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INTRCDUCTIAN
Objectives of the Study

The objectives of this study are threefold; find linear relationships
that will help in predicting characteristics of the wheat in the milling
process and its flour qualities; to study the usage of the linear related
variables in making up wheat blends; and to establish the optimal ﬁethod of
wheat blending during its preparation for milling,

Problem Statement

A wheat lot is a certain amount of wheatl, of a certain variety, from one
arca, in which all the wheat characteristics are the same throughout the lot.
Lots are wheat quantities still on the country elevator basis, usually brought
as such into the terminal or mill elevator.

A wheat blend is composed according to certain ratios from different
lots, to achieve certain desired stable properties of row materials and end
products in the milling process., This blending is usually done in the mill,
but this service is also given by some terminal elevators for whom economical
considerations are some times more important than the consideration of correct
blending,

Scott (2}) summarizes factors to be taken into account in making up a
blend;

(1) Quantities and kinds of wheat available,

(2) Relative capabilities of the wheats to give flour suitable for

requirements,

(3) Relative wheat cost.

(L) Possible need to limit percentage of one or more wheats because of

some defect.



(5) Relative milling value,

(6) Special conditions to meet customers! requireunenis.

With a prepared blend the miller has the following objectives in the

milling process;

(1) To obtain a maximum of high quality flour by endosperm reduction,
after the maximum of it was separated from the bran with a minirun
production of bran powder,

(2) To separate the maximmum amount of whole germ from the wheat kernel.

(3) Conduct the separation and reduction action with minimum alternation
of material characteristics so expected results could be reached,

Blending depends on the multiple characteristics of the wheats, such as

varietics, sources, and growing conditions, Although the miller and the
wheat blender know a great deal about the wheat characteristics from the
different tests results, and much more from their experience and familiarity
 with the milling operation, they are never sure of the performance of the
total wheat composite or the blend in the mill, During the milling process
the components of the blend might react differently than when milled
separately on the experimental mill, The performance of a blend on a
comnercial mill might differ from its performance on a laboratory mill,
Besides being interested in the commercial factors in wheat blending,
which are not the main concern of this paper, the processing-man is con-
cerned mainly with qualities and deficlencies of the wheat. He is
interested in knowing the optimal ratio of wheats in the blend so they will be
compatible and give the end products the characteristics closest to those

desired, In this study the relations betwecn the wheat lots and wheat blends
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were taken up, and the mammer by which they werc alfected by wheat terpering
prior to the milling process, Cbservations were made in order to deteriine te
what degree these factors are linearily relsted.

The machinery for grain processing 1s in advanced stzges, and it can be
adjusted with highly precise nechanisms, ILately a mill vas assembled where
pressurs, speed, and differential of grinding rolls are centinucusly con-
trolled and driven by a hydraulic system, Flow of the products in the mill
can also be designed very accurately, The environment in flour mills is con-
trolled and stabilized to certzin desired conditions,

Problems start when the mill is fed with raw material, It is necessary
to recognize that the material used cannot be stabilized in its temperature or
reaction to the environment as a piece of metal or plastic before it is proc-
essed, Wheat is a living thing, and changes occurring in it are cocntinuous as
in other living things. To mention a few; there are changes in protein,
starch, and other constituents which are affected by enzymatic activity. Too

much water overnight causes such changes that are at least egquivalent to those
that will happen to any terrestrial living thing when immersed in water over-
night,

There are many changes that occur in wheal during the grinding process,
and they are so complicated that it is still hard to comprehend them. There-
fore it is difficult to build a mathematical model describing the process of

grinding wheat inte flour.



To track changes like that il is desirable to analyze effects on the
wheat from the moment the miller sterts handling it.

It is important to note at this stage, that the work was done on avail-
able wheat varieties and thal as happens frequently in commercial mills there
was no control over the wheats before they arrived at the mill storage bins.

The first stege of handling wheat by the miller is in cleening to
remove all foreign material, In this stage rot many significant changes
occur in the wheat itself.

In the next stage the wheat is conditioned with or without heat, The
object of this stzge, from the water entrance aspect only, is that the endo-
spern gets mellow and the outer part, the bran, gets tougher so it will not be
brittle during the milling process,

/( ’ This paper will not deal with the application of heat to the process of
water entrance to the wheat, The conditioning of the wheat used in the
experiments was achieved by what is called by Eustace and Farrell (8) cola
conditioning or tempering. It requires adding the correct amount of water vo
the wheat, to best moisture for milling, and letting it stand to allow the
moisture to penetrate, The length of time allowed for the wheat in the
tempering bins is usually a decision of the miller based on his experience,
The two variables that are controlled by the miller are moisture and fime.

The miller has to decide what he wants from his mill., This implies
taking into consideration all wheat and mill characteristics, making a blend,
and tempering it, so that it will give results closest to flour specifice=-

tions dictated by the consumer,



The present work was done to show how different wheat blending sysuens
react to the addition of water, when tempercd to a fixed milling olsture,
The following systems were usced; (Fig. 1)

(1) Wheat lots were blended, then tempered,

(2) Wheat lots were temperecd to milling molsture, then blended.

(3) Lots tempered and milled separately; their flours were blendad

according to the same percentages as the wheats were blended,

What was not known, was which of these systems, each of which is widely
used in the industry, will give the best milling performance and flour char=-

igacteristics. A final consideration is with which one of these systems can
L '

' the miller assure himself maximm profit from the wheat blend, by being able
t

‘1o predict flour qualities from the processed blend,

Ny
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LITERATURE. REVIES

Seibel (25) in 1968 discussed the large amount of work that still necds
to be done in the Ticld of wheat blending, which is the first point of major
decision in wheat processing. He spoke of the nced to set methods for wheat
evalvation, so optimum and predicted results can be achieved by wheat
blending,

Many authors have dealt with the economical aspects of wheat blending.
Schruben, Niernberger; and McGregor (23) (20) (1) analyzed this from the view
point of achieving the maximum profit blend for the mill, The importance of
this method is in maximizing the difference between the investment in the
blend and the returns; rather than lowering the price of the blend, This
method when applied to the solving of a mathematical model of wheat blending
by linear programming, will ensure a higher profit, It must be kept in mind
that basically this method can succeed if the milling and baking precesses are
used in such a way as to pet from the wheats and their products the best
results,

Scott (24) emphasized wheat blending as one of the main steps of wheat
processing:

"Tn milling there are two technical parts of the process far outdis-

tancing the others in importance, The first is blending of wheats

and the second is the conditioning or treatment of the wheat prepara-

tory to milling., If these two operations are correctly performed

there is little likelihood that anything will be seriously wrong with

the flour,”

Kuprits (12) made the following obscrvations on wheat blending; better
quality flour will result when different varieties from different locations

are blended together, The qualities of a wheat variety making up one lot are

more significant than when the whole lot originates from the same area,



Wheat blending and the behavior ef Jdifferent blends in the mill were the
main considerations of Weber (32), He described systems of preparing whezati
blends frem cifferent kinds of wheats, Manitoba, Hard Red Winter, Soft Red
Winter, and Burcpean domestic wheats were used in the blend, Each of these
wheats had its particular optimun milling moisture with which the best results
could have bzecn achieved when milled scparately. Weber used three different
methods of preparation. In the first method used wheats were tempered
together to a milling moisture, which was 16.5 per cent when fed to the first
break, In this case the moisture of the individual components in the blend
were; 14,0, 17.2, 17.5, and 18,5 per cent of the Manitoba, Hard Red Winter,
Soft Red Winter, and the European wheats respectively, While milling, wheats
of softer character were reduced in the begimnning of the milling process, and
the harder ones in the tail end of the mill, This process was responsible for
the placement of good gluten characteristics, typical of the hard wheats used,
in the tail end products, and the placement of weak gluten characteristics and
baking qualities in the head streams, Using this method the endosperm could
not be separated sufficiently from the bran. In the second method, he used
the same wheats, but each was tempered separatély to a moisture content of
16.5 per cent, Then the wheats were blended and milled, Using this method
there was an improvement in the milling characteristics compared to those in
the first method., Mill streams were more balanced and their flours had better
characteristics, However the bran was not tough enough and broke during the
milling process, The third method Weber used involved the tempering of each
wheat to its optimum milling moisture: 18-19.5, 16,5-17.0, 16,0-17.0, and
15.0-15.5 per cent for Manitoba, Hard Red Winter, Soft Red Winter, and

European wheat respectively, Also in this case the wheats were blended and



milled, Here a sipgnificant improvement in mill balance, bran separation, and
flour of better quality was observed compared to the other two methods,

These results cannot be criticized by any practical miller who milled
such different kinds of wheat in one blend., However in the case of the tesis
performed in the present study, the aim was to find differences in systems of
blending, using similar Hard Red Winter wheats. In blending such Hard Red
Winter, it is believed that the spread in protein content of the components in
the blend should not be greater than l; per cent.

