 | 17 | 1,00 | 1:22 15.00 524 540 196 51281......

I 62 574 | Crimean..... ... 10,51 18.00 60.00 204 240 42.08 571 559 [ 12 | 1,00 | 1:40 13.00 545 556 506 ‘ 5124 1210

< 63 576 | Weissenberg. .o..l 10.35 17.00 56.60 193 228 40.92 560 547 [ 13 | 1.00 | 1:19 15.00 531 543 495 520 | 1180

:g 64 577 | Currell................ 10.95 | 15.50 | 51.60 | 176 | 213 | 39.22 | 543 | 533 { 10 | 1.00 | 1:20 1 14.00 ; 518 | 526 | 496 " 5|26 | 1250

2 Averages.......... 105 | 16.50 | 54.19 | 185 | 210 | 39.69 | 552 | 638 | 14 | 1.05 | 1:18 | 14.75 | 522 | 538 | 4s2 | 5 81 | 1995

&

g; TABLE 18. Summary of baking tests. Minnesota wheats. 1907.
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= 65 163 Fife...... v, 13.30 16.00 53.30 181 226 41,24 548 538 [ 10 { 1.00 | 1:08 14,00 523 534 488 5181|1290 79

— 66 165 Fife.........oovvvuis. 12.23 15.00 50.00 170 211 39.12 539 530 91 1.00 | 1:37 14.00 515 522 402 51211 1230 5

8 87 169 Minnesota ........ ... 12.94 16.50 55.00 187 231 41.66 554 542 2] 1.00 | 1:06 15.00 526 537 | 490 5185 1310 79

— 68 183 | Bearded Fife......... 13.63 | 16.00 | 53.30 | 181 | 227 | 41.42 | 548 | 537 (11| 1. 0! 1:07 | 13,00 | 528 531 492 ) 5128|1800 | 79
69 529 Minnesota............ 12,03 16.50 §5.00 187 228 41.15 554 543 (11 1 1.00 | 1:08 14.00 528 537 495 5| 82 [ 1300 79

b'o k(1 1,008 Minnesota............ 11.88 17.00 | 56.60 198 233 41.45 562 555 711.06 | 1:35 15.00 539 | 545 506 5| 80 | 1260 76

i Averages.......... 12.66 16.16 53.80 143 226 41.60 551 541110 1.00 | 1:16 15.80 526 534 492 5130 1281 78
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than offsets this difference. Nos. 60, 63, 58 and 61 are easily
rated in the order of oven expansion.

The results on the flours from soft wheat do not show the
same correlation between the percentage of absorption and the
oven expansion. But the texture of the loaves Nos. 55 and
56 shows that the large oven expansion was due to weakened
gluten, and so these are classed as inferior to Nos. 57 and 64.

The loaves illustrated in plate 15 were made from soft wheat
flour. No. 56 is from the poorest wheat and shows the largest
oven expansion and loaf volume.

Plate 16 illustrates loaves made from hard wheat flour. The
uniform, even character of these loaves is apparent.

i

PraTeE 16. Loaves from wheat raised at McPherson, Kan. No. 85, Currell;
No, 56, Zimmerman; No. 57, Fultz; No, 64, Currell.

PraTe 16. Loaves from Kansas wheats, crop of 1907. No. 58, Malakoff;
No. 59, Minnesota; No. 80, Defiance; No. 61, Turkey.

FLOURS FROM THE MINNESOTA WHEATS.

The data for the tests on the Minnesota and Dakota wheats
are found in table 16. All these flours have a high percentage
of absorption, but not as high as the average of the flours from

hard wheats grown at Manhattan. The percentage of ab-
sorption is greater than that of the flours from the Kansas soft
wheats, and less than that of the hard wheat flours. In per
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cent of total water used for the loaf these flours average well.
These flours are very uniform, a desirable quality. If they
are arranged in the order of percentage of total water we have
the following:

TABLE 17.

Serial Per cent Oven
number, total water. expansion,
67 41.66 35
70 41.45 30
68 41.42 28
65 41.24 T 31 .
69 41.15 32
66 39.12 21

With the exception of No. 66 all are strong flours, both in
absorptive power and oven expansion. In grinding No. 66 it
was noticed that it had more the characteristics of a soft wheat
than a hard. In kneading, the dough had a tendency to sticki-
ness.

The loaves from four of the Minnesota wheats are shown in
plate 17. No. 67, from Minnesota 169, has the most even
texture. As this flour leads the others both in per cent of
total water and oven expansion, it is easily the best of the

group.

65 &7 &% 69
Prate 17. Loaves from Minnesota wheats, crop of 1907. No. 65, Fife;
No. 67, Minnesota; No. 68, Bearded Fife; No. 69, Minnesota,

FLOURS FROM TENNESSEE WHEATS.

The summary of these is found in table 18. Although
the per cent of moisture is lower than the Minnesota wheats
the percentage of absorption as well as the total water is less.
These were typical of soft wheat flours and had all the desir-
able qualities looked for in such flours. These four loaves
were baked the same day from the same lot of yeast, and so
all the differences are due to the flour itself. The relation


IET n/a



cument
e S0

wistorical 0°

ansas AS Expe
ansas AC cutural EX°°

102 Department of Chemistry. [Bull, 177

between the rise in millimeters in the oven and the percentage
of total water present is uniform. The loaves are shown in
plate 18. They are uniform and typical for bread made from
soft wheat. The texture is somewhat poorer as the percentage
of total water decreases. Thus we classify Nos. 72 and 73 as
superior flours as compared with 74 and 75.

7% N 74 75
PLATE 18. Loaves from Tennessee wheats. No. 72, Mediterranean; No. 78,
Poole; No, 74, Fulcaster; No. 75, Fultz.

FLOURS FROM THE WASHINGTON WHEATS.

These tests are summarized in table 19. With the exception
of Turkey Red, these flours are weaker in percentage of ab-
sorption than any others of the flours in these series. Turkey
Red is a hard wheat and gives a correspondingly strong flour.
The other wheats produce a flour typical of soft wheats. As
soft wheats these are inferior in oven expansion to the flours
from the Tennessee soft wheats. The oven expansion shows a
uniform relation between the percentage of total water and the
percentage of absorption, if Turkey Red is left out of com-
parison. A strong flour may have a smaller oven expansion
than a weak one when the flours are from different classes of
wheat. The Red Russian is easily classed as the poorest. The
loaves from four of these wheats are shown in plate 19. The
coarse texture of the loaves from the soft wheats shows the
weak character of the gluten. The texture of No. 76, Turkey

PLATE 19, Loaves from Washington wheats, No. 77, Little Club, No. 78,
Forty Fold; No. 79, Red Russian; No. 80, Western Blue-stem.
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Volume of loaf, | RE2EL | R Volume of loaf, | BRIBY |
cubic inches.. cubic inches ..

Volurne of loaf, o o Volume of loaf, | cocoo | o
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Red, was equal to that of the best bread from hard wheat flours.
If the oven expansion is to mean anything, it is evident that
standards have to be adopted for different grades of flour.
Also the best ratio between the total water present and the oven
expansion should be determined for different classes of flours.

BAKING TEST COMPARING PATENT, BREAK AND TAILINGS
FLOUR FROM THE SAME WHEATS.

The summaries of these tests are found in tables 20, 21, 22,
and 23. The column headings will be understood from what
has been said regarding previous tables. The amount of water
used was the same for the three kinds of flour from the same
wheat. Its amount was determined from the previous baking
tests, but a less amount was used for the patent flour in these
tests in order that with the same amount of water a work-
able dough might be made with the break and tailings flours.
One-half cubic centimeter less than the amount absorbed by
the 30 grams of patent flour in the previous tests was used
as a basis of calculating the amount of water needed. Thus
if 16cc. was found to be the correct amount in the previous
test, the proportion 15.5: 30:: x: 100 would give the amount
of water added.

These tests were made in the small baking tins. Unfor-
tunately not enough flour was available to make comparative
absorption tests, but from the results obtained the strength
of the patent flour as compared with the others is clearly
apparent.

The most notable features in these comparative tests are
the per cent moisture, per cent total water, time for rising,
net rise in oven, volume of loaf, and color of loaf. These data
are summarized in tables 24, 25, 26, and 27. The patent
flours, with the exception of those from Washington, average
higher in moisture than the break flours. The tailings flour
is in all cases lower than the other two. This low moisture con-
tent of the tailings flour is due to loss of moisture in grinding.
As the same amount of water was added to each of the flours
the differencein per cent of total water was determined by the
amount of water in the flour. The high per cent of water in
the break flour from the Washington wheats is due to the large
amount of water added in tempering. This is larger than
usual for wheats of the same moisture content and hardness.
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TABLE 20.—Baking tests. McPherson and Manhattan wheats. Comparing the three grades of flour.

' ‘- JoqUINU |BIARS

[‘T161 30y

Z " slo.= 2l s 8l.=2l 9 gl 8.2, .8.52 . .38L%
g 5 =EE |e 5w g g nS oz ixdl B | [sxeiryaiseiind g 5ol
=5 2 |FE7BEE BE (B% BE|fp R P ¢ REREEgEEREC P Einio L
e =@ e & & 8 g = : S S el & BES, on
#8 VARIETY OR NAME. - g8 |Hegl g3 |82 55 77 |2g] § i.%g:%ggﬁm =g{g,la2gg gs
- 3 3o 28 Bo 1o s I nR 88 5 5 ghlgR(3Ex|ce 5 r eS| %S
iT g g |EFe FS olie 208 D m lz A R 7RSS 2 i EFig
. P N . . w ! o4
: : gk =R o ® & & | : Lo FPRE TR B
1,589 | TOrgova....coovnvvvrnnirenannnns Patent .... 10.95 51 | 61.95 | 88.4 | 161 155 6| 215111 127 144 B | 27|22 ‘ 396
1,539 i rreieieaanaa ..| Second ..... 9.50 | 51 : 60.50 | 37.6 161 |...... JRUR A PN P I PN R P Jevesadianatrse
1,539 A Tailings .... 81771 51 59.77 | 37.1 161 160 1 2:58 9 137 151 5 10 5. 818
1,571 | Turkey ....cociviviiiiiniiniane, Patent ..... 11.45{ 51 62.45 | 38,7 161 157 4 1:49 6 136 151 5 26 121! 874
1,571 e Second ..... 11.25 | 51 62,25 | 88.5 | 161 | 156 | 5 | 146 7| 186 | 149 5 22171 872
it e, Tailings .... 8,95 | 51 59.95 | 87.2 161 157 4! 2:15 5 140 | 152 5 T 2 282
2,906 | Currell .. .......covviiiiiniiiae. Patent ..... 10.28 | 50 60.28 | 37.6 160 157 8] 1:26 8 127 149 5 28 | 23 361
2,906 e Second ..... 10.66 | 80 60.66 | 37.9 160 157 8 1:36 7| 128} 180} b 21 1 16 350
2,906 e .| Tailings .... 9.05 | 50 59.06 | 36.9 , 160 156 41 2:251] 7 127 149 = 5 12 7 202
2,807 | Zimmerman........o.vieien .| Patent ..... 47 57.08 { 86.3 { 157 | 157|....] 1:18 | 8| 133 | 149 5 126121 . 369
2,907 e eeesireaaaaas .| Second...... 47 57.50 | 86.6 | 157 155 2| 1:22 8 133 4711 5 25 | 20, 376
2,907 o [N .| Tailings .... 47 56.36 | 85.2 | 167 | 156 | 11 1:52 1 94 134 147 5 |16 |1l 5 329
367 | Fultz.... .| Patent . 50 61,17 | 88.2 160 157 31! 1:58| 9 1835 | 148, & 24 | 19 369
367 v Seecond.. 50 61.05 | 38.1 160 156 4] 1:34| 8 135 1481 B 22 |17 © 360
367 L Tailings 50 60.29 | 37.6 160 155 5 1:50 7 136 148 5 12 7 313
368 | Malakoff .. .| Patent . 51 62.31 | 38.7 161 158 8 i 1:24 8 134 150 I 5 19 | 14 | 348
368 o A Second ..... 51 61.16 | 37.9 161 159 2 i 1:31 T 136 1521 b 14 91 827
368 “ . e Tailings .... 51 60.82 [ 37.1 ! 161 158 8 | 2:32 8 136 | 160 i 5 11 6| 294
369 | Minnesot&. ...covovnviivirninnns Patent. . 56 67.81 | 40.5 l 166 161 5 12l § 140 1531 B 19 | 14 353
369 ‘ e Second...... . 56 66.87 | 40.2 : 166 161 5! 1:13 6 142 155 5 17 | 12 348
369 N N Tailings ... . 56 64.74 | 39.0 166 160 6 | 1:48 5 143 155 5 5 01 279
373 | Defiance ...........c0vvvvna.....| Patent ..., . 56 66.30 | 40.2 165 163 2| 1:20 9 139 154 5 |28 18 364
373 o . . 65 | 66,20 | 40.1 185 161 4| 1:33 8 140 | 153 5 4, 9 324
373 o . 55 ° 63.99 | 38.7 165 161 4| 1:44 8 142 153 2 4, 2 279
380 | Turkey,... 54 65.85 | 39.8 164 169 5| 1:28 | 10 139 1490 5 19 14 361
380 o 54 65.47 | 39.9 164 157 7 1:32 7 140 150, § 12 7 341
380 RPN 54 63.11 | 33.4 164 159 5| 1:46 8 143 1561, 5 2 0 268
574 | Crimean .. 56 66.64 [40.1 ! 166 | 163 | 8 | 1:35| 9 139 | 164 G5 |23 |18 | 876
574 o 56 £6.82 | 40.2 166 162 4| 145 9 138 153 5 17 i 12 361
574 a . 56 64.83 | 89.1 166 161 5| 2:06 | 8 140 153 0 3, 8 281
576 Weiss‘enberg‘ 55 66.44 | 40.2 165 158 71056 9 136 149 5 22 | 17 | 876
576 ¢ . 55 | 65.84 | 30.2 165 161 415111 138 150 5 17012 367
576 ‘ 55 64.56 | 39.1 165 161 4| 1:41 8 142 153 3 3 0 280
577 | Currell...... 51 61.43 | 38.1 161 156 5| 1:28 8 135 148 5 22 17 361
577 ! 51 61.62 | 38.2 161 158 r 6| 1:23 | 12 133 143 5 20 116 ; 885
577 . 51 sogo 371 | 1| 155 6l 18l 8l 137 ) 146 4 6. 2. 303
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TABLE 21.--Baking tests. Minnesota wheats. 1907. Comparing the three grades of flours.

w ] ] gl o= gl 2 |g = 3 ol B
g1 g ? 28 635 5% g% [8g of |- g |8 o gf 2.5 (nS 7 ané Sleg
B| gi 2 $2c [BEE| SE (g. (SE (25 |55| 8 | % |EE (B |RELEE|C |egE|® 3%
o © RRe |ottn £ R S5 g | ! =8 5P = =, C ek
g E‘ﬂ VARIETY OR NAME, i P g5 (Feg 8 148 52 ey lRs § | |83 |58 |28 3|8 g:“ % g8
AR P idiedl Er 2R ghPR B BIBR | GRERLEEEERLF
: . RS ) =N ] M - =3RRI BT RleE| e | 25 @ |-

g FooliEOETE R T OEIE FR| & |R|IRIEF FER|E LR
: H . : : N G : R [ B N
65 Patent...... 11.80 | 51 { 62.80 | 29.3| 161 | 156 | 5 1:36| 8| 184 | 1481 & | 25|20 375 |96 | 96
65 Second......] 11.3¢ | 51 | 62.34 | 88.7| 161 | 156 | 5| 136 | 7| 136 | 149 | 5 | 21|16} 352 | 90| 90
65 Tailings .. .| 8.83 | 51 231371 T61| 157| 41 2:05| 9| 188} 8| 5 10| 5| 288 75| T
66 Patent...... 11.20 | 48 | 59.20 |87.4 | 158 | 153 | 5| 128 | 9| 133 | 144 | 5 |17 |12| 342 |90 | 5
66 | 11:15| 48 | 59.15 | 87.4 | 158 163 | 5| 1:38| 8| 184 | 145{ 5 |15|10| 381 |85 | 80
66 8.67 | 42 | 56,67 (3858 | 168 | 152 | 6255 7| 136| 145 © | 0| 0| 247! 70| 60
67 11.87 | 53 | 64.8720.8| 163 | 159 | 4| 1:35| 9| 137| 150 5 |19 {14 | 333 |90 | 98
67 Second. . 11.90| 53 | 64,90 |39.8| 163 | 169] 4| 1:25| 8| 187 | 151 | 5 |18 |13 | 330 |92 | 92
67 Tailings 8.50| 53 | 61.50 | 37.6| 163 | 157 | 6| 2:16| 8] 189{ 49| o0 | 1| 1| 2697} 70
68 fratent .. 1193 | 5L | 6293 |89.0| 161 15| 6| 1:38| 71 187| 148 | 5 |14| 9| 319 |96 | 9
68 Second.. 10.97 | 51 | 61.97 | 38.1( 161 | 1556| 6 1:58 | 8| 138 | 147] 5 y14| 9| 348 |85 | 90
68 Tailings 8.57 | B | 59.57|37.0| 161| 14| 7313 | 5| 140| 1491 © | 0 0| 244|75| 65
69 Patent., 1135 | 53 | 64.35 [29.4| 163 159| 4| 1:24| 6| 136 | 153 | 5 [22|17] 334 {96| 96
69 Second..... 11035 | 58 | 64.15(29:3| 163 | 159 | 4| 1:37) 6| 137{ 158 | &5 |19|14| 346| 95| 92
69 Tailings ....| 8.87 | 53 | 61.8727.9| 163 | 159 | 4| 207 5 140 354| 3 | 3| o 258 (80| 70
0 I'tent..... | 11.82 | 53 | 64.82 (897 163 | 159 | 4| 1:37 /10| 138 149| 5 |17 |12| 346 |98 | 98
70 Second.. ... 1139 | 53 | 64.39 | 29.5| 163 | 160 | 3| 1:55| 9| 139 151 | 5 11732 ! 353190 | 90
0 Tailinggs ....| '8.95| 53 | 62113 138.1| 163! 160t 4} 254l 71 1411 152 5 |'s1 8} 2031701 75
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TABLE 22.—Baking tests.