Swanson (30) used the Buhler experimental mill when he milled wheats tem-
pered to different moisture contents ranging from 12 to 28 per cent., In his
study flour yields ranged from 72,0 to 76,1 per cent and ash values from ,397
to .L30 per cent. At 16 per cent moisture the yield was 73.0 per cent anc ash
.397 per cent, Observing such results it can be said that milling wheats with
16 per cent moisture content on the Buhler experimental mill can give the
closest results to the optimmum,

Seibel and Zwingelberg (26) compared results from milling wheats on the

. Miag Multomat and Buhler experimsntal mill, They observed that altnough

extractions differed up to 15 per cent, the two mills had the same trend in;
extraction, ash, flour color, and coarseness of the produced flour., They

stated that with both mills they could show the same significant differences

L in the milling qualities of the wheats and the bzaking qualities of their
'flours, In all their experiments the wheats were tempered to 16 per cent

~.moisture for milling on both instruments.

The reason for the dependence of the milling process on wheat moisture
content was dealt with by Robbins (22), He stated that if the moisturc con-

tent of the tempered wheat is too low the bran will be brittle during the
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milling process, contaminate the flour and increase it's ash content. On the
other hand, moisture that is too high would reduce the bolting capacity of
sieves and cause irregularities in the flow, and good middlings would be
carried to the tail end of the mill,

The environment in the laboratory while grinding was controlled so it
was stable throughout the experiments. Bayfield et al, (L) described the
effects that relative humidity and temperature have on flour yields and
milling properties., Some of their observations were; flour yield decreases
with increasing temperature (about 1/2 per cent per degree °F rise), and the
effect is greater with increase in humidity, With higher temperatures flour
is coarser than with lower temperatures, With decrease in temperature and
increase in relative humidity flour moisture increases, Flour ash and pro-
tein were found to increase with decreasing temperature and relative humidity.

Some of the wheat characteristics were found to behave linearily with
final and intermediate products. Finney and Barmore (9) established that the
major factor accounting for variation in loaf volume within a variety was pro-
tein content. They found that the relation between these two factors was
essentially linear between the limits of 8 and 18 per cent protein. However
there is no indication as to how a wheat protein behaves when the wheat is in
a blend with other wheats, Several questions can be asked here; whether the
flour protein resulting from the wheat blend relates linearily to the original
wheats in the blend, and to what degree do the flour proteins resulting from
the different methods of blending relate linearily to bread volums?

Sherwood and Bailey (27) showed that there is a correlation between ash
contents of wheats and their flours, The question is raised whether there is

a linear relation between ash content of wheat blends and their flours,
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Ash content according to Shuey (28), and most milling standards still
existing, can be used as a scale for measuring milling performance. (22) (15)

Anderson (2) compared results achieved with the same mill blends from the
Buhler and from a commercial mill, In all cases ash was higher in the experi=-
mental mill flours but protein was higher in a few of them when compared to
the commercizl flours. Upon considering his conclusions it seems that 1t may
be possible to compare flours at a certain point on the accumulative protein
and ash curves from the experimental and commercial mill,

Mehrotra (15) developed a technique for calculating the value of the
different flour grades which can be derived from blending flour streams based
on stream analysis in various proportions., This is the Milling Value that was
used in the experiments,

Gilmore (10) discussed the need of blending flours from different wheat

blends, Because wheat varies in its characteristics, he believed that an

operation of flour blending is a necessity in a mill since it gives the miller
another check point before he delivers the flour, At this stage the miller
could make another adjustment to the specified requirements by blending in
flours, Gilmore also found that blending flours by weight gives a more exact
blend over the volume method in which certain ratios are used, He based his
statement on the fact that all flour evaluation tests were done with weighted
materials, and on the fact that the weight of flours coming from the mill
varied according to their grade,

Tt is believed as stated by Niernberger (20) that results achieved by
blending of flours, based on protein content, can be predicted very closely.
It is possible because the function of the dependent variable, the bread

score, behaves linearily if a small adjustment is made., In this case the
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independent variables in the model werc; wheat protein, flour protein, flour
ash, loaf volume, farinograph development time, and farinograph valorimeter.
Kuprits (12) recommends wheat blending, instead of flour blending, where
the miixing effect has increasing effect with increasing number of lots,
Factors that have to be taken into account at this stage are that milling
wheat separately in a commercizl mill invelves changing the operation from one
wheat to another and correspondingly, cleaning house, conditioning and mill
adjustment, In addition there are requirements for large storage capacities,
Processing a wheat blend on a mill reguires a fixed adjustment that is changed

only when wheat blends are drastically changed,



MATERTALS AND METHCDS

The samples of wheat used in this study were:

(a) For Part I; two Hard Winter Wheat varieties from a commercial miil
designated by N-1-1 znd N-1-6, with .1L.8 per cent and 11.3 per cent
protein respectively. The blends were designated with the codes
B-1-1 to B-1~10, B-1-1l to B-1~20, a.ndrB-l-21 to B~1-30 for the
ﬁhree systems of blending respectively.

(b) For Part II; two Herd Winter Wheat varieties, Bison and Parker,
from Agronomy Research Farm, Kansas’ State University, which were
stored for about twelve months in XK,S.U, Pilot Mill bins., They
were designated by the code; Iet Ll for Bison, and Tet LS for
Parker, Their protein contents were 12,7 and 14,3 per cent for
Bison and Parker respectively., The blends were designated with the
codes B=-2-1 to B~2-6, B-2-10 to B-2-15, and B-2-19 to B~2~25 for the
three systems of blending respectively,

The product of blending in Part I and Part II of the experiment are pre-

sented schematically in Plate I,

Part I differed from Part II basically by the fact that the wheats, and
wheat blends of the former were milled on the Buhler Experimental Mill and
those of the latter part were milled on the Miag Multomat Experimenta} Mill,

The following tests were performed on the original dry wheats, as well as
on the tempered wheats before they were milled separately or as blends; Test
Weight, Thousand Kernel Weight, Pearling Value, Wheat Size Test, Molsture,
Protein and Lsh, They are discussed in the order they appear in Tables 11 to
13, and 17. |
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Test Weights Determinations were made with a quart kettle using a bean
scale according to the standard method outlined by the U,S5.D.4A. (31). Results
are expressed by weight in 1lbs, per Winchester Bushel.

One Thousand Kernel Weight; Weight was determined with an electric seed

counter using L0 grams of whole wheat kernels, From the number of kernels in
L0 grams the weight of 1000 kernels was determined,

Wheat Potential Yield was outlined by Shuey (29). Two~hundred grams of

the sample were sieved on a Ro-Tap shaker using the following Tyler Standard
sieves; a 7 mesh wire, a § mesh wire, and a 12 mesh wire, The sample was then
shaken for 3 minutes., The overs were recorded as percentage of the total
weight of the sample and were gssigned the factors 78, 73 and 67 for the overs

of TW, 9W and 12W respectively. The sum of the products according to Shuey

(29) gives the potential yield of the flour from the wheat,

The Pearling Test was outlined by McCluggage (13). In this test a 20

gram sample of hand picked whole wheat kernels was pearled in a Strong-Scott
barley pearler for 60 seconds (the broken kernels were picked out). The
pearled grain was sifted by hand on a 20 wire Tyler Standard sieve to remove
all the dust and breakage. The pearling value was the remaining pearledjker-
nels expressed as per cent of the original weight,

In Part I of the experiment, the dry wheats were cleaned on a Carter
Dockage Tester, Ten blends were made according o percentages listed in Table
1, These were determined by the model developed by Niernberger (20),

After blending for 15 minutes the wheats were tempered to 16 per cent
moisture, and left standing for 18 hours, Other 10 blends with the same rela-

tionships between N-1-1 and N-1-6 wheats were made from quantities of these
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wheats aftcr water was added to them to raise their moisture content to 16 per
cent and tempered for 18 hours., The two original lots from which the flour

blends were made were also tempered for 18 hours to 16 per cent moisture,

Table 1, The percentages of lots contained in blends milled on the Buhler,

il e - i —-r
o —-

Protein & N-1-6 N-1-1

1% m.b. 4 %
9.53 , 100,0 -
9.75 9.0 6.0
10,00 87.2 12.8
10.25 80.4 19,6
10,50 73.6 26,4
10.75 66,8 33.2
11,00 60,0 L0.0
11.25 53.1 L6.9
11.50 46.3 53.7
11.75 39.5 60.5
12,00 32,7 67.3

These wheat lots and blends were milled on the Buhler ILaboratory experi-
mental M1l (Plate I), of pneumatic type. The flow (Fig. 2) consisted of
three brakes and three reduction rolls, These rolls were unchanged for the
whole experiment., The rolls were set in a decreasing distance from ,013" to
.003" in thé breaks and ,001" to ,000+" in the reductions. The rolls had a
differential of 2:1 with the fast roll running at 540 rpm, The break rolls
had the following corrugations:

First break 18 corrugations per inch

Second break 22 corrugations per inch

Third break 26 corrugations per inch

Six flours were collected from each run as well as bran and shorts,

Flour streams, shorts and bran were weighed and per cent flour yield was cal-

culated on the total product basis, Each stream was analyzed for moisture,
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EXPTAMATION (F PIATE I
Photograph showing the Buhler experimental mill used for milling of wheat

samples,
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protein and ash, Thesec samples were taken from a 1/3 of each stream by
weight, The rest of the 1/3 was discharged, to keep the origiral ratio among
the streams in the straight grade flour, The straight grade flour was

achieved by blending 2/3 of each stream in a Sterwin 71_3}ende_1:_mi_'_og‘f_V}AS__I_n_:L'ﬁnutes.

Part IT of the experiment was carried out with two hard winter wheat
varieties, Bison'and Parker of 12,7 and 1,3 per cent protein respectively,
The two wheat varieties were cleaned on the Kansas State University Pilot Mill
Cleaning House (Tig, 3). The vheat cleaning flow consisted of a permanent
magnet, pnewnztic lift aspirator, milling separator, dry stone separator,
gravity table, disc separators (oat and cockle), Entoleter scourer-aspirator
and a duo-aspirator. The grains were conveyed with a screw conveyor, a
bucket elevator and pneumatic lifts, Then the wheats were scoured on a
Forster Scourer.

They were combined into blends with two ratios; the first consisted of 25
per cent Bison and 75 per cent Parker, and the second of 50 per cent Bison and
75 per cent Parker, In this case, as in the blendsrmilled on the Buhler, the
scheme of three types of blending was i‘ollowegi (Fig. 1). Three replicates
were made for each ratio and type of blending, Totally there were 12 blends
to be milled besides two wheat lots, Each sample was of three bushels.

Miag Multomat Experimental Mill

These samples were milled on the Miag Multomat Laboratory Mill, Equipped
with a pneumatic convéying system and a BIF (Omega) gravimetric feeding appa-
ratus, the mill was fed about 42,9 kg/hr or 94.6 1b/hr, The flow (Fig. L and
Plate II) consisted of three breaks, five reduction passages, and two grading

sectionsy one receiving overs of flour cloth from the first and second breaks,
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and the other the overs of the first mids floﬁr sieves. The break rolls had a
differential speed of 2:1, where the fast roll operated at 325 rpm, Corruga-
tions are shown in the nills flow sheet.

Products from the mill were; ten flour streams, one bran, two shortis
classified as break shorts and reduction shorts, and a red deg (a mill feed)
at the tail end,

In the beginning of each milling day a mill warm up was made for 20 min,

The milling procedure was as follows; _

The feeder was adjusted to the desired quantity of 42,9 kg/hr for each
respective sample, The wheat was then fed to the mill and the brea#s were
adjusted to the following break releases; L0, 50 and 60 per cent through a 20
wire for the first; second and third break respectively, The setting of the
reduction rolls was not changed throughout the experiments, After adjustment
the entire mill was stopped. ILeaving the machine under full load, all Prod-
ucts were emptied from the collecting boxes, The mill was started again in
reverse sequence, When a sample of wheat finishe@ passing through the feeding
hopper the mill was stopped again under full load,

Operating the laboratory experimental mill in this way; it was believed
that it would prevent variations in the milling effect on the intermediate
products and by that prevént error in uniformity of products. Another error
that can be prevented by this procedure is the variation in the total products
from the mill, Such an error can be caused by unequal cleaning out of the
mill after each sample, Because of the possibility of easy adjustment of
breaks the usage of the Multomat in this part of the experiment, eliminated
other variablcs in the experimental milling of the blends, Some of the

changes were in the rollts temperature during milling, and in the size of the
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EXPLANATION CF PIATE IT
Photograph showing the Miag Miltomat experimental mill used for milling of

vheat samples,
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wheat, Also, larger numbers of end products (leaving the mill) produced by
the mill brought the experimental milling procedures closer to commercial
milling,

A1l ten flour streams and the four feed streams were weighed separately
to calculate the percentage of the streams and the total flour yield, A 25 to
30 gram sarple from each flour stream was taken and analyzed for protein,
moisture and ash, and reported on 1, per cent moisture, The straight grade
flour from each sample milled was made by blending all the individual flour
streams in a Wenger batch blender,

Moisture, protein and ash of wheats as well as that of their milled prod-
ucts were determined by the procedures outlined in the American Association of
Cereal Chemists "Cereal Laboratory Methods" (1).

Cumilative Ash and Protein: When rate of flow, percentage of ash and

moisture are known for each flour stream, valuable calculations are possible,
Ash percentages arve converted to ash sample would contain if moistened or
dried to 1.0 per cent moisture, The individual flour streams are arranged
according to ash content; with lowest ash flour first, Starting with the two
lowest ash streams, a series of calculations are made to determine ash content
from blending two streams, Then ash of é new blend, consisting of the two
flours plus the quantity of a third flour higher in ash content_is calculated,
Tn a similar manrer data for cumulative protein were calculated. The cumula-
'bive ash curve showed the ash distribution characteristics of the milling
process, Minimum area under the curve, and a rather flat curve.,_ up to TO-75
per cent extraction, will show close to optimal milling process. Usually a

curve that rises rapidly means that the tail end of the mill is overloaded.

This method is outlined by Farrell and Ward (8) and by Wissmar (33).
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Milling Valve: Flour strcams from a mill can be blended in various pro=

portions to producc different grades of flour. (15) The cuwmlative ash and
per cent of pai;ent; first clear and second clear flours can be calculated by
use of stream analysis, After assigning monetary values of 5.00, L.20, 3.70
and 1.70 dollars to patent, first clear, second clear and feed, respectively,
the produced percentage of each product vas multiplied by its price, The
summation of these products gave the IMilling Value,

The following tests were determined on the straight grade flours. The
tests are discussed in the order they are reported in Tables 1l to 16, 18 and

19,

//' Gluten quality characteristics of the flours was determined by a sedimen-

tation method named "FY" (7), patented by Jepan Bread Science Association. It
is based on the fact that wheat gluten is known to exhibit a strong water
absorption, particularly when mixed with a diluted acid, which decreases its
specific gravity. A wheat gluten of better baking quality exhiblts greater
water absorption, therefore its rate of sedimentation tends to decrease. The
rate of sedimentation is measured by reading the height of the sediment in a
graduate cylinder after certain time intervals. The "FY" values derived in a
study, of Hard Winter Wheat, conducted by the Japancse Institute of Baking (11)
were Tound to be closely interrelated with bread score. These vaiues were
higher than the cases representing correlation of Zeleny Sedimentation with
bread score,

To perform the rheological tests on the flours the Farinograph and

Extensograph were used, The following determinations were made from the

Farinograph curves, according to AACC Methods (1) 5h-21,
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Absorption; This is the percentage of water required to center the curve
on the 500 Brabender Unit (BU) line at the maximm consistency of the dough.