Tennessee wheats.

1907. Comparing the three grades of flours.

@ = " = il o ol 2 | w8 = <lal =g
g g g8 g§§ g |38 (8§ %5 gg| § |8 =3 | =% gzfFng & 3gsl &2
5 A £, 1885 BE |8q |EBI23% 26| » |2 | ER | ER 3245 » Bg8) 3 |Hg
= g g8 12r% oo (§8 (E5|aE 8% o |F TS| DEIELS g B EES =
2 VARIETY OR NAME. o g2 |Beg| 28 72 | 2§\ FT Byl § g% | g5 |Ege|F8|8 22°|F |8°
g 2 B2E BE oo . s |8B| 5 |E| 2% |85 2E8leR 5 "85 % B
! g =F BE8 PR 1T IEIRTFC B |D|PE|TEECEEE e [ Bn B L
5 2% 2% o [IBIEE Bl o5 || @ Se|2 [ T8j8 |
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2 Patent....... 10.74 | 50 | 6o7aiaro | 60| 156 | 41 1:36| 8| 185 | 148| 5 |27|22| 38895 90
72 .| Secand 10083 | 50 | 60,83 ' 38.0| 160 156 | 4 |1:35| 8| 135| 148 | 5 |24 |19 | 384 92| 88
2 . Tailings.. 919 50 | 59.19 {369 | 160| 152 | 8 |1:41| 7| 133 45| 5 | 9| 4| 8300 75| 70
3 Patent... 1118 | 50 | 61,18 | 882 | 160 157 8 (1:9| 7| 185| 1501 5 |22 |17 | 876 95| 93
73 Second....... 1701 | Bo | e1.01 |38.1| 60| 158 | 2 |Iia4| 7| 135| 1] 5 |21116| 877 |90 | 90
3 Tailings....... 984 | B0 | 5084 | 37.4| 160! 157 | 3 |2:19| 8| 137| 49| 5 | 4| 4| 204|754 70
4 Patent........ 12732 | 48 | 6012 (381 | 1588 | 153 | 5| 1:26( 8| 134 | 145| 5 {19 14| 870 | 95| 90
74 Second........ 1198 | 45 | 5098 |37.9| 68| 152 | 6| 1:45| 9| 133 | 143| 5 22|17 883 |93 | 88
74 Tailings....... 968 | 48 | 57.68 | 365 | 158 153 | 5|23 | 7| 187, 16| O | 0| 0| 264 | 75| 65
5 Patent........ 1164 | 47 | 5864 | 87.3| 157 154 | 8| 1:47| 9| 183 145| 5 |22 17| 894490 | 80
75 .. Second........ 1160 | 47 | 5860 | 37.8 | 167 157 0| 1i37| 81 137| 149| 5 |23 | 18| 401 | 85 | 80
L D T PRIy Tailings. ..... 905! 47 | 56.05 /357 ) 1sti 157 ol1:31 ) 9l 1371 148} 5 i35 /101 347 701 75
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TABLE 23.—Baking tests. Washington wheats, 1907. Compéring the three grades of flours.
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LittleClub. ...........c.cvvnnt .| Putent........ 10.53 47 57.53 | 86.6 | 157 155 2] 1:39 | 10 137 145
‘ e eesasa i .| Second.,...... 12,18 41 59.18 | 37.6 187 154 31 1:44 9 136 145
vt et ..! Railings...... 9.24 17 56.24 | 35.8 157 153 4| 2:37 8 137 145
Forty Fold,........ ...cvvnvunn. .| Patent........ 11.07 47 $8.07 | 36.9 | 157 158 41 1:27 8 135 145
O O, .| Second........ 12,92 | 47 59,92 (88,11 157 | 155 | 2 1:25| 13 { 184 | 142
T, .o Tailings ..., 9.13 47 56.18 | 36.7 . 157 156 1| 2:25] 10 128 146
Red Russian ...........cc00vvvss ..| Patent,,. .1 10.20 | 47 57.20 | 36.4 157 153 41 1:45 8 132 145
e ven Second. 11.60 47 58.60 | 87.3 157 154 3| 1:55 9 133 145
o ... Tailings 8.76 | 47 55.76.| 85.56 . 157 | 1521 B | 8:00| 5| 136 147
Western Blue Ste: Patent. 11.74 50 61.74 | 88.51 160 | 155 5| 1:28 8 134 147
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TABLE 24.—Summary of baking tests, comparing the three grades of flours. Kansas wheats. 1907.

7 2 .
é, E Per cent meisture. Per cent total water. | Fime for rising, g}eg:;i? Volume of loaf, ! Collff’;ff’f
= &
2 g
E S VARIETY OR NAME. 'j.f %1 ? g ? ‘ 'E g ? ? g % {éi o g ? g %‘ E
- e E|F| g BEIFfE FlEEREiEIRE|E|EEF
& = =4 & & -4 r & & w R SIFIR =3 a [ 2 OF IR
: g . w : w . @ N @ N u : : ©w
: =8 : : : : : T
53 | 1,539 ‘ TOrgova. ...oovovvv i, 10.95 i 9.50 | 8,771 88.47 | 87.50 | 87,10} 2:15 |...... 2:58 | 22 |. 51 896 [...... 31892 |....| 75
54 1,571 } Turkey ...vviiviniiiiiiiiaa 11.45 11.25 | 8.95 38.70 38.50 87.20 | 1:49 | 1:46 ¢ 2:15 | 21 | 17 2 374 372 282 | 95 | 85 70
55 | 2,806 Currell ... .ooiiiiiiii i, 10.28 10.66 | 9.05 37.60 | 37.90 | 86.90 | 1:26 | 1:36 | 2:25 [ 23 | 16 7 361 850 | 292 | 90 | 80 65
56 | 2,007  Zimmerman.............ccc.o.uann 10.08 10.50 { 9.36 | 36.30 | 36.60 35,20 | 1:18 | 122 | 1:52 ) 21 ; 20 | 11 369 376 829 | 95 | 93 5
57 367 | FUltz o vvviiineni i ennd] 11.17 11.05 [10.29 { 33.20 | 38.10 87.60 | 1:58 | 1:34 | 1:56 | 19 | 17 7 369 360 313 | 95 | 93 5
58 368 | Malakoff, ........covvnviiiinan. 11.31 10.16 | 9.82 | 38.70 | 37.10 37.10 | 1:24 | 1:81 | 2:32 | 14| 9 6 348 327 294 | 95 | &0 65,
59 869 | Minnesota....vovvveniireenneanonns 11.31 10.87 | 8.74 | 40.50 | 40.20 ! 89.00 ; 1;21 | 1:13 | 1:49 | 14 | 12 0 353 348 279 | 94 | 85 10
60 Defilance.........coviiiiiiiii i, 11.39 11.20 | 8.99 40.20 | 20.10 80.70 | 1:20 | 1:83 | 1:44 | 18 9] 2 364 ! 324! 279 | 90 | 85 70
61! 880 Turkey......covviiiiiiiinnnenen 11.35 11.47 1 9.11 | 39.80 | 89.90 | 88.40 | 1:28 | 1:32 | 1:46 | 14 7 0 361 341 268 | 96 | 90 80
62| 574 Crimean.............cooiiiiiiiien 10.64 10.82 | 8.83 40.10 ; 40.20 89.06 | 1:85 | 1:45 | 2:06 | 18 | 12 3 876 | 361 281 ) 96 | 85 5
83 576+ Weissenbersg ...cocvvevevriieeneeens 11.44 10.84 | 9.56 40.20 | 892.20 89.10 | 0:55 | 1:51 | 1:41 17 | 12 0 376 | 367 280 | 96 | 85 5
64 517 i Currell ...o....ooiiiiiiiiiie 10.48 10.62 | 8.60 | 38.10 | 38.20 37.06 | 1:28 | 1:28 | 1:68 | 17 | 15| 2 361 365 208 | 95 | 90 75
i Averages. ... ....oiiiiiiiiiinn. 10.90 10.74 1 9.17 1 39.05 | 88.69 ‘ 87.70 | 1:81 1 1:33 | 2;03 | 18 | 13 5 3671 324 | 293 194186 3
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TABLE 25.—Summary of baking tests, comparing the three grades of flours, Minnesota wheats. 1907.
w z e
g 5‘ g Per cent moisture, Per cent total water. | Time for rising. Ne::;fle It | Volume of loaf. | Colorof loaf.
g .
=l ez
2| B2
=]

£ Fo VARIETY OR NAME. g % g o % ? o %U E g ZIEIS| 9 E g 5 '_;_Zi
g E 2 lF| 8 2| FElEIEIEIEIFIE|E FlEE
n o+ x [ o+ & =} = F ® FIFR o+ -"' R EF R
H H @ : : # : H # a1 : @ S
65 11.80 | 11.34 | 8.83 ) 39.30 | 88.70 | B87.10 | 1:26 | 1:36 | 2:06 | 20 |16 | 5| 375 | 3562 | 288 | 96| 90| 75
66 11.20 | 11,15 | 8.67 | 37.40 | 87.40 | 385.80 | 1:28 | 1:38 | 2:55 [ 12 | 10 | O | 342 | 331 | 247 |90 |8 | 70
67 11.87 | 11.90 | 8.50 | 89.80 | 39.80 | 37.60 | 1:35 | 1:25 | 2:16 |14 | 13| 1| 333 | 330 | 269 |96 |92 | 75
68 11,93 | 10,97 | 8.57 | 89,00 | 88.10{ B37.00 | 1:38 | 1:58 } 3:13| 9| 914 0 319 | 348 | 244 | 90 (8 | 75
69 11.36 | 11.15 | 8.87 | 39.40 | 39.30 | 37.90 | 1:24 | 1:37 | 2:07 | 17 {14 | 0 | 334 | 346 | 258 | 96 | 95| 80
70 11.82 | 11.89 | 8.95 | 39.70 | 39.50 | 38.10 | 1:37 | 1:55 | 254 |12 {12 | 3 | 846 | 353 | 293 | 98|90 | 70

11.66 1 11.31 18.76 | 39.10 | 88.80 | 37.251 1:81 | 140! 251 114 1121 3! 8421 3431 2671941901 74

TABLE 26.—Summary of baking tests, comparing the three grades of flours. Tennessee wheats. 1907,
g Net ri Color of
5, Per cent moisture. Per cent total water. | Time for rising. ineoxfelxs: Volume of loaf. OIOO:f?
B : 0
5 VARIETY OR NAME, g ,? g g %3 ? g %5 g g % E g %5 ‘53 g %ﬁ ’éi
=3 = ® ® = ) @ =g e | & | 5 @ ® =g e | &8 |5
g s F | & |2 | F| g | E|F EE|FIE B R E EIFIE
. : & . @ . . a . “ : ® : I
72 9.19 | 87,90 | 38.01 | 3690 | 1:36 | 1:85 | 1:41 122 |19 | 4| 383 | 384 | 300195 92| 75
73 9.84 | 38.20 | 83.10 | 37.40 | 1:49 | 1:44 | 2:19 |17 |16 | 4| 376 | 377 | 274 | 95|90 | 75
4 9.68 | 88.05 | 37.90 | 36.50 | 1:26 { 1:45 1 2:53 14 |17 | O 870 | 883 | 264 | 95|93 | 75
% 9.05 | 87.80 | 87.30 | 35.70 | 1:47 | 1:37 { 1:31 | 17 | 18 { 10 | 894 | 401 | 347 |90 | 8 | 70
9.44 | 87.81 | 37.77 | 386.57 1 1:8911:40 | 2:06 117118} 6| 3821 386 ' 206 194 )90 | 74
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TABLE 27.—Summary of baking tests, comparing the three grades of flours. Washington wheats. 1907.

‘" I9qUINU [RLIeg

[‘T16T 30y

Per cent moisture. Per cent total water, | Time for rising. Nesvzi:e in | Volyme of loaf. C‘I)é:l% of
VARIETY OR NAME. g %’ E g %’ l g g %’ 5 g :’ ¥ E:’-S ? g g %’ g
o 1] =3 & ~n o 3 = 8 = o 1] = 1) =
2 ~ 2 4 & 05 Bl F g Bt El 2| " | B le|F|&
@ ; d | @ : w =
: . N R : N s
Turkey Red.........ocooii i, 12.35 12.94 10.33 41,10 | 41.50 i 39.90 | 115 | 1:30 | 1:13 [ 13 [ 10 | 10 356 3843 813 | 95 | 92 85
Little Club. .. ..| 10.53 12 18 9.2¢ | 36.60 37.60 35.80 { 1:39 | 1:44 | 2:87 | 10| 18 |—1 378 387 206 1 90 | 90| 75
Forty Fold...... 11.27 12.9z 9.13 36.90 38.10 35.70 | 1:27 ' 125 | 2:25 | 15 8 4] 326 314 258 | 90 | 90 70
Red Russian . 10.20 11.60 8,76 | 36.40 | 87.30 35.50 | 1:45 | 1:85 ! 3:00 5} 3 ] 814 310 256 | 90 | 85 70
Western Blue-stem 11,74 12.61 10.80 | 38.50 | 39.10 [ 38.00 | 1.28 | 1:19 | 2:27 |12 | 11 0 346 328 229 1 90 | 90 5
| ! o
Averages .. ... ..iun i iiiiiaa. . 11.17 12.45 9.65 , 37.90 | 38.70 ] s6.8¢ ! 1:30 | 1:84 | 2:20 | 11 9 01 843 336 270 ' 91 | 89 5
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In time of rising or proving there is little difference be-
tween the patent and break flour. But in the case of the tailings
flour the time averages 30 minutes more. This is due to the
slower action of the yeast on the tailings flour. It may be due
to three causes: (1) the inhibiting action of the bran par-
ticles; (2) the finer granulation making a more sticky and
undesirable medium for the yeast cells; (3) the food furnished
by the tailings flour is less available.

PLATE 20. Loaves from patent, break and tailings
flours from Bearded Fife wheat, The appearance of
others was similar.