frrival Time; This is the time required for the curve to reach theVSOO

BU line from the begimning of the curve, It gives the rate of hydration,
Peak Time; This is the time required for the curve to reach its full
development or maximum consistency., Long peak times are usually associated
with strong wheats,
Stability (or Tolerance); This is the time that the curve remains on the

500 BU line and is measured from the arrival time to the departure time,

Longer tolerance would indicate that the flour can stand more abuse or mixing

and longer fermentation,

Mechanical Tolerance Index (MPI); This is an indication of how fast a

flour will break down after it has reached its full development time and is
measured in BU from the height of the cﬁrve at its peak to the height of the
curve five minutes after the peak,

Valorimeter; This is the term commonly used in reporting a farinogram,
Tt is a2 nueerical value based on a logarithmic function of the peak time in
relation to the breakdown of the dough 12 minutes after peak time, The
valorimeter reading is easily determined by placing a logarithmix;, template
over the farinograph curve and noting where the lines intersect, Higher
figures indicate a stronger flour and the lower figures indicate a weaker
flour,

Test procedures with the extensograph were made by preparing three doughs
which were rested for different time lengths before they were stretched,
These procedures differ from the AACC method (1) 54-10, which stretches the

same dough after it is allowed to rest for a desired period,
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In the tests performed with the flours milled on the Buhler experinental
mill the doughs were stretched after 15, 30 and L5 minutes of rest.
The following determinations were made from the extensograph curves;

Iength of Bxtensogramy This measurement in centimeters indicates the

extensibility of the dough and is measured from the start either to the maxi-
mn Force (E1), or to complete rupture (E2).

Height of Txtensogram (F)s; This measurement in BU indicates the maxirum

resistence of the dough and force applied to overcome it,

2
Area Under Extensogram (A); This measurement in cm , taken with a plani-

meter, gives the total area under the extensogram,
A1l the above measurements were taken for each of the curves; these
values, as well as numbers found by formulas; were correlated to bread score.
The loaves were baked from the flours according to the method develoeped
by the Department of Grain Science and Industry., Scoring of the breads; too,
followed the procedure described in detail by Niernberger (20). Loaf volumes
were determined by the seed displacement method; with the volume expressed in

cubic centimeters (21).
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RESULTS AND DISCUSSICH

The experimental results of the wheat blends and flours are shown in
Tables 11 through 19.

From the analysis of the flour streams of each sample milled on the Miag
Maltomat, cumilative ash and protein curves were drawn in order of increasing
ash, Six curves of each ratio were drawn together in Figures & and 7. Three
replicates in each of these figures differ from threc other replicates in the
procedure of wheat blending and tempering before milling, Figure 5 shows the
protein and ash cumulative curves of flour from the original wheats. It is
clear that the resulting ash curves from the blends prepared from wheat lots
before they were tempered were generally more flat and the area under them was
smaller than in the curves of blends from lots after they were tempered., In
the case of cumulative protein curves; they were higher for the blends which
were made before tempering, then for the blends made after the lots were
terpered,

Calculations of the Milling Value according to Mehrotra (15) showed the
same total average of $4.10 for the two systems of wheat blending and tem-
pering before milling, That which accounts for the equality of the Milling
Value of the two systems is the fact that in the system in which wheats were
blended after being tempered, the yield was higher, and that in the system
according to which lots were blended then tempered; ash values were generally
lower and patent flour was obtained in larger amounts,

Upon cxamining ther baked products from the first part of the experiment,
where wheats were milled on the Buhler experimental mill (Plates III, IV‘, V)
it was observed that the grain of the breads i‘rom blends where wheats were

first blended then tempered were more uniform., A comparison among baked
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EXPIANATION OF PIATE IIT

Photograph showing breads from blends B-1-1 to B-1-10 where lots were blended

before terpering,
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EXPIANATION CF PLATE IV

Photograph showing breads fron blends B=1~11 to B-1~20 where lots were tem-

pered before blending.
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EXPLANATION CF PLATE V

Photograph showing breads from blends B-1-21 to B=1-30 where lots were milled

separately on the Buhler, then blended,
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EXPTANATION & PLATE VI
Photograph Shmﬁ.ng breads from blends milled on the Multomat in which the
ratio of the lots was;
75 per cent Bison

25 per cent ?arker
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EXPIANATICH OF PLATE VII
Photograph showing breads from blends milled on the Multomat in which the
ratio of the lots was;
50 per cent Bison

50 per cent Parker
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loaves in the second part of the experiment (Plates VI, VII) showed that the
appearance of the loaves produced from the system where wheats were blended

then tempered was at least as good as that of the other two syslems,

Statistical analyses
All the collected data from the tests performed on wheats, wheat blends
and resulted flours, were statistically analyzed to determine whether there
were any linear significant relationships between wheat tests and flour yleld,
and between flour tests and bread score, A two-way analysis of variance was
performed to determine whether significant differences existed among the

results from the systems of blending,

Table 2. Coefficients of linear correlation between wheat tests and flour
yield from Buhler millings,

Wheat tests Correlation coefficients

Dry blends; (B-1-1 to B-1-10) '

Test weight -0, 3155

1000 Kernel weight 0.24h0}L

Pearling value 0.2789

Potential yield 0.221L
Tempered blends; (B-1-1 to B-1-20)

Test weight -0, 3085

1000 Kernel weight 0,595k

Pearling value -0, 8L126%¢:

Potential yield -0, 1,635%

Wheat protein _ 0.9601:=%

% Significant at the 0,05 level
% Significant at the 0,01 lewel



Tsble 3, Coefficients of linear correlation between flour tests and bread
score from millings on Buhler experimental mill,

Flour test Correlations of Correlations of the
total observations blending systems
B.B.T, -0, 3626
Farinograph stability -0, 2137 T.B.B, ~0,1619
B. Flours 0.4162
B.B.T, 0.1271
Farinograph ¥M'T 0,2822 T.B.B, 0.4403
B, Flours 0.30h8
B.B.T. 0,658
Farinograph peak time 0.,60053%:¢ T.B.B. 0.6629:¢
B, Flours 0,7315%
B,B,T. 0, 7301
Farinograph absorption 0. 7316%% T.B.B. 0.7525%
B, Flours 0._8211;—:5-%
B.B.T. 0,8700¢
FY 0, 7953%% T.B.B. 0.7200%
B, Flours 0.5200
B.B,T. 0,930
Flour protein 0.8357%¢ T.B.B. 0.8327s%
B, Flours 0,960L¢

30 observations 10 observations
% Significant at 0,05 level .
#% Significant at 0,01 level
B,B.T,~Blending before tempering
T,.B,B.~Tempering before blending
B. Flours-Blending of lots flours

Fimney and Barmore (9) found a relationship between flour protein of a
wheat variety and its bread volume., This study investigated whether the rela-
tionship between flour protein and bread volume would hold for flours produced
from the three systems of blending. (Table L)

For the samples milled on the Buhler it was found that the highest

correlation coefficient existed between flour protein and bread volume when
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flours were blended, When the lots were first blended and then tempered, the

correlation was lower,

Table 4. Correlation coefficients between flour protein and bread volume,

Blending Before Tempering Berore Blending of
Terpering Blending Flours
Buhler millings 0, 7650+ 0,5826 0,9080:¢
(10 obs. each)
Multomat millings ~0,6769 -0, 417L ~0,098L

% Significant at 0,05 level
s+ Significant at 0,01 level
No significant correlation coefficients were found between bread volume
and flour proteins from blends milled on the Multomat experimental mill, The
higher significant results with the Buhler experimental mill can be attributed
to the mathematical model develbped by Niernberger (20) with which the blends

were calculated,

Extensograph studies

Munz and Brabender (18) described the importance of the extensograph as
being an instrument capable of measuring changes in dqugh with time, and as a
function of mixing, fermentation, and other treatment, Various approéches
were found for the evaluation of the extepsogram. Basically; all of them
used the variables expressed by the curve, Mnz et al, (18) distinguished
doughs! response to treatment by the area and shape (F/E ratio) of the
extensogranm,

Merritt and Bailey (16) in 1945 when studying the effect of oxidizing

Al)(E
treatment on the extensograph curves used the expression £"%£'l} where Al is
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Table 5, Correlation coefficients between extensograph values and bread score
obtained from flours milled on the Buhler experimental mill (n=30)

Blending Defore Tenﬁé?&hg Before Blending of

Tempering Blending Flours
15 minute curves;
Resistance (F) 0.£933 0.4981 0.7499
Extensibility (E1). 0.8255 0.8231 0,8123
Extensibility (E2) 0.6500 0.8426 0,7099
iért;? (2) 0.7733 0.8038 0.7828
A) (E1) 0.6252 0.82l 0.626
QION > il 4
Si%%’ﬁ x 10 0.6069 0.8335 0.6766
30 minute curvess
Resistance (F) 0.7319 0.6198 0,7928
Extensibility (E1) 0.8075 0.8278 0.9502
Extensibility (E2) 0.8905 0.8329 0.9560
irea  (A) 0.8862 0.7867 0.9207
Sl 0.825L 08550 0.9565
@%ﬁ x 10 0.9061 0.8182 0.9L01
15 minute curves;
Resistance (F) 0.7h80 0.5358 0.7721
Extensibility (EL) 0.7658 0.7h52 0.8311
Extensibility (E2) 0.8323 0.7123 0.8588
l(srezé. §A) 0.7909 0.6L72 0.8338
A)(E1

52 : :

W) 10 0.8169 0.7050 0.836L

Correlation coefficient r>0,361 is required for ,05 lewvel of significance,
Correlation coefficient r>0,463 is required for .01l level of significance.

F = maxirmum resistance of the dough
El= extensibility to maximum force
E2=- extensibility to complete rupture
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the area under the curve up to the point of maxirmum force., They observed that
the resulting value from the expression generally decreased with time and with
increased severity of oxidizing treatment, The wvalues increased with the
increase in reducing treatments, To overcome lack of correlation between
LA-:-L)-F(-‘-T-Q- and bread score, Merritt et al, brought up the protein content, P

(15 per cent moisture basis) into the expression and values were computed
(0,1)(P) (F)
A »

from T which they called the "age index",

Minz et al, (19) combined the extensograph values into an expression
(i)é}-;l x 10 which they called "Oxynuither". This value gave high correlation
with bread score (Table 5) espegially in the data collected from the cw@s
made at 30 minutes resting tinme.

In general higher correlations were found between the extensogram
evaluation data and bread score with the extensograph curves of the doughs
allowed to rest 30 minutes, |

A two way analysis of varience of the data collected from the extenso-

graph curves shoved significant differences only in those collected from the

30 minute curves (Table 8), In this case significantly higher resistance and
larger area were found in doughs rested for 30 minutes where blending of
flours was the highest, followed by the systems of blending wheats after they

were tempered and before they were tempered respectively,

Two way analysis of varilance
The two way analysis of variance of results from the wheat tesis perforned
on the blends before they were milled showed significant differences between

the two systens of wheat blending (Tables 6, 7).
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Table 6, Two way analysis of variance of blends composed from N-1-1 and
N-1-6, Buhler millings (n=20).

Wheat Test Blending Belore Tempering Bei ore
. Tempering Blending
Test weight (1b./bu, Y 56.10 58,517
Vheat protein (Ui M.B.)x 12.01° 12,15
Wheat ash (%) (14% M.B.) 1,58 1,5k
1000 Kernel weight (gm. ) 31._30a 30.83
Pearling velue (%) 71.30 71,43
Potential yield (%) 75.98 75.90
Flour yield (Z)% - 68.09 69.,02%

a - significantly higher
% ISD at 5% lewvel
%% 1SD at 1% lewvel

Table 7. Two way analysis of veriance of blends composed from Bison and
Parker, Miltomat millings (n=12),

Wheat Test Blending Before Tempering belore
Tempering Blending
Test weight (1b./bu, )¢ o 56.32 58f18a
Wheat protein (%) (14% M.B.) 13.02 13.00
1000 Kernel weight (gm.) 29,2l 29.36
Flowr yield (%) 13.51 73.62

a = significantly higher
% 18D at 5% level
st 1SD at 1E lewvel
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This was the stage in which the blends could be compared under the same
conditions, The samples milled on the Buhler experimental mill had signifi-
cantly higher values for wheat protein averages and 1000 kernel weight averages,
when the blends were prepared before tempering. WNo significant differences
were found between the systems of blending when they were milled on the
Multomat experimenmtal mill, The different values of the wheat protein will be
discussed further on when considering the average protein loss resulting from
milling on the Buhler experimental mill. (Fig. 8).

Since wheats were blended by weight, the significant differences in test
weight suggests that during the time that a prepared blend was tempered there
were certain ratios in which the water was divided among the lots. These
ratios depend on factors such ss; initial moisture of the wheat, kernel size,
structure, and protein (3). When the wheats were tempered separately the
water was absorbed evenly throughoutlthe lot. Blending the lots caused an
increase in test weight of the blend, Flour yleld was sigpificantly higher in
the Buhler millings when the lots were tempered separately,

A two way analysis of variance was performed on resultg from flour tests,
The flours were produced from the three systems of blending.

In the blends milled on the Buhler experimental mill (Table 8) using the
system where wheats were blended then tempered, significantly higher values
were found for flour protein, farinograph peak time and farinograph valori=-
meter. Bread score showed significantly higher values with the system in
which flours were blended, In the Multomat millings (Table 9) also signifi-
cantly higher valucs of flour protein content and bread score were found

using the system of blending wheats before terpering,



Table 8, Two way analysis of variance on results from tests performed en
flours milled on the Buhler {(n=30).

Flour Test Blending Before Tempering Before Blending of
Tempering Blending Flours
Flour protein (%) (1LZ M.B, ) 11.09° 10.95b | 10.99b
Flour ash (%) (1% M.B.) 0.L18 0.L2l 0.L22
Far, absorption (%) 61,10 61,22 61,38
Far, peak time (min, )% 6,75 6.20 5.9hb
Far., stability (min.) 12,30 10.70 12.65
Far, M'I (BU) 30.50 29.50 32,50
Far. valorimeter::t 69?80a 66f60b 6?.00b
FY (ml.) 45,75 Lh.57 L6.13
Extenso. 30 min, (BU) (F)x 522,140 552.50b 57.L0°
Extenso, 30 min. (cm?)(A)*% 116,60b 125.68ab 132,13a
Bread scoreit 68.80b es.oob 72.15°

a =~ significantly highest
_ % LSD at 5% lewel
¢ 1LSD at 1% level
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Table 9. Two way analysis of variance on results from tests performed on
flours milled on the Maltomat (n=18).

Flour Test = Blending Befogg_'Témperlng BeTore Blending of

Tempering Blending Flours
Flour protein () (14 M.B, ) 11,73% 11.68° 11.95%
Far. peak time (min,) 6.92 6.83 5.92
Far. valorimeter 69.50 68.67 65.67
FY (ml,) 45,67 16,83 46,67
Bread scorew 78.00° .25 70.28"

a = significantly higher

3% LSD at 5% lewvel
% LSD at 1% lewvel
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Regression analysis

For a stepwise miltiple regression model the following independent
variables were taken; Test weight., vheat protein; pearling velue, 1000 kernel
'ereight; overs of 7 wire, overs of 9 wire, and overs of 12 wire, The dependent
variable was flour yield, All these tests were performed on the tempered
wheat before it was milled on the Buhler ezperimental mill, R-Square for the
regression equation was found to be 0.9671 (20 observations)._ The most sig-
nificant independent variable in the model was wheat protein,

A regression analysis performed on flour milled on the Buhler experi-
mental mill included included the following independent variables; Flour pro-
tein, bread volume, farinograph stability, farinograph absorption, farinograph
peak time, M.T.I., "FY" sedimentation, ash content, and amylograph value, The
dependent variable of this regression equation based on flour tests, was bread
score, R-Square for that regression equation was found to be 0.898L (30
observations),

Regression analysis, with the results from dry whegt tests, of wheat
blends before they were tempered showed a R-Square of 0,9326 (10 observa-
tions), In this case the independent variables were; Test weight; pearling
value, 1000 kermel weight, overs of 7 wire, overs of 9 wire; overs of 12 wire,
and the potential yield., The dependent variable was flour yield,

A regression analysis using results from wheat tests and flour tests as
independent variables, and bread score as a dependent varisble showed a
R-Square of 0,8003 (20 observations), The independent variables were; Test
weight of tempered whegt, VEYY sedimentatipn, farinograph peak time, farino-
graph stability, M. T,I., and flour protein, Flour protein was the most sig=

nificant independent variable,



53

Regression analysis on the data collected in the second part of the
experiment when milling on the Moltomat showed the following results; Taking
flour yield as the dependent variable and test weight, pearling value, 1000
kernel weight, wheat protein, overs of 7 wire, overs of 9 wire, and overs of
12 wire as the independent ones, R=Square was 0,7723.