The net rise in the oven furnishes the most striking differ-
ences between the patent, break and tailings flour. In all cases
but three the patent flour shows a higher rise than the break
flour. The exceptions are all from the soft wheats. The
volume of loaf of the patent and break flour do not vary much,
but there is a decided diminution in the case of the tailings
flour. The loaves made from the three grades of flour from
the same wheat is shown in plate 20. The letters P, B and
T stand for patent, break and tailings. These loaves are
typical of those made from these flours.
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CHEMICAL COMPOSITION OF WHEATS FROM CROP OF 1906.
COMPOSITION OF WHEATS GROWN AT MCPHERSON.

Moisture.

The moisture means hygroscopic water. As air always con-
tains water, substances in contact with it will absorb more or
less, the amount depending on the relative humidity of the
air and the nature of the substances. Other things being
equal, the more moisture present in the air, the more absorbed.
Thus wheat from the Plains area of the United States con-
tains less moisture than wheat from the Central and Eastern
states. Some substances have more power to absorb mois-
ture than others. Thus flour will contain from 10 to 13 per
cent of moisture while the better grades of sugar will contain
less than one per cent, even when the two substances are stored
under the same conditions. The moisture in all these samples
was determined by drying a two-gram ground sample of the
material continuously in an atmosphere of hydrogen for seven
hours. The oven is heated by steam. It was found by several
trials that after seven hours the weight remained constant.
The last traces of moisture could not be driven off in less time
than this. These samples of wheat do not vary a great deal
in moisture content. The average is 10.93 per cent and the
differencebetween the highest and the lowest is about two per
cent. (See table 28.)

Fat or Ether Extract.

The fat means the amount of matter extracted by continuous
treatment of a dried sample with absolute anhydrous ether for
sixteen hours. The material so extracted is not pure fat. This
ether extract is richer in fat when the substance consists of
seeds and products from the same than when the substance
extracted consists of stems, leaves and similar materials. In
the latter case the ether extract often contain such a large
per cent of substances other than fat that the term fat has
only a remote application to the ether extract. The fat from
wheat is an oil, almost solid at ordinary temperature and of
a brownish color. That of the flour is a light yellow color, that
from the bran is dark brown. In proportion to the amount
present, the ether extract varies more than any other con-
stituent. The difference between the highest and the lowest
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TABLE 28,—Chemical composition of McPherson wheats. 1906,

P -
g (F 21,227 |2 ,2
B g8 g |27 | § g FRF
S gz £ |gg | 8| & g8
g1 &8 VARIETY OR NAME, 7 1 8s s 4

-] o+ E: . &=

B - : H i

& : 8 g

& 8
1} 1,895-2 | Mediterranean ..........ooovvieniiinns 2.17 12,17 | 11,67 | 1.66 | 71.63
2| 1.435 TIMEAN. ..ootnneaenan 1.85 12,12 | 10,94 1,92 | 72.28
3] 1,437 i e 1.83 12,18 | 11.09 | 1.87 | 72.54
4| 1,438 Ghirka.... 1.80 12,00 | 11.06 | 1.56 | 72 63
5 1,442 Kharkov 1.96 | 2,00 | 10.94 | 1.52 | 72.70
6] 1,639 Torgova. 2.06 12,18 | 10,72 | 1.60 | 72.51
71 1,658 Tu;'i<ey.. 1.75 | 2.08 | 10.83 | 1.55 | 71 88
8| 1,659 Crimean, 1.66 | 2,04 | 10.66 | 1.62 | 73.47
9| 1,564 Pesterboden.. .. 1.68 ) 2.,24 | 13.11 | 2.14 | 69.84
10 1,571 Turkey..coviiiin i 1,8 2,18 11.57 | 2.06 | 71.27
11 1,583 Kharkov .oovoviiiiiiiieniiicninnienne 1.56 | 2,06 | 11.26|1.66 | 72.74
12 ] 1,739 Budapest..iioiveiniiie, . 1.75 7 2.11 | 11,97 | 2.07 | 70.88
13| 1,766 Missouri.,cvviviuniin, 1.96 1,99 | 10.86 | 1.78 | 72.92
141 1,757 Japanese Velvet Chaft,. 1.76 | 2,14 | 10.89 | 1,69 | 72.65
15| 1,824 Zimmerman X Turkey .. 2.08 11,96 10.72 | 1.65 | 72.96
16 ¢ 1,544 Beloglina................ Ve . 2,01 (2,12 11,26 1.62 | 72.24
17| 2,906 Currell ...ovvivniiiiiiiiiiiiiiiiennn, 2.05 1216 | 11.91 | 2,06 | 70.85
18 | 2,907 ZiMmMerman.vovvsiveiracinersarnossnns 1.57 |1 2.19 | 12.65 | 1.57 | 71.09
19| 2, Malakoff ..oovviviiiiniiiiiiiiiiiiine., 1.78 | 2.24 | 11.86 | 1.52 | 73.45
AVOrAZeS. iis i 1.85 12,111 11,86 11.72 i 72.09

is 0.6 per cent, or over one-third. The average per cent of ether
extract is 1.85 per cent.
Crude Fiber.

This is the material insoluble in boiling 1.25-per-cent sul-
phuric acid and 1.25-per-cent boiling sodium hydroxide. The
material is extracted by ether before the crude fiber is de-
termined. The substance remaining after the moisture and
ether extract determination is used for the determination of
the crude fiber. It is boiled successively for thirty minutes in
the dilute acid and the dilute alkali. What remains insoluble
after this treatment and is combustible is classed as crude
fiber. When a substance like wheat is boiled in dilute acid
the starch, pentosans, gums and sugars, as well as certain
nitrogenous matter, are rendered soluble. These are then re-
moved by filtration and washing. The subsequent treatment
with the dilute alkali removes the albuminous matters and
other products. What is left after filtering and washing is
crude fiber and some ash. The fiber is burned and the cor-
rection for the weight of ash present is obtained. Crude fiber
is not a definite chemical compound but a mixture of compounds
classed with the carbohydrates. The average per cent of crude
fiber in the wheats is 2.11 per cent. The content of crude fiber
is one of the most uniform as compared with other constit-
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uents, the difference between the highest and the lowest being
only 0.23 per cent.
Crude Protein.

This is not a pure chemical compound but a mixture of dif-
ferent substances. The nitrogen is determined and the result
multiplied by 5.7 to get the protein, For most feeding stuffs
the factor 6.25 is used, as on the average the nitrogenous com-
pounds in feeds contain 16 per cent of nitrogen. But the
nitrogenous compounds of wheat are richer in nitrogen, aver-
aging nearly 17.6 per cent, and for this reason the factor 5.7
is used. These wheats are fairly uniform in protein content.
The average is 11.36 per cent, the highest being 13.11 and the
lowest 10.66 per cent. These wheats are grown under the
same climatic conditions, and the soil was also of uniform
character. The larger differences in protein content must
therefore be characteristics of the wheats themselves.

The desirability of producing a high-protein wheat is self-
evident, provided that the high-protein wheat be a good yielder
and also possess good milling qualities. If these 19 wheats
are divided on the basis of yield, putting the ten lower yielders
in one class and the nine higher in the other, we find the average
yield for the former 22.7 bushels per acre and for the latter
33.6 bushels per acre. While the average protein content of
the lower yielders is 11.64 per cent and that of the high yield-
ers 11.05 per cent, there is a difference of 10.9 bushels per acre,
but only 0.59 per cent protein. While there undoubtedly is
a tendency for the low yielders to produce a higher per cent
of protein, the larger differences in favor of the high yielders
more than offset this. There is nothing in the milling or
baking tests which shows that the higher protein wheats are
either inferior or superior in milling and baking qualities, com-
pared with the low-protein wheats.

Ash.

The ash is the incombustible material. It is determined by
igniting two grams of the ground sample in a muffle oven at
low redness until it ceases to lose weight. This time in the
case of wheat ranges from one to two hours. Excepting nitro-
gen, the ash includes all the material which the plant gets from
the soil. As a class the seeds of grains are much lower in ash
than the stems and leaves, but a larger percentage of the more
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soluble ash constituents is present in the seeds than in the
stems and leaves.

Phosphorus and potassium, which occur in larger per-
centages in the seeds, are elements in which the soil is likely:
to be deficient. Thus selling off the grain depletes the soil
in fertility. The average per cent of ash in these wheats is
1.72 per cent. The ash next to ether extract, considering the
amount present, is the most variable constituent, but variation
in ash may not be altogether due to the wheat itself. Wheat,
that has been exposed to sand and dust storms will apparently
contain more ash than wheat not so exposed. Even the flour
from wheat so exposed will contain an undue amount of ash,
even when the very best cleaning appliances are used. The
lowest per cent of ash is 1.52 per cent and the highest is 2.14,

Nitrogen-free Extract.

This is determined by difference. The percentages of mois-
ture, ether extract, crude fiber, protein and ash are added to-
gether, and the sum is subtracted from 100. The difference is
called nitrogen-free extract. In consists mostly of starch, in
case of wheats, and small amounts of sugar, dextrin, gums
and pentosans. It is evident that the nitrogen-free extract
will vary in proportion as the other factors vary. The protein
content effects a larger variation in the nitrogen-free extract
than any of the other, constituents.

CHEMICAL COMPOSITION OF WHEATS GROWN AT MANHATTAN.

The results of analyses of wheat grown at Manhattan are
summarized in table 29. In moisture, fat or ether extract,
fiber and ash there is very little difference between members of
this group and those grown at McPherson. In average protein
content there is also very little difference. But in the protein
content of the different samples there is a large variation.
The lowest in protein content contains but 7.92 per cent while
the highest contains 14.70, a difference of 6.78 per cent.
These wheats were all high yielders, the average being 17.47
bushels per acre more than that of the wheats grown at Mc-
Pherson, yet the average protein content is higher.

If we separate the wheats into two groups on the basis of
yield we find the average yield for the six lower to be 42.44
bushels per acre and that of the higher 48.22, yet the difference
in the average protein content is less than one per cent for the
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two groups. If we examine individual wheats we find that
higher protein content is as often associated with a large yield
as with a low yield. There is nothing in the milling and baking
tests which shows any material difference in these twelve
wheats. All were excellent wheats judged by market stand-
ards, and produced a flour that was good both in yield and
baking qualities.

As noted above, five of the wheats grown at Manhattan were
from the same varieties as those grown at McPherson; serial
numbers 3, 4, 5, 7, and 17 being the same varieties as numbers
29, 32, 28, 27, and 31, respectively. The average yield of the
former is 28.7 and that of the latter 42.54, yet the average
protein content Or the same varieties grown at Manhattan
is 12.59 per cent and for those grown at McPherson 11.14. A
large yield does not necessarily mean a low protein content,
in this case the gpposite is true.

TABLE 29.—Chemical composition of Manhattan wheats. 1906.

) 2 N oy e >

51 4¢ g gt | ¢ g Eo g

Bl g2 £ 1 gg | f g P 88

g s*E VARIETY OR NAME. 3 5% 5 : 2g

< H . Pog

% - : T8 8

5 ;o
21 366 i 10.45 1.9 2,18 10.89 1.60 73.02
22 367 10.07 1.91 2.18 13.28 1,69 70.92
23 368 10.41 1.96 2,12 9.92 1.59 72,04
24 369 | Minnesota, . 10.46 1.85 2.04 7,92 1.60 | 76.18
25 878 | Defiance......., TP 10.20 | 1.88 | 2.09 12.26 1.52 ' 72.06
26 : 378 | Red Winter.................. 10.13 | 1.94 2.07 10.94 1.72 . 78.20
27 1 BT0 | Turkey.........ooooivniiians 10,35 1.9 2.04 12,88 1.72 71.10
28 573 | Kharkov... L1014 1.80 2.18 11.17 1.56 74.74
29 574 | Crimean... 10 65 1.87 2.11 13.08 1.62 78,91
30 576 | Weissenberg. 10.03 1.97 2.07 13.31 1.61 71.01
31 677 10.03 1.98 217 14,70 1.56 | 69.56
32 678 10.50 1.87 2.07 11.14 1.69 1 72.73

10.28 1.90 2.10 11.79 1.62 i 72.53

MOISTURE CONTENT OF WHEAT AND OF MILL PRODUCTS OF
KANSAS WHEATS.

These data are summarized in tables 30 and 31. The mois-
ture was determined in the manner described above. The
data for moisture in the wheat are the same as in the previous
tables and are inserted here for comparison. The increase
of moisture content of the mill products, especially the patent
flour, is due to the addition of tempering water. The smaller
moisture content of the by-products such as low-grade flour,
shorts and bran is due to the heat generated during grinding
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and the exposure incident t0 the frequent handling necessary
in the milling process. The lowest per cent of moisture in
any of the patent flours is 10.30 and the highest is 11.94, a
difference of 1.64 per cent. As a class these flours are uniform.
The average moisture content of the patent flours in table 30
is 11.05 and those in table 31 is 11.29. Both these results are
lower than the averages given by Wiley in Bull. 13, part 9,
Bureau of Chemistry. In both tables, 30 and 31, the second-
grade flours show more variation in moisture than the patent
flours.
PROTEIN CONTENT OF WHEAT AND OF MILL PRODUCTS OF
KANSAS WHEATS.

These data are summarized in tables 32 and 33. The data
for the protein of wheat are the same as in tables 28 and 29.
Without exception the protein content of the patent flour is
less than that of the wheat itself, and also less than that of the
second-grade flour and the by-products. The second-grade
flour from the wheats represented in tables 32 and 33 includes
the best of the flour produced from the tailings, and in this
respect is different from the flours produced from the wheats
of 1907.

TABLE 30.—Moisture content of wheat and mill products. McPherson wheats. 1966.

142} o] w o] =
; =7 [l |8
<} 4 S ) &% 1
B 8 = g3 £ & F
=3 - A A R0 a !
g NuMBER oF : = Lk '} : .
g WHEAT, g §‘ S
g " ) N
A ! :
1 10.91 10.64 11.07 $.89 9.63 9 47
2 10,89 11.84 12.12 11:16 10.60 10.75
3 10,63 10.90 11.76 11.84 10.89 10,75
4 10.87 10,38 10.74 10,60 9,50 10.07
5 10,88 10.80 11.81 10.43 8.57 10.57
[ 10,08 10.74 11.82 11,04 10,84 9,01
7 12,47 11.45 10.62 10.40 10.27 10.85
8 10.56 11.82 11.34 10.47 10.70 10.40
9 10,99 11.26 10.51 10.13 9.93 10.01
10 11.08 11.05 10.99 8,91 9.78 9.49
11 10,72 10.93 9.86 9.84 9.08 9.58
12 11.22 10.43 9,93 9. 9.16 9.65
13 10,49 11.94 10.98 16.20 .62 10.08
14 10,87 11.05 10.18 9.90 9.96 9.98
15 10.75 11.60 10.29 10.28 10.18 9.86
16 10.75 11.31 11.24 9.88 9.64 9.86
m 10.97 10.49 9.66 9.79 9.30 9.09
18 10.93 10.74 9.72 10.09 9.98 9.20
19 10.72 11.11 11.09 10.20 10.11 18,34
| Averages......., i 10.93 11,06 |7 10.78 10.20 9.91 9.86
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TABLE 31.—Moisture content of wheat and mill products, Manhattan wheats. 1906,

w ] @ s 22} ]
: g 2 =f | 2% g ;
E g g S & - 2
= NUMBER OF A i+ e T‘E g
] WHEAT. . 3 < C B :
g : = @
g . ] E.
5 : : 2
21 10.45 11.73 10.73 9.88 9.78 10.85
22 10.07 11.41 10.98 10.89 10.99 11.01
23 10.41 11.68 10.79 10.35 10,44 10,70
24 10,46 11.45 11.27 10.19 10.84 10.77
25 10.20 11,70 12,03 10,48 10.89 10.86
26 10.18 11.40 12,38 10.48 10.60 10,66
27 10.35 11.46 12.12 10.41 10.21 10.74
28 10.14 10.57 11.42 10.48 9.34 10.30
29 10.65 11.08 11.99 10.47 10.10 10.88
30 10.08 10.42 11.27 10.21 9.75 9,83
31 10.08 11,12 11.14 10.67 9.97 10.14
32 ! 10.50 11.50 10.53 10.10 9.60 10.28
Averages. ...... 1 10.28 ‘ 11,29 t11.89 | 10.88 | 10.21 10.58
TABLE 32.~—Protein content of wheat and mill products. McPherson wheats. 1906
! ] w = o2} w
| : & g 23 g g
& ® -] Bg g I
g NUMBER OF i oy e ol g :
] ] WHEAT. g L B
z ! g g ®
| L . ®
!
1 11.57 10.88 10.69 15.31 17.87 14.36
2 10.94 52 11,29 12.77 16.36 14.36
3 11,09 9.69 10.40 12.83 15.44 14,28
4 11.06 9.95 12.32 13,66 15.79 14.61
5 10.94 9.49 11.12 15.28 16.34 13.71
6 10.72 9.74 11.00 12.86 16.05 13.43
7 10.83 9.44 11.00 14,42 14.91 13.88
8 10.66 9 11.08 12.60 16.82 13.91
9 13.11 11.20 13.88 15.59 18,16 14.99
10 11.57 10.20 12.88 15.05 15.93 13,91
11 11.26 9.89 12,680 14,65 16,19 13.68
12 11,97 10.40 12.88 16.82 15.30 13.62
13 10.86 9.41 11.46 12,88 16.19 1408
14 10.89 9.80 10.43 14.14 16.64 13.09
15 10.72 9.29 9,63 11.92 15.79 13 .57
16 11.26 9.58 11.32 18.11 15,78 14,03
17 18.11 12.06 12.86 17.44 18.24 14.17
18 12,66 10.86 11.12 15.82 17.08 14,98
19 11.88 10.55 13,34 14.78 17.39 14.99
Averages....... 11.42 10,06 11.64 1 14.81 16.43 14.07

The protein content of the second-grade flour is very nearly
equal to that of the wheat itself. In table 32 the average
protein content of the patent flour is 10.06, which is 1.36 per
cent lower than that of the wheat. In table 33 the average for
the patent flour is 10.14 per cent, 1.48 per cent less than the
wheat. The average protein content for the second-grade
flour in table 32 is 11.64, or 0.22 per cent more than the wheat,
and in table 33 the average is 11.91, or 0.29 per cent more than
the wheat. In the by-products, low-grade flour, shorts and
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TABLE 33,—Protein content of wheat and mill products. Manhéttan wheats. 1906,

! I
w g ; w0 = 0 o
g 2 00f s 88§ |2
5 ] o ;i 3 E]
g @ 5 g2 Ed ‘ & :
-1 NUMBER OF & ; S8 ! : :
] WHEAT." : g | £ :
3 £ D8 & |
g“ - N % H
g : : [
: : l
21 10.89 9.21 11.23 14.19 | 15.71 13.79
22 13,28 11.66 13.31 14.59 ) 17.70 16.48
23 9.92 8 9.68 12,71 I 15.14 12.83
24 7.92 7.41 8.44 10.95 14.62 11.83
25 12.26 10.12 12.08 13.28 ¢ 17.48 14.99
28 10 94 10.63 10 .46 12.54 ‘ 15,83 14.02
27 12.7 11.08 18.71 16.53 16 59 15.37
28 11.17 9.58 11.28 15.11 15.86 13.74
29 13.08 11.17 18.25 16.18 17.99 14.88
30 13.31 11.17 14,22 16.59 17.70 15.25
31 14.70 12.60 13.79 16.65 | 18,01 17.56
32 11,14 9.12 11.68 13.82 } 15.79 13.97
‘ Average......,. 11.62 10.14 11.91 14.83 [ 16.49 14.56

bran, the protein content is considerably higher than that of
the wheat itself. The average for each of these different prod-
ucts in the two tables is very nearly the same. The shorts has
by far the highest protein content. This is due to the method
of handling the stock in grinding. Some of the high protein
material could be put with the bran, and in this way the protein
content of bran and shorts would be more nearly equal.

If we summarize some of the more important data of the
Kansas wheats for 1906 we have the following table:

TABLE 84.

Second- Low-
Patent grade grade
Whest. flaur. fiour. flour. Shorts Pran.

Average protein content...... 11.52 10.10 11.77 14.32 16,46 1431
Difference from wheat........ veee —1.42 4-0.25 +-2.80 +4.94 4-2.79
Average per cent products.... .... 5094 2147 2.07 546 1897
Grams protein from 100 grams

wheat ..... ..., 1152 515 253 030 090 272
Distribution of protein, per

cent ..., ... 4448 21.82 255 T7.76 23.44

Less than half of the protein of the wheat is found in the
patent flour. In a more perfect system of milling more pro-
tein would find its way to the patent flour. In the patent and
second-grade flours together the protein is 66.25 per cent, while
they constitute 72.41 per cent of the total products. The dif-
ference is made up by the higher protein content of the low-
grade flour, shorts and bran. These latter make up 26.5 per
cent of the total products, while their protein content is 33.75
per cent of the whole. There is a slight error in these figures,
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due to the fact that the per cent of dust is not figured. Such
facts as the above have led to the erroneous conclusion that
milling removes the most valuable part of the wheat berry.
While it is true that patent and second-grade flour are rela-
tively poorer in protein than the other products, the protein
in the flour is valuable in a proportion that more than makes
up for the difference is amount.

GLIADIN CONTENT OF FLOUR FROM KANSAS WHEATS.

These data are summarized in tables 35 and 36. The gliadin
means the protein soluble in 70 per cent by volume ethyl al-
cohol. Four grams of flour were put in a 300 cc. Erlenmeyer
flask and 100cc. of the alcohol added. The flask was closed
with a rubber stopper and shaken vigorously. The shaking
was repeated every half hour for four hours, after which the
digestion was allowed to proceed for from 20 to 24 hours. The
clear supernatant liquid was filtered through a dry filter.
Fifty cc. of the clear filtrate was put into a Kjeldahl flask,
together with three cubic centimeters of concentrated sulphuric
acid. The flask was placed on a sand bath and the alcohol
evaporated. The evaporation was considered complete when
steam instead of alcohol condensed in the neck of the flask.
This can easily be seen on account of the greater surface
tension of water, Seventeen cc. more of the sulphuric acid
was now added, and the determination of nitrogen was finished
in the usual way.

The per cent of protein is the same as in tables 28 and 29, and
is inserted here for comparison. The gliadin per cent of pro-
tein is calculated by dividing the per cent of gliadin by the
per cent of protein. In the column “Gliadin per cent of Pro-
tein” a difference of two per cent has no significance as that
amount is within the analytical error of the nitrogen de-
termination. See discussion of this farther on. In both tables
the actual gliadin content is larger for the second-grade flour,
but as the protein content of this flour is proportionally greater
than that of patent flour the gliadin per cent of protein is
smaller. Somewhat more than half of the protein of the flour
is soluble in 70 per cent by volume alcohol. In a few cases
of the second-grade flour the amount is less than half. The
gliadin per cent of protein averages higher in table 35 than in
table 36. The ratio between total protein and gliadin is fairly
constant. In the flours of higher protein content there is a
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correspondingly higher content of gliadin. The baking tests
do not show any apparent relation between the gliadin per cent
of protein and the baking qualities in these patent flours, at
least the methods are as yet not refined enough to reveal any
relation. The baking tests were not made on the second-grade
flours. It is reasonable to assume, from the origin of these
flours, that they are inferior to the patent flours in baking
qualities. Their gliadin per cent of protein is also much lower.

TABLE 35.—Gliadin content of flour. MecPherson wheat.

Patent flour. Second grade flour,
2 las] ] ] lac] Jac] [2]
2 g3 £ g9 g2 B
2 | Number of wheat, g'ﬂ ?3 gi'?« g2 - %é
3 g8 : R
¥ g
N -+
1 10.85 6.76 62.37 10.69 6,10 57.60
2 9.52 5,78 60.18 11.29 6.10 54,04
3 9.69 5.79 58.71 10.40 6.02 57.88
4 9.95 6.10 61.31 12,82 6.41 52.08
5 9.4% 5.70 60.06 11.12 5.99 53.85
6 9.74 §.30 54,41 11.00 5.76 52.88
T 9.44 5.70 60.42 11.00 5.64 51.30
8 9.82 5.50 59.02 11.03 5.13 51.94
9 11,20 6,44 57.51 13.88 7.18 51,33
10 10.20 5.90 57,82 12.83 6.33 49,83
11 .89 5.87 59.86 12,60 6.27 49,78
12 10.40 5.93 56.99 12.88 6.78 52.65
13 9.41 5.64 80.00 11.48 5.99 52.24
14 9.80 6.21 68.37 10.43 6.04 57.92
15 9.29 5.81 62,58 9.63 5.64 58.58
16 9.58 5.59 58,33 11.82 5.96 52.64
17 12.06 7.07 53.49 12,86 6,64 51.63
18 10.86 6.98 64.04 11.12 6.59 59.28
19 10.55 5.99 56.76 13.34 7.10 53.21
10.06 5.94 59.61 11,64 6.22 53.66
TABLE 36.—Gliadin and protein content of flour., Manhattan wheats.
w [
<] Patent flour. Second-grade flour,
5
5 g " o b o @
g o g g5 g 94 ng 85
% Number of wheat. %8 ES %gg %g Eg = g
1 .2 == ol o= =] S
! B e = =G o B g'ﬁ
: ge P ES
. [ ]
@
-
T e
21 9,21 5.08 55.11 11.23 5.53 49.24
22 11.66 6.44 B5.25 13.31 7.21 54,17
23 8.04 4.50 66.03 9 5.11 53.08
24 7.41 4,05 54,62 8.44 4.17 49.41
25 10.12 5.64 55.77 12.06 6.55 54.81
26 10.63 5.59 52.55 10.46 5.00 47.89
27 11.03 6.21 56,33 13,71 6,98 50.91
28 9.58 5.39 56.25 11.28 5.86 52.18
29 11.17 6.21 55.61 13.25 6.85 51.69
30 11,17 6.50 58.16 14.22 7.35 51.70
31 12.60 7.38 58,87 18.79 8.680 62.39
32 9.12 5.27 57.81 11.66 5.80 49.57
Averages. ..... ‘ 10.14 5.68 : 55.98 11,91 T 8.25 52.21
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The relation between the gliadin per cent of protein and the
baking qualities is discussed farther on.

CHEMICAL COMPOSITION OF WHEATS FROM CROP OF 1907.
COMPOSITION OF KANSAS WHEATS.

The composition of Kansas wheats of the crop of 1907 is
summarized in table 37. The average moisture content for
all the Kansas wheats from the crop of 1906 was 10.61.
In this table the average is 10.51 per cent. The average per
cent of ether extract for the wheats from the crop of 1906
was 1.87 per cent. In this tablethe average is 1.82. In ash
the average for the crop of 1906 is 1.67 per cent, for the crop
of 1907 it is 1.88. This difference is small when the influence
of external conditions on ash content is considered. In re-
gard to crude fiber and protein there is a notable increase. The
increase in average crude fiber content is 0.32 per cent and
that of protein is 0.91 per cent. Numbers 55 and 56, soft
wheats grown at McPherson, have very large increase in pro-
tein. The yields of these wheats were a little above seven
bushes per acre. This probably accounts for their change in
protein content. On the other hand, No. 58, Malakoff, shows
a large increase in protein and also a large yield. No. 58 is
taken as the highest protein wheat for this group as that has
a normal yield and was also grown in the same locality as No.
62, the low-protein wheat.

COMPOSITION OF MINNESOTA WHEATS.

These data are found in table 38. In per cent of ash and
crude fiber these wheats are identical with the wheats from
Kansas. They average higher in moisture and fat. In per-
centage of fat these wheats average higher than any in the
series. Their protein content is uniform. The difference be-
tween the highest and the lowest is 1.94 per cent. While the
difference between the lowest and the highest of the Kansas
wheats represented in table 37 is 5.62 per cent. In chemical
composition as well as in the other qualities these wheats
are very uniform. It should be remembered that the twelve
Kansas wheats represented in table 37 were selected because
of their differences. The Kansas wheats grown at McPherson
in 1906 show very great uniformity. If the two wheats low

—4-177
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in yield, numbers 55 and 56, are excluded from the average in
table 37, the average protein content of the Kansas and the
Minnesota wheats is the same.

TABLE 37.—Composition of McPherson and Manhattan wheats, 1907.

w . o] ac] o] o o]
g, ! g g g4 8 | =8 g g 228
g| =8 S0 Ba | Zea g 8 Se
> 8% g8 |88 | %4 | 8 L
21 o3 VARIETY OR NAME. g5 am | e = S %2
I [} o ) M ] © .8
g0 ; ' S I
; BR O GF L E | Q%
53 1,639 | Torgova.....ovvevaiienn. 10.64 1.94 2,20 10.80 1,72 72.70
54 1,571 | Turkey.. . 11,02 1.88 2,89 12.54 1,80 70,89
55 2,906 | Currell..... 10,18 204 2.34 15,90 2.04 68.50
56 2,907 | Zimmerman.,. 10.13 1.62 2,78 14.19 2.08 79.20
67 367 | Fultz...... vevens 9.98 2.01 2.62 10.54 1.95 72 90
58 368 10.52 1.74 2,84 15.65 1.72 68.03
59 369 10.86 1,78 2,40 14,62 1.79 68,60
60 373 10.50 1.79 2.36 12.69 1,85 70.71
61 380 10.46 1.64 2.23 10.83 1.82 78.02
62 574 10,51 1.82 2.46 10.03 1.86 73 82
63 5176 . 10.85 '1.67 2.34 10.32 1.87 78.45
64 877 | Currell........... PRI 10.95 1.99 2.69 11.72 2.01 70.64
Averages.............{ 10,61 1,82 2.42 12.48 1.88 70.95
TABLE 88.—Composition of Minnesota wheats. 1907,
@ n ] y o ] 3
g 4 =5 | of |28 §F | § | g8
B =3 S.a Sa ga 8 a Se
S 8% zé | 88 5§ | 8 g | 738
2 b VARIETY OR NAME. g5 o=+ & = & a® 5
El e 37 | &2l ig | % B |78
g : 8T | 1 & g = -
i : 88 |16 g : g
65 163 | Fife., ves 13.80 2.49 2.48 12.24 1.80 67.61
66 165 | Fife......... e 12,23 2.4 2.54 12.32 1.81 68,54
67 169 | Minnesota. 12,94 2.28 2.59 12,62 1.89 67.68
68 188 | Bearded Fife 18.63 2.84 2.20 10.68 1,89 69.26
69 529 | Minnesota. 12.08 1.90 2.27 11,70 1.78 T 70.87
70 1,006 | Minnesota. 11.88 2.35 2.45 12.22 1.9 69.19
Averages. 12.66 2.30 2.42 11.96 1.87 68,77

.

TABLE 39.— Composition of Tennessee wheats. 1907.

? Y |7k P | T eu?
q, BR Rt 28, 5 g gag
Er 8 | %8 | &g | & § | 593
g VARIETY OR NAME, E’i 5 g8 2 5 | B&Z

I e B

E!‘ : gg : E. g §‘ -

: BROIE ) 3 0 e
72 | Mediterranean................ ceened| 11,20 2.19 2.08 10.98 1.74 71.81
78 | Poole.......... i eees s 11.12 2.17 2.06 9.29 1.72 78,65
74 | Fuleaster.........cecvvsvevnnnecn...| 12,08 | 2.04 2.19 9.52 1.79 72.48
75 | FUltZuerunaiiiiiiniininanenninann] 1169 | 2028 | 2.20 | 12.06 | 1.71 | 6997

AvVerages..... ... .iiuns seerees 11.51 2.17 2.15 10.46 1.74 71.96
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TABLE 40.—Composition of Washington wheats, 1907.

w o ny y *u o w
g g5 | 2% | pf § & | gef
o B8 | B8 | &% g 8 | 558
g VARIETY OR NAME. g8 a2 | 12 = a 4
a IR RN
¥ SRR T AR
76 | Turkey Red...........cooveivannnnnn . 1.79 2.24 11.15 1.81 71.50
77 | Little Club........... o . 1.95 2,21 8.90 1.83 74.13
78 FortY'th_i... .. . 1.85 1.99 9.52 1.54 71.86
79 | Red Russian 2.05 2.27 12,84 1.64 69.47
80 | Western Blue Stem 1.78 2.16 8.8¢4 1.7 73.18

Averages 1.88 2,17 10.26 1.7 72.02

COMPOSITION OF TENNESSEE WHEATS.