In further analysis bread score was taken as the dependent variable, The
independent variables were; flour protein., flour ash, farinograph absorption,
farinograph peak time; farinograph stability, farinograph valorimeter, M.T,L.,
and "FI" sedimentation, R-Square found for this model was 0.LL73.

The reason for the ability to make a better prediction with the Buhler
models for which higher R-Squares were found, may lie in the fact that in the
Multomat there are excessive reduction of the fourth and fifth midds stock
which cause an undefined sharp cut point in the milling process;, since the

reductions cannot be evenly loaded under the experimental conditions,

Protein loss in milling

The average difference between a wheat protein and the resu:!.ted flour
protein when milled on a Buhler experimental mill was determined, These
average protein losses during milling were obtained for fhe particular Buhler
experimental mill at Kansas State Milling 1a1?oratory which is in a room with
stabilized temperature and relative humidity. These averages can be determined
for each experimental or commercial mill with enough samples at hand,

Data of 1638 Hard Red Winter samples from Kansas Plot Tests (Environ-
mental Series) milled on the Buhler experimental mill from 1958 through 1968
were evaluated, Only 835 samples of 57.0 1lb/bu Test Weight and sbove were

taken into consideration, The difference between wheat and flour proteins
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corrected to 1l per cent moisture basls were added and averaged for each wheat
protein (Fig. 8).

Generally it can be said that as wheat protein increases in the sample,
"protein loss" resulting from milling on the Buhler will also increase.

VWhen comparing the expected to the resulting average proteins of flour
produced in each system of blending (Table 10) it was observed that the devia-
tions, or errors between the values were in the magnitude of 1.6 per cent,

The results from the protein recovery analysis imply that the significant
differences in flour protein between the systems used were not caused by the

milling process on the Buhler experimental mill,
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Table 10. Average protein recoveries from the Buhler and Multomat millings.
Blending Before Tempering Before Blending of
Tempering Blending Flours
(%) (%) (%)
(wheat prot,-12,41) (wheat prot,~12,15)
Average protein (expect. loss=1,13) (expect, loss=1,12)
Buhler (exp. prot.=-11.28) (exp. prot.-11.03)
14% M.B. '
11,10% 10,95% 10.99%
{10 obs.) (10 obs,) (10 obs,)
Average protein
Multomat
147 M.B, 12,08% 11.85% 11,9L%
IS ES.’ obs, 15 055.5

The reason for the differences is in the method of preparing the wheats for the

milling process since this was the only stage where the handling of the blends

differed.
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SUMMARY AND CONCLUSICNS

It was the purpose of this investigation to study the effect of three
systems of blending wheat lots under experimental conditions, The systens
were; Dblending wheats before they were tempered, blending wheats after they
were tempered and blending of flours. The wheats were termpered to the milling
moisture of the experimental mills which was 16.0 per cent.

The series of experiments were perforrmed, one using the Buhler experi-
mental mill and the other using the Miag Multomat experimental mill, In each
series two different varietles of Hard Red Winter wheats were used to make up
the blends,

Drawing conclusions from the observations and statistical analysis it was
established that blending of flours from the wheat lots gave the best results
in most cases. These results may have been obtained because the blended
flours were milled separately. Using this procedure it is possible to derive
the best flour characteristics from a wheat lot, When taking into considera-
tion wheat tests, flour tests and monetary evaluation of the flours, it was
found that blending lots before they were tempered would give better or at
least as good results as tempering them separately and then blending,

Flour protein content was one of the variables that showed significant
difference among the systems of blending., Analysis of the protein loss during
milling, from the samples milled on the Buhler experimental mi11; showed that
the difference in protein was not dependent on the milling process, but on the
system in which the blends were prepared,

At this stage, considering the requirements for extra power, bins and
needs of adjustments of equipment in using the systems of blending of wheats

after they were tempered, and especially in blending of flours to meet
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specifications, it can be concluded that under the conditions under which the
experiments were performed blending of wheats before they were tempered was

found to be the most preferable system,
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SUGGESTICHS F(R FUTURE WRK

Possibilities for future work may include the continuation of the

research with emphasis on the following:

1) Comparison of the results obtained in the present study with results
that might be obtained using the threc systems of blending on a commer=-
cial scale mill,

2) Under the experimental condition there was no place for the
tempering of wheats to their optimal milling moisture. In a test on a
commercial mill, this method of tempering should be taken into con-
sideration,

3) In the field of flour testing, in order to construct a mathematical
model, there is still a need for an objective evaluation and recording
of the stages of dough férmentation and of the baking process. The
Maturograph which indicates the optimum fermentation power, and the
Oven-Rise Recorder which indicates the volume of the resulting bread
while it is being baked under standardized conditions, are two instru-
ments that may be used for that purpose, (Description of the instru-

ments is in the Appendix,)
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Maturograph and Oven-Rise Recorder

The two instruments, the Maturograph and Oven-Rise Recorder, record the
behavior of the dough in the fermentation and baking process under standardized
conditions. These values could be combined in a model of wheat milling and
read baking, and;-in the future; could be used as feed-back in a computerized
operation,

The instruments are deficient in that they do not give an indication of
the internal and external cIr_Lara.cteristics of the baked product such as crumb
color, grain or crust color,

The Maturograph indicates the optimua fermentation power, The curve
shows the development time of the dough to its optimunm, stability at the
optizm and any changes in dough characteristics during the fermentation
tine.

The Oven-Rise Recorder :hus’crwnent_shm:s the volume of resulting bread
while baked in standardized conditions, It indicates on its curve changes in
volume which can be traced back to the mi'iling of the wheat.

For the Maturograph flours are mixed in a Farinograph with 2.5 per cent
yeast, 2 per cent salt and water to raise the curve to 1,50 B.U.

The Oven-Rise Recorder operates in such a manner that a 50 gr, dough is
kept at BOOG in a basket until the Maturograph curve reaches its maximumn,

The basket is then put into an oil bath of 30°C, in which the temperature is
raised in regulated intervals to 10000. Determinations are made on volume
rise after; (1) End of fermentation

(2) After 10 min, in oil bath

(3) After 20 min, in oil bath,
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Final calculations of expected bread volume are made taking into account

water absorption and grams of flour to be used in the actual baking process.
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Teble 11, Data of coriginal wheat lots N-1-1 and N-1-6 used for Part I in the

experiment,

Test 1000  Fob. Poar, Wheat Wheat '] 1000 Pot, Pear, Flour
Code Weight Kr.Wt, Yield Val. Prot.% Asht lb/bu Kr,Wt. Yield Val. Yield

1b/bu’  gm. 4 A Fame T W gm, R daos G g
N-1-1 62.3 29,04 7h.10 65.25 148 1.59 55.5 32.79 76,02 68.60 66.9L
N-1-6 62.6 28.7h 75.3Lh 72.20 11,3 1.69 56.7 32,21 76,04 72,20 69.11