The chemical composition of these wheats is given in table
39. In per centof fat these wheats are higher than the wheats
from Kansas and lower than those from Minnesota. In crude
fiber they are lower than both of the latter wheats. In ash
content there is no material difference. In all the chemical
constitutents except protein these wheats are very uniform.
In protein content the difference between the highest and the
lowest is 2.97 per cent. Their average protein content is lower
than that of the wheats both from Minnesota and Kansas.

COMPOSITION OF WASHINGTON WHEATS.

The chemical composition of these wheats is summarized
in table 40. Both physically and chemically these wheats pre-
sented greater variability than any of the proceeding groups.
With the exception of Forty-fold and Western Blue Stem
these wheats were very unlike in physical appearance. In
chemical composition they show great differences. The mois-
ture content is very near to that of the Minnesota wheats; the
per cent of fat is very near that of the Kansas wheats, while
in crude fiber they are like the wheats from Tennessee. The
average ash content is the lowest of any of these groups. In
protein content these wheats average the lowest. This is due
to the average low protein content of the white varieties. The
amber-colored wheats, Turkey Red and the Red Russian, are
equal in protein content to the wheats from the Mississippi
valley.
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AVERAGES FOR COMPARISON OF KANSAS, MINNESOTA, TENNESSEE
AND WASHINGTON WHEATS.

The averages for chemical composition of these different
groups are brought together in the following table:

TABLE 41,

Fat or Nitrogen~
Origin of wheat. Moisture ether Crude Crude free

per cent. extract. fiber. protein. Ash., extract.
Kansas, 1907 .......0vne. ... 1051 182 242 1248 1.88 70.95
Minnesota, 1907 ............. 12.66 2.30 242" 11.96 187 68.77
Tennessee, 1907 .........000o 11,51 217 215 1046 1.74 71.96
Washington, 1907 ,.......... 1194 188 217 1025 171 72.02

MOISTURE CONTENT OF WHEATS AND OF MILL PRODUCTS.

These data are summarized in tables 42, 43, 44 and 45.
The figures for the moisture content are the same as those in
previous tables and are here used for comparison. The same
general relation between the moisture content of the wheat
and milling products holds true here, the same as in the tables
for the crop of 1906. For the hard wheats there is an increase
in moisture content of the patent flour over that of the wheat.
This is also true, but to a less extent, for the break flours.
That these results do not follow with greater regularity is due
to the fact that the relative humidity of the air at the time the
sample was ground largely influences the moisture content of
the flour. But the results show the general tendency. For
those wheats where a small amount of tempering water was
used the moisture content of the patent and break flour is as
a rule less than that of the wheat itself. In the Washington
wheats the increase of moisture falls heavier onthe break flours.
The moisture content of the tailings flour, the shorts and the
bran is in all cases lower than that of the wheat. The loss of
moisture in the tailings flour and the shortsis due to the heat
generated during the severe treatment these two products
undergo. The bran is not subjected to as severe a treatment as
the patent flour; the smaller moisture content is therefore due
to the mechanical conditions. The bran exposes a large sur-
face and the water evaporates more quickly than from the flour.
If we bring together the averages of the moisture content of
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wheat and mill products from tables 42 to 45 we have the

following :

Origin.
Kansas
Minnesota

Tennessee

Washington

TABLE 46.
Patent
‘Wheat. flour.
................... 10.51 10.98
.................. 12.66 11.66
.................. 11.51 11.42
................ 1194 11.17

Break Tailings

flour.

10.74
11.31
11.85
12.45

flour.

9.17
8.68
9.44
9.65

Shorts.

7.80
7.58
7.72
8.12

Bran.

8.79
8.42
8.74
8.76

In view of the diversity of character in the wheats used
these results are quite uniform and show the general relation
of moisture content of the wheat and the different mill prod-
ucts.

TABLE 42,—Moisture content of wheat and mllé}) %)roducts. McPherson and Manhattan wheats,

g .= s | 7 | ® | § B¢
5 g = & <] =5 <] g
B =8 8 g £ g 2 3
=3 33 g 3 s 171 .
g2 =8 VARIETY OR NAME : 2 @ : :
g : . : g 9 : !
B - : £ 5 g
=3 ~ - . <
jed : . : =
s . . .
53 1,689 | TOrgova...cocoveeraassinas 10.62 10.95 9.50 8.77 8.138 8.91
54 1,571 Turkey.......... 11.02 11.45 11.25 8.95 7.89 9.02
55 2,908 Currell.......... 10.18 10.28 10.66 9.06 7.86 8.17
56 2,907 Zimmerman,,... 10.13 10.08 10.50 9.36 7.61 874
87 367 Fultz........ 9,98 1117 11,06 | 10.29 8.25 9.01
58 368 Malakoff. 10,52 11.31 10.16 9,82 8.12 9.32
5% 369 Minnesot: 10.86 11.81 10.87 8.74 7.20 8.65
60 373 Defiance. 10.50 11.39 11,20 8.99 7.73 8.79
61 380 | Turkey.. 10.46 11.35 11.47 9,11 8.28 8.71
62 574 | Crimean,...... 10.51 10.64 10.82 8.83 7.65 8.39
63 576 Weissenberg .... s 10.35 11.44 10.84 9.56 8.14 8,92
64 577 Currell ..oovvvniiiiinnan, 10.95 10.43 10.62 8.60 6.81 8,32
Averages............ 10,51 10.98 4 10,74 9.17 | 7.80 8.79
TABLE 43.—Moisture content of wheats ahd mill produets. Minnesota wheats. 1907,
73
E| g8 : g & gl & |7
g &3 VARIETY OR NAME. : = g ) : :
S ‘ g g g | :
g A i g
= : . A
65 163 | Fifeinsueinsiinaeriarninn, 18.30 11.80 11.84 8.83 7.78 8.83
66 166 | Fifere.voovenn. 12.23 11,20 11.15 8.67 7.89 8.88
67 169 | Minnesota..... 12,94 11.87 11.90 8.50 7.43 8.44
68 188 | Bearded Fife., 13 63 11,98 10,97 8.67 7.68 8.48
69 529 | Minnesota..,.. e 12,03 11.35 11,15 8.87 7.66 8.56 .
0 1,006 | Minnesota............... 11.88 11,82 1139 (........ 7.60 8.88
Averages............. 12.66 | 11.86 | 11.81 | 8.68 | 7.68 | 8.42



IET n/a



ent

ocum!
wistorical DO ion

Kans:

i
agcutura) B9
as

128 ' Department of Chemistry. [Bull. 177

TABLE 44.—Moisture content of wheat and mill products, Tennessee wheats. 1907.

w ] Jacl & = w o]
g' g % g E""‘ g E
= g 2 = g ) :
g VARIETY OR NAME. : = 2 : :
g g g g. :
n ' £
g : Do F
72 11.20 10.74 10.83 9.19 (........ 8.55
78 11.12 11.18 11.01 9.84 8.03 8.53
4 12.03 12,12 11.98 9.68 7.65 9.26
75 | Fult 11.69 11.64 11.60 9.05 7.50 8.62
11.51 11.42 11.35 9.44 7.72 8.74
TABLE 45.—Mbvisture content of wheat and mill products. Washington wheats, 1907,
g 2 g g E|F | ¥F
2 g B =] g # 7
2 VARIETY OR NAME. : = 2 8 : :
g : g g B
g g g
n : 7
76 | Turkey Red...... e ... 11,81 12.85 12.94 | 10.33 8.97 8.94
77 | Little Club. ...... 10.98 . 10.53 . 10.18 9.24 T7.97 8.75
78 | Forty-fold......,. e veee 18.24 11.07 12.92 9.13 7.64 8.74
79 | Red Russian 11.78 10.20 11,60 8.76 7.46 7.92
80 | Western BlueStem................ 12.27 11,74 12,61 | 10.80 8.77 9.47
AVErages ... iiiiiiiiiaiiiinas 11.94 11,17 12.45 9.65 8.12 8.76

PROTEIN CONTENT OF WHEATS AND OF MILL PRODUCTS.
CROP OF 1907.

These data are given in tables 47, 48, 49and 50. There is
the same general relation between the protein content of the
wheat and mill products as was noted in the previous tables.
In all cases the percentage in patent flour is lower than that
of the wheat. The difference between the protein content of
the wheat and the patent flour for the Kansas wheats is
1.38 per cent, for the Minnesota wheats 1.42 per cent, for the
Tennessee 1.54 per cent, and for the Washington 1.57, and the
average difference for all is 1.43 per cent. Most of the break
flours have a higher protein content than the patent. The
exceptions to this rule are more often among the soft wheats
than the hard, though the rule is not general. For the Minne-
sota wheats the average protein content of the break flours
is higher than that of the wheat; for the groups the averages
are lower. The break flours in all the groups average higher
than the patent. As a class the break flours come nearer to
the wheat in protein content than do any other of the mill prod-
ucts.
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In every case the tailings flour is higher in protein than the
wheat. If the better part of the tailings flour is put with the
patent, the percentage of protein in the later will be increased.
This practice is common in many mills where bleachers are
used. There is no objection to the better part of the tailings
flour as such, except color. The tailings flour produced nearer
the end of the mill lacks in granulation. The flour is more im-
palpable and also contains branny particles. These latter
qualities lower the baking qualities.

With but one exception the protein content of the shorts is
higher than in any other of the mill products. The protein
content of bran is nearer that of the tailings flour than any of
the other groups.

The more important data relative to protein for the different
groups of wheat and mill products from the crop of 1907 are
summarized in the following tables:

TABLE 47,—Protein content of Wheauf1 and milllgégzroducts. McPherson and Manhattan

wheats. 8
7 g © = w w
APy g £ | af | B £ | F
B 22 8 g £ & 5 5
5 8% & & A 2 & !
] sl VARIETY OR NAME, . = S ] :
] % : ] g g
g‘ ] & =1
: ® .
53 1,539 10.08 11.84 12.99 16.18 14.34
54 1,571 10 68 12.26 14.59 17.80 14.96
55 2,906 13.84 14,74 18.48 20.52 18.61
56 2,907 12.91 12.43 14.96 20.64 18.12
&7 367 9.48 8.03 11.66 16.11 13.65
58 368 16.80 19.07 19.64 17.73
59 359 12.71 15,16 18.29 19.36 16.84
60 373 10.89 12.77 15.25 16.93 15.42
61 380 11.45 12,96 15.11 17.90 14.71
62 574 . 8.61 8.46 11.69 15.06 12.74
68 576 | Weissenberg ........ 10,82 8.78 9.12 12.00 14,02 13.68
64 517 | Currell .............. 11,72 10.40 8.95 13.62 16.34 14.48
Averages........ 12.48 11.10 11,95 ' 14.80 | 1749 ' 1539

TABLE 48 —Protein content of wheat and mill products, Minnesota wheats. 1907,

©w w |
e[,z =z |1 2] ¢ :
El ES sl 8 | B F | 3 8
o

2 &8 VARIET¥ OR NAME. : - B i :
8 =8 : g g 2
= 2] 3 g
® 3 =]
L] N H
85 168 [ Fife........ovvvineen 12,24 10,92 12.78 15.36 15.05 14,68
66 166 | Fife 12.32 10.70 11.87 14.60 18.05 14.69
67 169 Minneso 12,62 11.09 14.40 16.28 17.45 13.39
68 188 Bearded Fi 10.68 9.20 10.56 13.31 16.17 14 24
69 529 | Minnesota... . 11.70 10.52 12.86 14, 16.09 13 98
70 1,006 | Minnesota........... 12,22 10.84 14.20 15,63 16.25 13 .49

Averages.......... 11.96 10,54 12.69 14,86 16,51 14.07



IET n/a



nt
ocume
wistorical DE* periment S

wansas agrcuture!

130 Department of Chemistry. [Bull. 177
(i .TABLE 49.—Protein content of wheat and mill products. Tennessee wheats. 1907,
E E |8 E | F | R |F
2 VARIETY OR NAME. : ) 2 @ : :
5 : :
72.| Mediterranean...............uu 10.98 9.68 9.11 12,70 16.32 13.86
78| Poole....... cocieeiiiiinininn 9.29 7.94 8.30 10.48 14.48 12.62
74 | Fulcaster .....covvviivvnenainns 9.52 8.36 8.08 11.45 14.91 12,70
k3 11 11 12.06 10.52 11.85 14.38 14.28 15.44
AVerages ... ..iiiiiiiiaiie, 10.46 9.12 9.21 12.25 14.66 13.47
TABLE 50,—~Protein content of wheat and mill products. Washington wheats. - 1907.
s[5 lele]s
E E 8 | 8 | F | F |F
2 VARIETY OR NAME, : = g @ : :
g : g 5 E’
g % . 5
76 | Turkey Red......oovvvvevninnns 11.15 9.54 14.54 13.46 17.58 13.78
77 | LittleClub...........oc00vennes 8.90 7.94 7.656 10.92 14.44 12.08
78 | Forty-fold............ . 8.52 8.32 8.02 11,17 14.34 12,568
79 | Red Russian....,...... 12.84 10,40 11.37 14,84 17.18 16.09
80 | Western Blue Stem.. 8.84 7.24 6.92 10.40 13.45 12,16
AVErages ......viiiiiiiconas 10.25 8.86 9.68 12.16 15.87 13.32

TABLE 51.—Protein data eoncerning certain wheats and mill products obtained from them.

KANSAS’F 1907. Wheat. ngfxrrlf ggfﬁ( Tgég;l.gs Shorts. Bran.
Average protein content, per
cent ... 12.48 11.10 11.95 1480 1749 15.14
Differences from wheat....... .... —1.38 —0.58 --1.32 45.01 J-2.66
Average per cent of products. . 51.16 9.55 1249 -6.83 1854
Grams protein from 100 grams
wheat ........... .00l 1248 5.68 114 185 119 281
Distribution of protein........ 44.98 9.00 1440 9.31 2217
MiNNESOTA, 1907. :
~Average protein content...... 11.96 10.54 12.69 14.86 16.51 14.06
Differences from wheat....... . —1.42 +0.73 +2.90 +4.55 +2.10
Average per cent of products. . 55.71 7.57 1094 6.53 16.83
Grams protein from 100 grams i
wheat ....... ... ... ..., 11.96 587 096 163 1.09 247
. Distribution of protein........ 48.83 1798 13.50 9.06 20.54
. TENNESSEE, 1907.
Average protein content...... 1046 9.12 921 12.25 14.66 13.65
Differences from wheat....... co.. —1.84 —1.25 +1.79 +4.20 4-3.19
Average per cent of produets.. 50.11 11.02 12.43 5.93 19.65
Grams protein from 100 grams
wheat ....... ... il 1046 457 1.01 156 0.87 267
Distribution of protein........ 42,79 9.46 14.60 8.14 25.00


IET n/a



ent
\—\is&or'\ca\ Docurrn\‘ "
Am\cu\(uva\ Experime!
s

Kans

Aug. 1911.1 Chemical Composition of Wheats. 1381
WASHINGTON, 1907.

Average protein content...... 1025 8.68 9.68 12.15 1537 13.32

Differences from wheat....... veo. —1.57 —0.57 +1.90 +5.12 +3.07

Average per cent of products.. .... 49.46 10.66 14.22 6.52 18.37

Grams protein from 100 grams T
wheat .........c.0viheenn 10.25 429 1.08 1.72 1.000 244

Distribution of protein........ ... 4093 982 1641 9.54 2327

We see the same general relation as was noted in the sum-
mary table for the Kansas wheats of 1906. The amount of
protein recovered in the patent flour is proportional to the
amount of patent flour produced. The amount of patent flour
depends not only on the nature of the wheat but also on the
skill of the miller and the equipment at his disposal. Other
things being equal, the less protein recovered in the patent
flour, the more will be found in the break and tailings flours.
As was noted in regard to the Kansas wheats from the crop of
1906, the bran and the shorts contained a proportion of pro-
tein that is larger than their proportion of the milling products.
The percentage of total flour for the different groups is as fol-
lows: Kansas 73.22; Minnesota 74.22; Tennessee 73.51; Wash-
ington 74.23. The corresponding percentages of protein re-
covered in the total flour for these groups are: Kansas 68.38;
Minnesota 70.31; Tennessee 66.95; Washington 67.16. The
excess per cent of protein in the bran and shorts for these
groups of wheat is as follows: Kansas 4.84; Minnesota 3.91;
Tennessee 6.56; Washington 7.07. These numbers have the
same general relation as the qualities of the flours from these
wheats. Better wheats will not only produce a better yield of
flour, but a larger per cent of the protein of the wheat will also
be recovered in the flour.