Flour Flour FY Far., TFar, Far.Stab. Far, Bread Bread

Prot. Ash mlL, Abs, Peak Time Far, val, Vogﬁme Score

o 73z 9 min min, MI'T-BU o
Nel-1 13.05 0.1 52.0 64,0 9.0 9,0 20 7h 2662.5 7.0

# 14% Moisture Basis

s Tempered Wheat Before Milling



Table 12, Wheat tests of blends milled on Buhler B-1~1 to B-1-10,

Blend T.W 1000 Pot, Pear, Wheat Wheat T.W 1000 Pot, Pear, Flour

B/ i, TGl Vel Bobk o A e g B %
B-1-1 62,7 29.52 75.50 T7L.65 11.2 1.60 57.2 30.91 76,02 72,30 69,08
B1-2 62.7 30,4 75.52 70.45 11.3 1.60 56.7 30.h9 76.00 72.75 67.L0
B-1-3 62.9 29.13 75.24 70.35 11.8 1.59 56.6 31.L5 76.07 72.85 €8.21
B-1-4 62,6 28,99 75.26 71.85 12,0 1,59 56,3 31.20 76.0L 72,00 68.48
B1-5 62,7 29.2L 75,32 70.55 12.1 1.8 56,6 31.L5 76.10 70.00. 60.88
B1-6 63.0 29.85 75.36 69.35 12,8 1.59 56.2 31.52 75,78 70.95 68.33
R-1-7 63.0 28.47 75.22 69.70 13.0 1.59 56.2 30.63 75.77 71.35 66.05
B-1-8 62,6 29.05 75.26 69.35 13.3 1,60 56,0 32.26 75,82 70.90 68.32
B-1-9 62.6 29,01 75.2h 67.95 13.1 1.59 56,1 31.5L 75.87 69.60 68.29
B-1-10 62.3 28,99 75.0h 67.h0 13,5 1,59 56,1 31,60 76,07 70.10 67.89

% 14% Moisture Basis
## Tempcred Wheat Before Milling



Table 13, Wheat tests of blends milled on Buhler B-1-11 to B-1-20.

70

g

w2

o

Bem——

Test

s———

1000 Pot, Pear,  Wheat Wheat  Flour

Blend Weight  K.Wt,  Yield  Val, Prot.,  Ash Yield
1b/bu __gm. % % Vi & %

B-1-11 58.L 30.Lo 75.87 72.50 11,3 1.h9 70.01
B-1-12 58.5  30.65  75.92  72.k5 1.3 LU 69.32
B-1-13 58.7 30.82 76.00 T1.95 1.7 1.58 69.17
B-1-1L 58.8 30.35 75.88 7L.50  1L.7 1.L8 69.26
B-1-15 59,2 30.51 76,02 72,18 11.6 1,65  69.8L
B116  $8.8 3021 75.66  TL25 122 Ll 69.56
B-1-17 58.7 30,67 75,92 71.L5 12,3 1,58 69.1h
B~1-18 57.6  31.67  75.87 70,55 12,7 LS8 69.17
B-1-19 58.2 3103 7594  7L25 133 L.59  66.55
B-1-20 58,2 32,00  75.92  69.25  13.L 1.8 68,1

3 1% Moisture Basis

A1l values on tempered wheat before milling.



Table 1L, Results from tests performed on flours from wheat blends B-1l-1 to

B"l"lOo

71

i

eqmmcr

Se———

Far.

Flowr Flour FY  Far. ppy, Far. Far, Far. DBread Bread

Blend Prot. Ash ml, Abs. Time Stab, MIT Valor, Volupe Score
e %t Z min, min, BU ¢

B-1-1 10,0 .h3 bLh.8 61,0 2,5 12,5 30 58 2212,5 65.0
B~1-2 10,2 .hk2 k6.0 60k 2.0 13,5 20 60 22250 61.0
B~1-3 10.b .2 W70 6LL 1.5 13.0 25 60 2200.0 66.0
B-1-l 10,8 b0 L6,5  60.2 9.b 13.5 35 74 2350,0 6B.0
B-1-5 11,0 .42 9,7 60.8 8.5 155 30 76 2287.5 66.5
B-1-6 1.1 k2 b9,5 61,0 9.5 10,0 LO 76 2200.0 65.5
B-1~7 1.5 .1 52,0 614 8.5 1,0 30 Th 2300.0 70.5
B-1-8 1.7 .2 50,0 61.6 8.5 12,0 L5 74 2375.0 73.5
B~1-9 2.0 k2 51,0 61,8 9,0 8,0 30 74 2300.0 73.0
B-1-10  12.3 .2 540 61.8 85 11,0 20 72 2462.5 77.0

3 119 Moisture Basis



Table 15, Results from tests performed on flours from blends B-l-1l to

72

B-1~20,
Far,

Flour Flour FY Far. Peak Far, Far, Far. Bread Bread

Blend Prot, Ash ml, Abs, Time Stab. MI'T Valor, Volume Score
T i ¢ min, min, 30 c

B-1-11 0.0 .k2 k6.0 59.6 2,0 13,0 30 58 2300.0 63.5
B-1-12 10,1 .h2 L6.5 60,0 2.5 12.0 20 60 2337.5 63.5
B-1-13 10.3 .Lk2 N47.5 60.L 2.0 10:5 20 58 2325.0 63.0
B-1-14 10,5 .L3 L8.0 62,0 7.5 9.0 20 68 24é2.5 67.5
B=1-15 0.7 .43 46,5 61,k 8.5 8.0 30 70 2350.0 66.0
B-1-16 1.1 .L3 L9.3 614 8.0 11,0 Lo 70 2187.5 6L
B-1-17 1L Wk 56,0 616 7.5 12,0 35 70 2512.5 72.0
B-1-18 1.5 .3 50.5 61.8 8,0 11,0 30 70 2487.5 75.5
B-1-19 11.8 ,h2 5h,0 62,0 7.5 7.5 4O 70 2575.0 3.5
B-~1-20 12,1 4o k7.0 62,0 8.5 13.0 30 72 24,50,0 71.0

% 149 Moisture Basis
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Table 16, Results from tests performed on flours from wheat blends B-1-21 to

B~1~30.
Far. :

Flowr Flowr FY Far., Arr, PFar, Far, Far, DBread Bread

Blend Prot, Ash ml, Abs. Time Stab. MII Valor. Voluge Score
i Z* ¢ min, min, BU c

5121 9.9 .2 L7.0 6L0 2,0 9.0 20 56 2337.5 63.0
B~1~22 10,1 .42 55.0 61,0 1,5 10,0 30 56 23750 63.0
B-1-23 0.4 .k 18,5 60k 1.5 11,0 Lo 60 2L37.5 70.0
B-1-2l, 10.7 .1 b0 60.8 8.0 155 Lo T2 23525 68.5
B-1-25 10,9 .3 be.7 én0 7.5 12.0 30 70 22,5 71O
B~1~26 11,1 .43 le.o 6LL 7.5 16,0 30 72 24150 T70.5
B-1-27 1.3 .2 50.5 61.6 7.5 15.0 ko 70 24B0.0 77.5
B-1-28 1.6 .3 52,0 62,0 8,0 12,5 35 72 2525.0 80.0
B1-29 1.8 k2 52,5 2.2 8.0 12,5 30 72 2525.0 60.0
B~1-30 12,1 .43 540 62,4 8,0 13.0 30 70 2600.0 61,0

% 1% Moisture Basis



Table 17. Results from wheat tests performed on lots and blends milled on the

Multomat,*
= T 1000 Kermel Potential Pearling  Wheat Flour
Wheat Test Weight Weight Yield Value Protein Yield
1b/bu Grams % A P A
Bison 56,2 28.36 75.62 71.80 129 73.76
Parker 58.6 31.90 75.72 70.05 1.3 72.16
B-2-1 55,9 26.8L 75.00 67.60 12,9 73.81
B-2-2 55,8 29.33 75.40 67.75 12.8 73710
B~2-3 55.6 29,50 75.15 68.35 12,8 7h.16
B-2-l 56,01 29.61 75.L5 70.20 13.1 73.L2
B-2-5 57.0 29.52 75.55 7145 13.1 7313
B-2-6 56.7 28.65 75.42 70,50 13.L 72,82
B~2-10 57.9 28.99 75.17 72.15 12,9 7h.32
B-2-11 57.8 29.37 75.15 71,10 12,6 h.21
B-2-12 58,1 29.67 75.10 TL2s 129 73.96
B~2-13 58.L 29,05 1535 69,55 13.1 73.00
B-2-1) s8., 2901 7545 7055 1k 73.72
B-2-15 58.5 29.67 75.L5 70.15 13.1 72,50

# 1% Moisture Basis
+ Tests Performed Before Millirg



Table 18, Results from tests performed on flours produced by the Multomat.
o — Tar —

Flour Flour FY Far, Peak Far, Far, Far. Bread Bread

Code Prot, Ash ml. Lbs, Time Stabh, MIT Valor. Volume Score
& e A nin, min, BU cm

B-2-1 11,7 % 47.0 59,0 6.0 11,5 Lo 65 2583 87.5
B-2-2 11.5 A 47.0 59.2 7.5 11.5 30 70 2556 78.5
B-2-3 11.6 .h2 k6,0 59,2 7.5 20,0 20 72 2502  7L.0O
B-2-L 11.8 A0 46,0  59.9 7.5 12.0 20 70 2538 78.0
B-2-5 11,9 .39 42,0  59.0 6,5 19.0 25 70 2370 72,0
B-2<6 11.9 .kO k6,0 59,4 65 20,0 20 70 252 78.0
B-2<10 11,5 L2 46.0 61,5 7.5  10.0 20 70 21,92 78.5
B-2-11 11.5 A3 48,0 60,3 6.5 18,0 35 70 2651 75.5
B-2-12 11.5 42 9.0  60.2 7.0 115 20 68 238L  75.5
B-2-13 11,7 L2 47.0  60.4 6.5 19.0 30 70 232} 71.0
B-2-1l; 12,0 L2 L5.0 60,5 7.0 8.0 30 68 2361 68.5
B-2-15 11.9 50 Lé.0 61,1 6.5 8.5 30 66 2183 76.5
B-2=~19 11.9 A3 W7.0 59,5 6,5 10,0 35 68 2461  68.5
B-2-20 12,2 L1 46,5 60.2 6.0 9.0 20 66 24h33 76.0
B-2-21 11.8 .38 L7.5 60.3 7.5 13.0 30 70 2LBB  6L.7
B-2-22 11.9 .37 45,0  59.L 7:0 11.0 30 68 2520 69.0
B-2-23 12,1 .39 L6,0  59.h L.5 13,0 30 62 2183 68.5
B~2-24 11.8 .38 L8,0 57.2 Lo 12,0 30 60 2411  75.0
Bison 12.0 .38 18,0 59.h. 7.0 12,5 25 69 2578  7h.5
Parker 12,8 .37 Wh.o 61,3 5.0 9.3 35 61 2438 81.5

# 1L% Moisture

Basis
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Pable 19. Data from Extensograms of flours milled on the Buhler,

15 15 15 15 30 30 30 30 L5 45 L5 L5

(F) (F1) (E2) Area. (F) (B1) (E2) Arge  (F) (F1) (E2) Areg

BU em cm  (cm?) BU enm em (em®) BU cm cm (em©)
N-1-1 705 13.0 17.5 156,48 585 16,5 21,0 161,70 520 16.5 22,6 158,73
N-1-6 675 9.4 15,0 128,10 520 11,9 15,7 106,68 - - - -
B-1=1 L35 9.4 13.8 79.66 390 11,2 15,4 81.85 385 13.L 17.1 90,75
B-1-2 170 8.4 12,0 76,43 368 10.5 1.0 71,60 300 11,5 16.0 67.21
B-1-3 490 7.3 11.5 7h.76 395 10,7 16,2 90.h9 380 11.0 15.8 8L, 2L
B-1-, 710 9.2 12,9 119,52 595 12,8 15,9 122.29 550 1L.2 17.9 130.81
B-1-5 690 10.8 15,3 138.93 605 11,0 15.1 130.55 525 13.3 17.8 126,81
B-1-6 718 9.5 12,5 11,16 558 12,9 16,3 119,20 550 14,5 18.0 133.58
B-1-7 905 11,2 17.7 158.L8 545 13.7 17.2 121,78 520 15.1 19.2 133,26
B-1-8 705 10.7 15.L 12,25 593 14,8 18,3 1L3.64 535 15.0 19,0 136,80
B-1-9 632 11.6 15.0 124,94 585 14,0 18,5 140,48 550 15.5 19.3 142,35
B-1-10 760 12,1 14,9 143.32 590 13,8 18.1 144,16 557 15.3 19.0 138,61
B-1-11 5§50 8.2 12.7 95.30 L82 10.7 1L.9 101,03 365 1ll.2 16,8 88,01
B-1-12 550 9.6 12.6 9L,9L L75 9.8 13.7 90.94 390 1.3 17.9 100,62
B-1-13 400 8.3 12,1 95,01 L55 10.8 1.9 95.h6 350 11,9 1h.9 72,05
B-1-1, 683 10.0 1L.9 131,39 540 12.9 18,2 113,77 520 12,7 18,3 127.6k
B-1-15 620 11.1 16,0 130,94 550 1kh,1 16,1 114,55 L90 13.5 16,5 105,26
B-1-16 787 10.0 13,0 129,84 635 12.8 16.4 138,03 620 1L.5 19.2 159,90
B-1-17 720 11.2 15.5 149,25 600 13.6 16.L 130,68 560 1L.7 19,0 1h5.38
B-1-18 650 12.1 16,6 142,29 588 14,k 19,5 154,48 505 15.5 19.3 132,74
B-1-19 680 12.6 18,7 166,41 575 1L.5 18,5 139,06 520 16,1 22,1 157.06
B-1-20 720 12.0 15,1 143,64 625 1h.L 19,1 158,86 570 16,9 21.5 163.96
B-1-21 450 8.5 12,5 77.72 L30 10,0 13.5 81,72 395 11,8 15.8 @8B8.11
B-1-22 )30 8.7 13.5 78,50 L65 10,7 16,7 110,68 320 10,5 15.2 65.21
B-1-23 710 8.0 12,7 123,90 460 11,2 16,2 107.72 L2o 12, 17,6 105.65
B-1-2L 840 9.0 12.9 139,51 660 11,0 15.1 133.77 650 12,9 16.6 143,19
B=1-25 710 10.% 15.6 145.64 597 13.0 15,9 126,81 530 13.h 17,1 121.39
B-1-26 780 10.5 1L.5 149,32 615 12,5 16,4 135,38 522 15,2 18,5 12L.03
B-1-27 625 11.3 1.2 114,62 595 13,9 18,4 1hl.80 525 1L,9 18.8 130.10
B-1~28 718 11.1 1L.7 139.32 617 14,6 18.0 146,67 510 15.0 18.8 129.6L
B-1-29 758 10.8 15.6 154.16 590 1.3 19.L4 153.77 535 15.8 19.L 136.7k
B-1-30 890 11.7 1L.8 168,99 715 14,5 19,3 179.96 605 15.5 22,0 176,21
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T the milling precesg thers are o stages which are of greatl
importance, and to a great extent still depend on a miller's judgement,

These ave wheat blending and wheat conditioning preperatery to the milling
process.,

To produce specified flour gualities the miller has to blend wheats,
availoble in a cevtein amount, taking in consideration factors such as cosg,
wheat milling properties, and baking properties of the flours.

It was the purpose of this investigation to study the cffect of three
systems of blending wheat lots under experimental conditions, The systems
were; blending wheats before they were tempered, blending wheats after they
were terpered and blending of flcurs, The wheats were teupered to the milling
moisture of the experimental mills which was 16.0 per cent,

Two serics of cxperiments were performed, one using the Buhler experie-
mental mill and the other using the Miag Maltomat éxperizﬁntal nill, TIn eeach
series two different varietics of Hard Red Winter wheats were used to make up
the blends.

Drawing conclusions from the observations and statistical analysis it was
established that blending of flours from wheat lots gave the best resulis in
nost cases, Thesc results may have been obtained because the blended flours
were milled separately, Using this procedu;e it is possible to derive the
best flour characteristics from a wheat lot., When taking in consideration
wheat tests, flour tests and monetary cvaluation of the flours, it was found
that blending lots before they were tempered would give better or at least as
good results as tempering them separatcly and then blending,

Flour protein content was one of the variables that shoved significant

. differences among the systems cof blending, Analysis of the protein loss



during millirvg, froa the sawples milled on the Buhler cexperimental mill,
showed that the difference in protein was not dependent on the milling proc-
ess, bubt on the system in which the blcnds were prepared,

At this stage, considering the requirements for extra pover, bins end
needs of adjustment of equipment in using the system of blending of wheats
after they were tempercd, and especcially in blendirg of flours io needb speci-
fications, it can be concluded that under the conditions under which the

experiments were performed blending of wheats before they were tempered Wes

found to be the most preferable systen,