GLIADIN CONTENT OF THE FLOURS AND PERCENTAGE OF GLIADIN
IN THE PROTEIN.

The per cent of gliadin in the flour and the per cent of
gliadin in the protein are found in tables 52, 53, 54, and 55.
The gliadin was determined in the same manner as before
described. In the same class of flour there is much less varia-
tion in the per cent of gliadin in the protein than in the per-
centage of gliadin and protein. Two flours may differ very
much in their content of gliadin and protein and yet have very
nearly the same gliadin per cent in the protein. The per
cent of protein and gliadin in No. 61 Turkey is 11.45 and
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6.33 respectively; that of No. 62, Crimean is 8.61 and 4.57,
a difference in protein of 2.84 and of gliadin 1.76 per cent, yet
the difference in the gliadin per cent in the protein is almost
within the limits of the analytical error. As is shown else-
where a difference of 0.10 per cent in the protein determina-
tion makes nearly two per cent in the gliadin per cent of pro-
tein. In view of this, differences of less than two per cent
should be neglected.

The patent and break flours of each group average the same
gliadin per cent in the protein. The tailings flours average 10
per cent lower in the Kansas flours, 18 per cent in the Minne-
sota, 14 per cent in the Tennessee, and 12 per cent in the Wash-
ington flours. The ratio shows the greatest variation in the
tailings flour and the least in the patent.

RELATION OF THE PERCENTAGE OF-GLIADIN IN THE PROTEIN TO
THE BAKING QUALITIES OF THE FLOUR.

If we compare the gliadin per cent of the protein with the
baking qualities, using figures from the same classes of flours,
we find no correspondence. At least, the power of absorption,
the rise in the oven, and the loaf volume furnish a closer
measurement of the baking qualities than the gliadin per cent
of the protein. It is true that the methods of conducting the
baking tests leave much to be desired, but two flours may have
the same gliadin per cent in the protein and yet one may have
good baking qualities and the other very poor. The per cent
for the patent flour of No. 57, Fultz, is 50.52 and the per cent
for the tailings flour of No. 56, Zimmerman, is 50.38. The
former shows good baking qualities and the latter very poor.

If we compare flours of different classes there is some cor-
respondence between the baking qualities and the gliadin per
cent of the protein. The tailings have the lowest per cent;
these are also the poorest in baking qualities. If these classes
are compared the average gliadin per cent of protein of good
flours is 56.00 and of the poor flours 42.00 While the gliadin
per cent in the protein shows a difference between classes of
flours it fails entirely in showing differences in flours of the
same class. It should be remembered, however, that the physi-
cal properties of the tailings flour are very inferior. These lack
decidedly in granulation. They have also a large amount of
bran, material which has a deleterious effect. From what has
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TABLE 52.—-Gliadin and protein content of flours, Manhattan and McPherson wheats., 1907.

sy Jo woipsoduio) porwdy) ['T161 S0y

E’ g, E Patent flours. Break flours, Tailings flours.
g 3
- £
g é‘?“fx VARIETY OR NAME; . g ® g S En g T 5? ® E P g 5 E . g? G ER g
= = = = = = .5 =
o Sa B By Bo o Ba S B Qe B0 BwBe
. o a0 TRA® g oo Frad g 2.6 FRad
;g : 3 53 | 1958 S S P 9FE ig=3 Ea 1953
53 1,689 | Torgova.......ocovvunnnn, Cereesarreieaeaas 10.08 5.37 53.27 11.84 6.20 52.36 12,99 5.32 40.95
54 1,571 TUrKeY. ..ot i e 10.68 5.60 52,43 12.26 6.50 53.02 14.59 5.98 40.30
55 2,006 | Currell.........coiiviiiiiiiiiiiiiean, 13.84 7.71 55.70 14.74 8.20 55.63 18.43 8.26 44.81
56 2,907 | Zimmerman..........iiiiiiiiiiiiiinnnine. 12.91 7.20 55.77 12.43 7.19 57.84 14.96 7.54 50 38
57 867 [ Fultz....oiiiiiiiiiiin it 9.46° 4.78 50.52 8.04 4.28 52.98 11.66 4.98 42.53
58 368 | Malakoff .............o i 13.40 7.53 56.19 16.80 9.27 55.17 19,07 9.16 48.03
59 369 | Minnesota............... 12.71 7.14 56.17 15.16 8.88 58.57 18.29 8.80 48.10
60 | 378 | Defiance..... 10.89 6.13 56.28 12.77 761 598.59 15.25 6.97 45,70
6L | 380 | Turkey. 11.45 6.33 55.10 12.96 7.62 58.79 15.11 7.64 50.63
62 574" | Crimean.. 8.61 4.57 53.07 8.48 4.80 56.73 11.69 4.74 40.54
63 576 | Weissenberg . 8.78 | 4.82 54,89 9.12 5.13 56.25 12.00 4.98 41.50
64 BT (Currell ...ttt i 10.40 ! 5.56 53.47 8.95 5.15 57.54 18.62 5.68 41.70
1
AVErages. . ivu ottt 11.10 ¢ 6.02 54.40 11,96 6.64 56.20 14.80 6.66 44.59
TABLE 53.—Gliadin and protein content of flours, Minnesota wheats, 1907,
2oz | n
g g E . Patent flours. Break flours. Tailings flours.
g 7 !
- 8F y n ] g "y g ] gy o]
é ‘\ .‘"’; ‘[ VARIETY OR,NAME, ?: Q glg 85'52 ,E 2 Es SSEQ .s Q ".S.?% 5”51"_2
ol 28 g's Brg'e 4] ge S Eo Sa B'e 5w Bo
= | 4] 2.6 TRas =] 2.0 "R Ao e af TRad
g | & F2 | 1982 g g2 { :98E B 52 192
D ; H 3 1
I— i
] | 163 | Fife. i 10.92 6.25 57.28 12,76 7.30 57,20 15.35 6.38 41.56
66 } 165 | Fife............ 10.70 6.51 60.84 11,87 6.97 61.30 14.60 6.17 42.26
67 ! 169 | Minnesota, . 11.09 6.26 56.44 14,40 8.44 58,61 16,28 6.02 36.97
68 i 188 | Fife, bearde 9,20 4,97 54.02 10.56 5.96 56.43 13.31 4,66 35.01
69 | 529 ‘ Minnesota, . 10.52 6.03 57.81 12.86 7.16 55.59 14,00 5.99 42,71
70, 1,008 i Minnesota........ 10.84 6.34 58.48 14.20 7.94 55.91 15.68 6.06 38.77
i
‘ Aversges......... ... ........... ...l 1054 6.06 57.38 12.69 7.29 57.50 14.86 5.87 | 39.54

861
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TABLE 54.—G1iadih and protein content of flours. Tennessee Wheats, 1907

Vel

‘Rugsnmay) fo quowgsndad

= ’
<] ‘ Patent flours. Break flours. Tailings flours.
& |
= ~ S b 9 *w bl b g 9
%’ ‘ VARIETY OR NAME. g \ wg 2w l w8 % w8 2nl X w§ Py
=% Ee ' B R S g e B B Q o e B 8o
=2 a0 2.8 = o ] a.8 TRae >0 B rEat
" 23 l Z2 D 9F2 g2 ‘ F2 | 19§ 22 =4 CYEE
Mediterranean 9.68 5.37 55.47 9.11 5.19 56.97 12.70 5.44
Poole,.......... 7.94 4.26 53.66 8.30 4.28 51.56 10.48 4.27
Fulcaster .. 8.36 4.44 53.11 8.06 4.47 55.45 11.45 4.26
BTt T R R R 10.52 6.08 57.79 { 11.85 6.75 59,47 14.38 6.28 ‘
AVEIageS. . v vaerisiarar ooty seesaresabes 9.12 l 5.03 1 55.00 l 9.20 5.17 55.86 12,22 5.06 |
TABLE 55.—Gliadin and protein content of flours. Washington wheats. 1907
7
g Patent flours, Break flours. . Tailings flours.
g
lac) ] b} o] ] ac] ) = Ls-]
E VARIETY OR NAME. 5 8 w8 gEng °F ng g;.(g_g 58 X 25R 8
& &8 g8 | "9is &8 Es | PTES 8 ES | 5gEs
g gE F2 1 9FE 2 g2 | 1 9ER L2 E& |1 9FE
Turkey Red............. 9.54 5.16 54.08 14.54 8.06 55.43 13.45 5.82
Little Club.... 7.94 4,54 57.17 7.56 4.23 55.95 10.45 4.54
Forty-fold ..... 8.32 5.04 60.57 8.02 4.95 61,72 11.17 5.38
R--d Russian 10.40 6.29 60.48 11.37 6.56 57.69 14.84 7.58
Western Blue Stem 7.24 3.88 53.59 6.9¢ 3.94 56.93 10.40 4.22
AVErages . cieieiiasiiiaiaiiisae o ieiaseeisranas 8.68 4,98 57.17 | 9.68 554 1 57.54 12.15 5.49

LLT Tng]
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been noticed, the baking qualities of the flour depend at least
as much upon the physical properties as upon the percentage
of protein or gliadin, or upon the percentage of gliadin in the
protein, 1.e., the gliadin-protein ratio.

A STUDY OF GERMINATED WHEAT AS COMPARED WITH SOUND
WHEAT.

TREATMENT OF THE SAMPLES USED.

For this experiment, portions were selected from several
varieties of hard wheat from the crop of 1906. Varieties
similar in chemical composition were chosen. They were all
equal to No. 1 wheat. The whole was thoroughly mixed and
divided into eight portions of three thousand grams each.
Five shallow boxes were made with sides one inch high and
a bottom area of one square yard. These boxes were filled with
fine, clean sand. On top of the sand was placed one thickness
of unsized paper and a sheet of cheesecloth. With a garden
sprinkler water was applied to the whole till thoroughly mois-
tened. The wheat was spread evenly and covered with another
sheet of cheesecloth and on top of this muslin bags, the latter
soaked in a solution of formaldehyde. This was for the pur-
pose of preventing mold. Only one small patch of mold ap-
peared, and this was on the wheat treated longest. The extra
thickness of cloth also served to keep the wheat more uniformly
moist. The strength of the formaldehyde solution was twice
that used in treating grain for smut, or in the proportion of
one pound for 20 gallons.

The experiment was started at two o'clock, July 29, 1907.
Two additional sprinklings were given that day, and the
sprinkling was repeated four times a day during the experi-
ment. As much water was applied each time as the sand
would hold. The weather was very warm, varying from 90° F.
to 100° F. in the shade every day. The germination was car-
ried out in the attic of Physical Science Hall. The portions
were numbered from one to eight. The first five are those
germinated 1, 2, 3, 4, 5 days, respectively. Portions 6 and 7
were treated as described below. No. 8 received no treatment.
This is the check. Wheat numbered 9 in the following tables
was a sample of damp wheat sold for feed. This was very
damp and musty when received. It was kept in a dry, airy
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place, where it soon lost its dampness and most of the musty
smell.

I. Portion one was removed from the sand after twenty-
four hours. No signs of germination were apparent to the
naked eye. The wheat was spread out on a sheet of cloth on
the floor. As the room was warm, airy and dry the wheat was
in a condition to place in the muslin bag after twenty-four
hours. Here it was left for a week, after which it appeared
dry and plump, like sound wheat.

Il. Portion two was removed from the sand after forty-
eight hours and treated as No. 1. The signs of germination
were evident on a large number of seeds. When the wheat
was dry it differed little from good sound wheat.

Ill. Portion three was removed after seventy-two hours
and treated as above. Germination was now visible in most
of the seeds. In a very large number of the seeds the plumule
and rootlets were from one-eighth to one inch long. After
drying these shriveled up so as to appear quite insignificant.

IV. Portion four was removed after ninety-six hours. The
plumules and rootlets were now, on the average, one inch
long. In places the wheat was grown together in one matted
mass. As the day was damp and warm the wheat did not dry
very fast; the plumules were quite green after eight hours.
The wheat was kept for several days on the floor before it was
placed in the bag.

V. Portion five was removed after one hundred and twenty
hours. The plumules and rootlets on a large number of seeds
were two inches long. The whole was one matted mass and
had to be torn apart. This was slow in drying, like No. IV.

The fact that Nos. IV and V were slower in drying explains
to some extent the great change between III and IV. These
five can be divided into two groups, the first three and the
last two. This appears most striking in the baking test. There
is a gradual change from I to Ill, then between Il and IV
there is a great change. Between IV and V the change is
again gradual.

V1. Portion six was treated in all respects like No. 1 ex-
cept that the treatment with formaldehyde was omitted. Ger-
mination was apparent on a very large number of seeds. This
shows the rapidity with which germination will start under
favorable conditions.
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VII. Portion seven was treated in all respects like No. 1
up to the time it was taken from the sand. Instead of drying
on the floor it was placed in two tin basins and dried for two
days in a steam oven, when it was dry, hard and brittle.

VIII. Portion eight was the untreated wheat. This is used
as the check.

IX. Portion nine is a sample of damp, musty wheat sold for
feed and received from Fielding & Sons, Manhattan. This
wheat was kept for some time in a dry, airy place, when it
had the appearance of good wheat with but a slight musty
smell.

When all the portions of wheat were thoroughly dry they
were weighed, sampled for analysis, and the remainder scoured
in the machine described above. The results are set forth in
table 56. Columns 4 and 5 show the weight in grams lost in
the process of germination and drying. With the exception
of wheat No. 2 the loss shows a constant increase; three times
as large in No. 5 as in No. 1. The apparently small loss in
No. 2 is due to less drying than the other portions, as shown
in the table on moisture. Correcting for this the loss in No. 2
is seventy-three grams. While less than No. 1, the difference
is small when the conditions of the experiment are taken into
consideration. The results show beyond a doubt that when
the wheat is subjected to heat and moisture large losses occur.

TABLE 56.—Summary of data for preliminary treatment of germinated wheat,

i3 2 4 c e S Y g g ~ 4 =

o} ¥ =3 oo 3 e S

§| 85 | 954 | DL%s (FUE| NER | FRR | F@ | BE | 8

2| 8% | BEE | iR lmef) 84T | a7f | 1g |87 | 7%

£ - - L@l ] w & &

ARCRIFUAES I CREE R PR PR B A I

g1 g g RgE |BRE| EEg BES | g 5

No@ 8 - v He N - .

T L& LRy 'R g :

1 2 3 4 3 6 7 8 ] 10
33 1 3,000 2,017 83 2,640 2,565 % 168 5.30
34 2 3,000 2,957 43 2,870 ©2,68 86 129 4,30
85 3 3,000 2,800 100 2,646 2,666 80 180 6.00
36 4 8,000 2,851 149 2,502 2,3%0 200 349 11.60
37 5 3,000 2,750 250 2,492 2,040 452 702 23.40
38 6 3,000 2,946 54 2,685 2,608 52 106 8.50
89 7 3,000 2,840 160 2,598 2,830 63 223 7.40
40 < 2 I I N 2,000 1,977 23 23 1.60
41 L I T R T PR 2,000 1,960 40 40 2.00

The result of scouring these wheats is shown in columns 6,
7, and 8. The last three lost nearly the same amount. Nos. 1
and 2 scoured as clean as ordinary wheat. No. 2 had a slightly
musty smell, but not more than is often found in wheat of-
fered for sale. No. 1 appeared normal in every respect. No. 3
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had a musty smell, but not enough to make it an unsalable
wheat from that standpoint. It was clean when scoured, but
more kernels were broken than in No. 8, the normal wheat.
No. 4 scoured quite clean. The kernels appeared plump and
well formed, but more broken than in No. 3. The musty smell
was also more pronounced. No. 5 was very much broken in
scouring. It did not scour very clean. A number of the root-
lets were not broken off. In all these five portions there is a
progressive softening of the outer seed coat. The greater
change between 3 and 4 is due, in all probability, to the causes
noted above. No. 6 was almost like No. 2. No. 7 was hard
and brittle. No. 7 scoured as a normal wheat. No. 9 showed
a large loss in scouring, otherwise when scoured was clean and
plump, with only a suggestion of mustiness.

THE MILLING TEST.

The wheats were next milled on the experimental mill. In
general they milled more like soft wheats than hard. As a
rule the bran coats were brittle and caused an undue darken-
ing of the break flour. The milling data are given in table 57.
The percentages are figured on the products obtained and not
on the wheat milled. This makes an approximate distribution
of the unavoidable losses due to dust and evaporation of mois-
ture. In this case the dust obtained in scouring is not added
to the weight of the bran. Had this been done there would
be a progressive increase in the bran corresponding to the
length of the period of germination. The percentages of flour
obtained differ little from those obtained in milling good wheat,
and the appearance of the patent flours was that of hard
wheat flours, granular and lively. In fact they were so much
like flour from ordinary sound wheat that no one but an expert

TABLE 57.— Summary of milling data germinated wheat.

w | =z - 5 g ™ gy g s

Sleg| ¢ § - eg g8 28 2§ 24 58 g 8

) 8 =R s5e 4] g e Ee ga ® o o o

5 | 8% &= 28 88 ng ng | oy 8 g

g2 | =k &2 g8 2 HI- - = e - =3

g |5 B = ® L g - -1 g &
= . N 3 - g 4

5182 | SIS T IR AN

. . . [ . . H

33 1 2,000 11,07 0,00 76.23 56,90 16,84 2.98 16,38 7.88

34 2 2, 12.00 45.00 76.75 56.81 16.22 3.72 17.41 5.83

35 3 2,000 11.87 .00 78.60 51.80 17.64 4,15 20.26 6.13

36 4 ,000 11.67 50 00 72.82 54.17 14.86 3.17 19.27 8.40

37 5 2,000 10.66 45.00 75.40 53.42 17.75 4,28 18.47 6.12

38 6 2,000 11.55 50.C0 75.89 54.43 18 08 1,89 19,38 5.22

39 T 2,000 8.50 100.00 78.18 61,67 13.50 2.95 17.28 4.63

40 8 1,977 11.71 60.00 74.98 56,59 16.56 1.81 20.61 4,41

41 9 1,960 50.00 71.47 49.06 20.85 1.56 23.65 4.87.
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could detect any difference by mere inspection. This would
be especially true if they were mixed with flour from sound
wheat.

The moisture of these wheat samples and mill products is
given in table 58. The moisture in the wheat was determined
ona portion of the unscoured wheat ground and sampled for
analysis. The moisture content shows the variation found in
the wheat and mill products from sound wheat.

THE BAKING TEST.

The patent flours from these portions of wheat were then
subjected to a baking test according to the methods described
above. The gluten expansion tests were omitted. The sum-
mary of these tests is given in table 59. Per cent of moisture
in column 3 is the amount of moisture found in the flour.
Columns 4 and 5 show the amount of water absorbed by a
weighed amount of flour. There is a progressive decrease in
the first five flours. First the absorption was determined in
flour No. 1. Then the same amount of water was added to
thirty grams of each of the following flours. No. 2 was a little
too soft. No. 3 was soft and sticky. No. 4 too soft and sticky
to make a dough, and No. 5 was more of a thick paste than a
dough. Next, seeing this progressive change, the absorption
on No. 5 was determined. From the difference between 1 and
5 it was seen that each flour would take about 0.5 cc. less in
each case. This amount was now used and a dough of work-
able properties was obtained. There was another quality in
these doughs not expressed by the figures. When the dough
of 3, 4, and 5 was worked it had a rubbery consistency, enabling
it to be pulled into long threads. This quality was weakest
in 3 and strongest in 5, in 4 about midway between. This

TABLE 58.— Moisture content of wheat and mill products. Germirated wheat,

@ 2 gy w w ) w
A N S T S
g, 5 & ;

gl B8 T E;, z ® g

] it . 2 .

g | 58 : g g g '

gl g > 5

e n . .

: i : :

33 1 11.07 11.52 11.25 9.97 10.05 9.40
34 2 12.00 12.36 11.66 9.57 R.82 9.50
35 3 11.87 11.79 11,24 9.27 9.09 9.30
36 4 11.67 11.57 10.61 9.35 9.71 8.95
37 5 10'65 1142 1080 9.32 8.62 8.65
38 6 11.55 11.59 10.79 9.59 9.39 9.13
39 7 8.50 10.98 9.79 8.95 8.55 8.72
40 8 1.7l 11.53 10.49 8.57 8.78 9.19
41 9 12.92 12.42 11.28 8.60 8.76 9.62
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59.—Summary of baking tests. Germinated wheat flours.

**IqUINU [eLIog

StrejeauyMm
Jo _QUNN

* *@an)sow
3O JU0D 10 g

©*gXAFOW
-JU2D AYNO
‘sead og £Aq

Jo aBejuenaay -

[
i
1]
P

Poqiosqe Joye
* "u013dIosqe

T UUSWIBAS Feol
0] POSn IBM

"é[e}.xamm 1ejo],
- - xopesuy]
ul Jor yInoq

st Buisia
Buranp sso']

*"BULSIA J0F oMLY, -

Bulxeq Ul S50
“uryeq .xb; SWILE,
*-3uryeq Ioy

aanjerodwng,

" 38Ol

PoEq JOMTOM

* 502Ul JIgNO
‘JROT JO SWNJOA

€0 0~ O3 T ik €O 1D

O COLOT> LN B L0 L
SO 00 O ke ~1
SSSSESESS

B B 0O On i &S b Ot
RO UI00 TN -3 OO S0 D0

LILIPITE?
19 1D B0 1D 10 10 1O 10 Do
OF Gt 1 ST O O ~3 Gt SR

v -

'EJ?S}W@’I[O Jo wowmgindacy

.

LLT TIng]


IET n/a



His! ent

gl DocUM
i (OT\Ca\ "
\ pgricuturd Experiment S

s

Aug. 1911.] A Study of Germinated Wheats. 141

Kansa:

quatity seemed to be of a temporary character existing as
long as the dough was worked, and after standing a few
minutes it became brittle. This brittleness also appeared
strongest in 5 and weakest in 3. The resemblance to putty
was quite close. The dough on being worked again assumed
the rubbery consistency. When the amount of water to be used
for each flour in making a good dough had been determined,
the baking test was performed as previously described.

Notes on the Dough from the Different Flours.

No. 1. The dough was of about the right stiffness, not sticky,
but lacked smoothness. The texture was good, but was some-
what coarser than normal, showing a weakening of the gluten
In rising and baking the loaf was normal. The texture of the
bread showed a small weakening of the gluten. This was very
slight however. This loaf is marked No. 1 on plates 21 and 22.

No. 2. The dough was smoother than No. 1, but somewhat
less elastic. The texture of the baked loaf was good, but showed
a coarser texture, indicating a further weakening of the gluten.
This latter was also indicated by the larger loaf volume. This
loaf is marked No. 2 on the two large plates, 21 and 22.

No. 3. The dough was the right stiffness, but a very rub-
bery consistency. The dough rose very rapidly. The texture
was good, but showed a weaker gluten than No. 2. This fact
is also shown by the larger loaf volume. This loaf is marked
No. 3 on plates 21 and 22.

No. 4. The dough was soft, smooth, and very much like
rubber in consistency. It was not at all springy. It would
run in the pan: The texture of the loaf was poor. The large
holes in the crust and in the crumb showed a very weak gluten.
The shape of the loaf indicates a very marked change in the
properties of the gluten. No undesirable flavor was apparent
in the bread. This loaf is marked No. 4 on plates 21 and 22.

No. 5. The dough was very soft, smooth, and would run. It
was of a rubbery consistency like No. 4, but less strong. The
loaf was the poorest in texture of all five. The large holes in
crust and crumb indicate a very weak gluten. No undesirable
flavor was apparent in the bread. This loaf is marked No. 5
in plates 21 and 22.

No. 6. The dough and loaf were normal except that they
showed a weakening of the gluten giving a very large loaf
volume. The texture was good.
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PLaTE 21, Loaves from wheat subjected to germination e¢onditions, compared
with that from sound wheat. See text for description.

o i o m‘4,,‘;.‘-..«.'..,..,\..,9‘ oy £ “ Y J " i i \ e i
5 n 3 2 / [}
PLATE 22. Loaves from wheat subjected to germination conditions compared
with that from sound wheat. See text for description.

No. 7. The dough was very weak; granular, like cake dough.
Had not the coherence to be worked in the machine. Rose but
little. The loaf was very brittle and when dry became very
hard. This shows a more profound change in the gluten than
any other, This loaf appears on plate 23, to the right of the
normal loaf.

No. 8. This is the standard loaf for the series. The dough
and loaf were normal in every way. The texture was very fine.
The loaf is marked 0 in plates 21 and 22.

No. 9. The dough was apparently normal. The loaf was of
good texture and taste. The only difference between this loaf
and one from sound wheat was a little coarser texture, show-
ing a slightly weaker gluten.

In general the baking qualities of these flours, with the
exception of 4, 5, and 7, were good, and show that wheat may
have undergone incipient germination and still make fairly
good flour. However, it must be remembered that these
wheats received the best of treatment after the germinating
period. It shows, moreover, the power of wheat to withstand
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unfavorable conditions. This, however, is no excuse for giving
wheat poor treatment. The strength of the flour is weakened
by incipient germination. Germination may be carried so
far as to destroy the baking qualities of the flour. The losses
in scouring are greatly increased and the proportion of flour
obtained is decreased. The protein content of the germinated
wheat and mill products is shown in table 60. The protein of
the wheat was determined on a sample of unscoured wheat.
The mill products are from the scoured wheat. Nothing in
these figures shows the effect of the germination. The varia-
tions show no relation to the germination and can be accounted
for by the methods to which they were subjected before
analysis.
CHEMICAL COMPOSITION OF THE FLOURS.

The gliadin content of the patent and break flours is shown

in table 61. The per cent of gliadin was determined according

6 7

& 7

PLATE 23, Loaves from wheat subjected to germination conditions, See text
for deseription,

to the method described previously. The gliadin per cent of
protein is obtained by dividing the per cent of gliadin by the
per cent of protein. No relation between the baking qualities
of the flour and the gliadin per cent of protein is apparent.
Take No. 4 and No. 8. The latter had very good baking qual-

TABLE 60.—Protein content of wheat and mill products.
Germinated wheat,

@ ,.2 o w " w &
glvEl F 1 2 3 £, z 3

g gE g g = g ! B

= g g £ = = ® b7

8 1er . =1 @ 4

g1rs : = 2 - :

815 : 2 g 2 :

g1 " : g :

33 1 11.42 9.78 11.78 12.06 16.24 15.49
34 2 11.84 9.39 11.20 11,45 16.83 16.49
36 3 11.57 9.49 11.04 11.63 15.95 14.56
36 4 11.80 9.27 11.02 11.00 15.96 15.80
37 b 11.72 9.43 10.82 11.87 16,08 15,89
38 [ 11.48 9.77 11 84 11,92 17.57 15.40
24 ” 11 aQ a an 19 11 14 10 18.04 18.92
40 8 11.39 9.76 12,14 13,563 15.93 15,28
41 9 10.62 7.90 10.38 13.99 16.57 14.69
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TABLE 61.—Gliadin content, Germinated wheat.

0 )

41 ? Patent flour. Break flour.

8

5| g o] g g g o
Ele ] ws | af | 5% | y% |af | sf
TEEE B |3t BB
" =3 g =S S 5o g %ﬂ-

: ] . : JoR] . S
N S : : Fy : 5
Do : : .- : g

I : : 1 B : El
33| 1 9.73 5.92 52.65 | 1173 | 6.16 52.43
34 2 9.39 5.83 56.79 11.20 5.91 62.77
35 3 9.49 5.47 57.66 11.04 6.17 55.85
36 4 9.27 5.35 57.78 11.02 6.16 56.88
37 5 9.48 5.58 59.18 10.8&2 6.12 56.55
38 [} 9.77 5.56 56,91 11.84 5.99 50.67
39 7 9.90 | . 4,588 85,17 12.11 5.25 43.36
40 8 9.76 5,48 56,12 12,14 5.87 48.35
4! 9 7.90 467 59,07 10.38 | 4.79 46.11

ities and the former very poor. The gliadin per cent of pro-

tein of No. 4 is 57.73 and of No. 8 is 56.12, a difference which
has no weight whatever. An error of 0.01 per cent in the nitro-

gen determination is within the error permissible in ordi-
nary work. This would amount to 0.06 per cent protein.

Assuming this error to be allowed either way, the figures for
No. 4 would be, total protein 9.33 per cent and per cent of
gliadin 5.29, which would give a gliadin per cent of protein of
56.69; and the figures for No. 8 would under the same condi-
tions be, total protein 9.70 and per cent of gliadin 5.54, which
give a gliadin per cent of protein of 57.11. The ratio of
gliadin to protein may be identically the same in a flour of
very poor baking qualities and in one of very good baking
qualities when these poor baking qualities are due to germina-
tion.

The difference between No. 1 and No. 5 represents the ex-
tremes. From the figures obtained it seems that the gliadin
per cent of protein is on the increase corresponding with the
length of the germination period. However, the difference
between No. 1 and No. 5 bears very little relation to the baking
qualities. The difference between. No. 1 and No. 2 is 4.14,
and between No. 2 and No. 5 is 2.39. But the difference be-
tween the baking qualities of No. 1 and No. 2 are small while
between No. 2 and No. 5 there is a very large difference.
Further, in patent flour from wheat serial No. 26 the gliadin
per cent of protein is 52.55, corresponding very closely with
No. 1 in this test. Also, in a patent flour from wheat serial
No. 11 the gliadin per cent of protein is 59.36, which corre-
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sponds very closely to No. 5 in this series. Both the flours
from 11 and 26 were excellent in baking qualities, both giving
the same loaf volume and nearly the same weight of the baked
loaf, while No. 5 in this series was very poor.

The protein in amino compounds and the protein soluble in
1.5 per cent salt solution, as well as the acidity of these flours,
are given in table 62. The protein in amino compounds was
determined as follows: Eleven grams of flour was put in a
600 cc. Erlenmeyer flask and thoroughly shaken up with 400 cc.
of distilled water. The shaking was repeated several times
during one hour. Then the flour was allowed to settle and the
supernatant liquid filtered off. To 200 cc. of the filtrate 20 cc.
of a 10 per cent solution of phosphotungstic acid was added
and allowed to stand over night. This precipitated all the
proteids dissolved or suspended in the water, and an absolutely
clear filtrate was obtained. Two hundred cc. of this filtrate
was taken and the nitrogen determined by the regular Kjeldahl
method. The nitrogen was multiplied by 5.7, to reduce to equiv-
alent protein comparable with other determinations. In the
patent flour the protein in amino compounds increases in
amount with the length of the germinating period. No. 4 and
No. 5 have a relatively larger increase than the first three. This
is probably due to causes noted above. No. 7 has the largest
amount of these compounds showing the power of moist heat
in the production of amino compounds. In the break flour
the increase is not so regular, but the difference between the
first three and the last two are clearly evident. In this case
there is at first a decrease from the amount contained in the

TABLE 62,

g ? Prot Prot&ain i? %i,m- ‘

g rotein in amino | pounds soluble in idi
ol - compounds, 1.5 per cent salt Acidity of flour.
24 R solution.
He -

lac] w ) o] o)

S el | sl | sf | 5E | 2% | s
PR 88 | B% | B2 | &R | EE | £R
38 1 186 225 2,14 2.71 1.10 2.10
34 2 144 .208 2.14 2.50 1.15 1.66
35 8 184 .240 2.4 2.48 1.80 1.95
36 4 247 827 2.26 2.63 1.62 2.25
37 & 351 .884 2.42 2.83 1.58 2.45
38 6 192 .888 2.17 2.87 1.10 2.05
39 7 b2 536 1.68 2.38 2.15 2.50
40 8 128 276 2.18 3.10 0.90 2,00
41 9 176 .288 2.19 2.66 0.90 1.80
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patent flour. The break flour starts out with a larger quan-
tity of these compounds than the patent. The amount is de-
creasing the first two days, however, the amount being all the
time above that of the patent flour. After the second day the
amount of amino compounds begins to increase. The decrease
during the first two days may be explained in this way:
Baker’s flour comes from the portion of the wheat berry near-
est the bran and germ. During incipient germination the new
vegetative cells would draw for their supply from the already
stored up amino compounds nearest them. Thus in that por-
tion of the wheat berry nearest the bran these amino com-
pounds would at first be used up faster than produced. After
the second day the increase in amino compounds would prob-
ably equal the production. But the vitality of the cells in the
plumule and rootlets would decrease faster than the vitality
of the cells in the wheat berry when the wheat was placed on
the floor. Hence the amount of these soluble amino compounds
would increase.

These amino compounds were produced in the largest amount
in No. 7, that portion which was germinated one day and then
heated. From this it is seen that moist heat is very potent in
the production of these compounds.

The protein in compounds soluble in 1.5 per cent sodium
chloride solution is also shown in table 62. These compounds
show no increase in the first three of the patent flours; in the
last two there is a slight increase. In the break flour there
is a slight decrease in the first three, while in the last two there
is a slight increase. These changes may be explained by the
same theory as in the case of the amino compounds. In the
patent flours from No. 7 there is decrease beyond that of the
normal flour. This is due to the coagulating effect of heat
upon albumens.

The acidity in these flours is shown in the last two columns
in table 62. In the patent flour there is a slight regular in-
crease in acidity. In the break flour there is the same regular
increase if No. 1 is omitted. The highest of acidity appears in
No. 7.

For the determination of acidity ten grams of the flour were
shaken up with 100 cc. of distilled water and allowed to stand
one-half hour. The supernatant liquid was filtered and 50 cc.

of the filtrate was titrated against a %Q solution of KOH using
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phenolpthalein as indicator. The numbers refer to the number
of cubic centimeters of KOH solution neutralized in each case.

One cc. of z KOH is equivalent to 0.0045 grams lactic acid.

MILLING AND BAKING QUALITIES OF WHEAT AS AFFECTED BY
MOISTURE AND HEAT.

The plan of this experiment was to treat portions of wheat
with water for varying lengths of time and to subject one-
half of them to a temperature of 100° C. to 120° C. until all
added moisture was driven off. Ten portions of three kilos
each were used. All were from the same lot of wheat.

TREATMENT OF SAMPLES USED.

Portion 1. This portion received no treatment, and was
used for a check.

Portion 2. This was placed in the electric oven for seven
hours. The temperature varied from 100° C. to 120° C. This
serves as a check for the portions treated with heat.

Portions 3, 4, 5, and 6. These were placed in two-quart
Mason jars, one kilo in each jar. To each jar 100 cc. of water
was added. By rotating and shaking the jar the water was
evenly distributed. After four hours 50 cc. more water was
added to each jar, and after 12 hours 50 cc. more, making
200 cc. of water for each kilo of wheat. This was found to be
the maximum amount of water they would absorb. After
standing awhile, a little water would collect in the bottom of
the jars. That one part of the wheatshould not be subjected
to more water than the other, the jars were inverted twice
every day. Portion 3 was kept in the jar for two days, por-
tion 4 for four days, portion five for eight days, and portion
6 for twelve days. After treatment with water, the wheat
was spread in a layer on cheesecloth and allowed to dry.
When the wheat was thoroughly air-dry it was placed in
muslin bags and hung in a dry place.

Portions 7, 8, 9, and 10 received the same treatment with
water for the same length of time as portions 3, 4, 5, and 6,
but instead of drying on the floor, these portions were placed
in the electric oven at a temperature of 100° C. to 120° C. until
all the added water was driven off and the berries were hard
and brittle. The wheat was then placed in muslin bags and
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TABLE 63.—Milling data. Water and heat experiment.

|

AE Pl F a8l oF | o8 |8l 8| 2 153 3
<1 BR £ g 23 gR 'g 141 ] gR it 11 jid g?:
® 28 S L4 ge S o & n =1 o I e IR
~| 8 B8 g% |EE Ed z8 £3 58 é 8 & =Re
g5 TREATMENT. g2 | T3 28| =2 & g1 & 2 = g 2 [
B | E é R R g g g @ g & e | 8%
g2 ~ gl 7|8 5 g 5 s | & =
FlE g | ol FoE |
1 | Notreatment..........ocvvvrnn.. eeeireieaeires 10.62 60 26 75.80 55.94 8.56 11,29 17.74 b 44 1.01 45,48
2 : Heatalone.... TS O 9.19 60 26 73.69 $3.80 9.39 10.41 18.43 7.02 0.85 44,21
3 | Water 2days.........ooviniinnns Ceeeeraeiaians aes 11.00 50 14 75.48 61,95 9.78 3.69 13.59 9.69 1.23 45,28
4 | Water 4day8....cciiviiviiiirininnincriririaenrenins 11,24 60 22 75.21 56.26 8.98 10.95 18.80 4.64 1.34 45.13
65 | Water 8 days.. S T 10.47 60 28 75.13 52.32 9,49 13.31 17.76 5.88 1.23 45.08
6 | Water 12 dayS.voveerrveercnrrinrararencnss veeen aven 10.69 60 25 76.84 54.86 8 54 13.43 16.54 5.59 1.02 46,10
7 | Water 2 days + heat. PP 919 | 80 | 30 | 7.58 | 56.44 | 7.99 859 | 15.88 | 9.59 | 0.99 | 44.12
8 | Water 4 days + heate.......eueueervnronriermanens 8.67 90 | 30 | 7616 | 54.04 | 7.67 | 14.44 15.25 | 7.67 | 0.9 45.69
9  Water 8days + heat............ ..c.... IR 822 | 110 | 28 | 73.68 | 53.53 | 6.56 | 13.53 18.40 { 7.06 | 1.00 | 44.11
10 | Water 12days + heat......oooeieeininieicienarnss 7.48) 110 ! 38 | a4 | 5412 | 652 | 13.81 17.16 | 7.40 | 098 | 44.66
TABLE 64.—Baking tests. Water and heat experiment.
|2 ) ] b = o] o] jw] = l = = Z <
88 =g agwg 28 355 5% 48 6g 8‘§ gE | B 2 a‘§ geE| BE | & |ges
E|g 52 |2EoE| 3 |2EF | ERE g o gL | g® |FR | © | BE 232 22| 5 |BEE
5|5 ce EEEY 5B |EUC | Es EE | B3 | BT /8% | ® | § | 0¥ EgT|FS| % | &8s
213 TREATMENT. e |dow i gg geg | 23 2E @p o | @8 A o ge |22|82| 2 {®2ge
B g pI | SEE| E% |gER| sE | g SERRFR g | B P olERglEE ) B |1 ER
ge, o858 B g6 L <3 3 &, = b " IS &the
b il HREE LA AL B A R
1 | No treatment........... 11.90 16.0 53.3 181 220 40,15 548 536 12 1:19 13 522 5 33 28 1,290
2 | Heat alone.. . 10.82 19.0 63.3 2156 250 42.95 582 570 12 1:84 18 560 0 0
3 | Water 2 day! 11.48 16.0 53.3 81 220 40.14 548 537 11 1:32 15 521 5 31 26 1,290
4 | Water 4 days. 11.78 16.0 53.3 181 220 |(........ FRS S T O O O Y O R Tt P T
5 | Water 8 day: 10,78 16.0 53 181 217 39.59 548 533 15 1:41 13 519 5 35 30 1,305
6 | Water 12 days 11.92 15.6 51.6 176 216 89.77 543 581 12 1:52 13 517 5 26 21 1,227
7 | Water 2 days + heat...| 10.65 18.56 61.8 210 248 42.63 577 561 16 1:49 17 5 S
8 | Water 4 days + heat...| 10.43 18.5 61.6 210 2456 ...l [ I B e O P T LT P I FEET T Py
9 | Water 8 days + heat ... 10.10 19.5 65.0 221 250 42,51 588 571 11 1:38 17 659 2 Lo 870
10 | Water 12 days + heat .. 10 63 18.5 61.6 210 248 42.98 577 563 1 14 1:57 17 545 6 L.t 930
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hung up where the wheat would assume an air-dry condition.

These different portions were next milled. The milling data
are found in table 63. All the samples which were subjected
to heat are low in moisture. From this is seems that if the
wheat has once been deprived of its hygroscopic water it will
not again take up from the air an amount sufficient to equal
its original water content. Because these wheats were drier
it was necessary to use a larger amount of tempering water.
The per cent of milling products shows nothing to correspond
with the different treatments received. It should be remem-
bered that had these wheats been ground for the purpose of
producing commercial flour, these per cents of flour would
not have been obtained, especially with those subjected to the
heat treatment. These wheats were so brittle that much bran
powder found its way into the flour, especially the tailings. As
these tests were to be comparative it was sought to make the
per cents of the mill products as much alike as possible.

BAKING TESTS.

These data are summarized in table 64. The tests were
made on the patent flour. The flour from the portions sub-
jected to heat is lower in moisture notwithstanding that more
water was used for tempering. These flours have also the
greatest percentage of absorption and the most total water
in materials. The baking qualities of those flours subjected
to water alone differed very little from the normal. The
length of time for the water treatment made no appreciable
difference. From this it should not be concluded that wheat
is not injured by moisture. It must be remembered that this
wheat received the best of treatment after it was removed from
the Mason jar. The experiment shows, however, that water
by itself does not injure the wheat. The injury comes from
chemical changes brought about by the presence of water. The
most common is that of germination. Water-soaked wheat is
also injured by the heat usually generated. Wheat can be
water-soaked for a short time without any material injury to
the milling and baking qualities if the temperature is low and
the wheat is subsequently thoroughly dried without any
heating.

The flour from all the wheats subjected to heat was ruined
for all baking purposes. The flour would soak up a larger
amount of water than the normal flour, but the dough lacked
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that elastic consistency present in normal dough. The dough
worked up like cake dough. It was brittle and had almost no
power to retain the gas generated by the yeast. The length
of time made no material difference, as would be expected from
the result on those treated with water alone. The bread was
heavy and hard. Eight of these loaves are shown in plates
24 and 25. The normal loaves are the ones subjected to the
water treatment alone. The loaves to the right of the normal

4% 43 44 48

PLATE 24. Loaves showing effect of moisture and heat on wheat, See text
for deseription.

loaves received the heat treatment in addition to the water
treatment. The numbers below refer to the serial number.

MOISTURE AND PROTEIN CONTENT.

The data for moisture and protein are found in tables 65
and 66. These show the same general relations as have been
noted in previous tables. The products from the wheat sub-
jected to heat are as a rule lower in moisture than the other.
The somewhat higher percentages for the portions both mois-
tened and heated are due to the smaller moisture content.

RELATION OF GLIADIN AND PROTEIN.

These data are found in table 67. The difference in gliadin
percentages of the portions treated with water alone are so
small that they can be accounted for by differences in the
samples. The very low percentages of gliadin in the heated
samples are striking. The lowest is in portion 2. This also
had the poorest baking qualities. Of the other four, No. 10
has the highest per cent. This had also a little more rising
power than the rest. That No. 2 should be so much lower than
the rest was due to the more prolonged action of higher tem-
perature. The others were moist, and so the temperature was
not above steam heat for the larger portion of the time the
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wheat was in the oven. Evidently heat at the temperature
used renders a large portion of the gliadin insoluble in 70 per
cent by volume alcohol, and at the same time the baking quali-
ties of the flour are destroyed.

There is very little difference between the patent and break
flours. As in the other samples noted, the tailings flour is
much lower in the gliadin per cent of protein.

AL S

46 50 : 47 54

Prate 25. Loaves showing effect of moisture and heat on wheat. See text for
deseription.

TABLE 65,—Heat and water experimernit. Moisture content,

7 ) o w = 2} w
| 20 2| 3 E ||

> @ @ g = = <1
bl 1=} & =} ~ = o

-] o &+ - " 2
2| g TREATMENT. : = 5 v :
8 E ] g g
z 3] 5]
o fd + =i
& g : :
. = !
42 1 No treatment................ 10.62 11.60 12.04 10.00 8.56 8.45
43 2 | Heatalone............. e 9.19 10.32 10.72 9.26 8.11 8.03
44 8 | Water2days........... .op 11,00 11.48 11.83 9,93 7.78 8.89
45 4 | Waterd4days........... 1124 11,73 12,06 9.44 7.73 8.97
46 5 | Water8days......... 10.47 10.73 10,74 9.88 7.54 8.84
47 g Water 12 days........ 10 69 11,92 11.68 10.08 8.49 9.45
48 7 | Water 2 days + heat, 10.66 10.99 9.28 8.84 9.05
49 8 | Water 4 days -+~ heat... 8.67 10.43 10.73 8.85 7.74 8.35
50 9 | Water 8days + heat........ 8.22 10.10 10.72 8,58 7.50 7.91
51 1 10 | Water 12 days + heat....... 7.48 10.58 11.02 9.28 8.36 8.65

TABLE 66.—Heat and water experiment. Protein content,

AE =z 5|2 |¢|;¢3
E| a ® g g £ g £
E| § | z = & ) :
g : TREATMENT, : = g oy :
218 g g g
E g : 3

jsd N
42 1 | Notreatment ........... 13.11 11,12 13.82 15.87 17.65 15.84
43 2 | Heatalone.............. 13.14 11.06 13.14 16,16 17,98 16.78
4 3 | Water2days............ 12.99 11.06 18.87 16.24 17.98 15 68
45 4 Water4days,........... 12,91 10.97 13.19 16.04 19,18 16.47
46 B | Water8days............ 13,18 11.12 13.26 16.38 17.90 16.58
47 6 | Water12days,.......... 12,97 11.06 13 86 15.89 {.......... 16.13
48 7 | Water 2 days + heat....| 18.37 11.84 14.07 16,93 17.27 16.84
49 8 | Water 4 days + heat.... 18.02 11.81 14.36 15.47 17.58 16.73
50 9 | Water 8 days + heat.... 18.51 11.28 18.99 15.36 17.87 17.31
61 ) 10 | Water 12 days - heat... 13,62 11,34 13.96 15.30 17.72 17.10
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TABLE 67.—Water and heat experiment. Relation of gliadin and protein.
0 , ,
4] g 1 Patent flour. Break flour. Tailings flour.
gl & |
Bl B |
= | 8 o g g "y bl g o ] bl
£l z - g 54 § ] X g 5 55
TREATMENT. ! 2 o e 2 =98 k-]
g3 P8 g 2g g 5 L g g 35
= g | o+ - g2 & =4 S G o+ g
TR |5 ®, s, g ®, gm, g & 8
. - H -] o 1= 9 = =g S = =
: I & & P8 g & - g & -
B g : F B 5 g B 5 5
1
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SUMMARY.

The scope of this extensive bulletin is shown in the table
of contents, and the work described involves thousands of data
that can scarcely be usefully summarized. The investigations
of two years or more are included, most of which have been
upon wheat of the crops of 1906 and 1907. The general line
of effort has been an attempt to trace, if possible, connections
between the chemical composition of wheats and flours and
their milling and baking qualities. In this connection much
attention has been given to the control of the milling and
baking tests so as to improve them in respect to the uniformity
of their results, in order that tests may be more comparable.
At best such tests can never possess a high degree of accuracy
when compared with chemical tests, but it is believed that
some progress has been made.

The work shows that the baking results are influenced very
greatly by a large number of details, and that while the gliadin-
protein ratio may be of some importance its effect may be
entirely offset by the influence of other agencies. The special
baking experiments recorded show how easily results may be
modified by variations in the amount of water or yeast used,
differences in the extent of the rising, in the working of the
dough, in the fineness of the flour, in the initial temperature
of baking, etc.

The effect of germination of wheat on the baking qualities
of the flour which it may yield was shown to be pronounced
but not of the character that might have been anticipated.
Slight germination injured the bread but very little. The
effect of heat upon the bread-making power of wheat was very
marked. Moist wheat dried at 100°C. to 120° C. was ruined
for this purpose.

The bulletin contains detailed analyses of about sixty wheats,
with milling tests of the same and baking tests on the flours
produced. The baking tests in many cases include com-
parisons of patent, break and tailings flour from the same
grinding.
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