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INTRODUCTION

The milling of white flour from wheat involves the separation of the
outer, pigmented bran coat from the enclosed, white endosperm. The released
endosperm material is graded into various sizes, mechanically treated in
various ways to camplete the endosperm/bran separation and, subsequently,
reduced to a fineness that is universally called flour. The total manu-
facturing system used in a modern flour mill is quite complex in order to
take advantage of all the various physical characteristice of the wheat
and its milled fractions to obtain a white, bright, uniform flour in the
most economical way possible.

Rollermills are used to make the primary bran/endosperm separation.
Thess rollermills empioy two rotating steel cylindrical rolls running at
differsnt speeds towards a common gap or nip between the two. Spiralling
flutes or corrugations are cut into the surface of thgsa rolls to obtain
the desired cutting or shearing actiocn. This operaticn is called breaking
and several breaking operations are necessary to cbtain the desired sepa-
ration. The individual bresking passages are called breszks and are
numbered lst break, 2nd break, 3rd bresk, etc., to as many passages as are
used. Flve breasks is the most cammon number used but it can vary from
three to saven. The number of corrugations increese and thair depth
decreases on each subsequent passage. The material separated at each breszk
passage is sifted to obtain a series of products that vary in size and
in purity or freedom from bran. The coarsest materlal consists of the bran
with attached endosperm and is sent on to the next break passage until all
of the endosperm is removed. 4 relatively small amount of flour is

produced in the breaking process and it is removed in the sifters.



The balance of the relsased material is granular in nature and is called
middlings. Thess middlings are graded into several size ranges for further
processing.

The coarsest middlings may still have bran attached to them and are
sent to rollermills for a special treatment called gizing. The paésaga
13 called sizings and may be further classified into coarse and fine
sizings. The endcsperm particle is crushed lightly between the rotating
rolls to facilitate the further removal of bran.

The relatively free-from-bran middlings produced in the finer granu-
lations on the first three breaks ares combined with the sized particles from
sizings for a series of grinding-sifting passages designed to produce an
optimum amownt of white flour. This prccess 13 called reducing., The
passages are called middlings reductions in the United States with the word,
reductions, usually being dropped for the sake of brevity. They are Iurther
classified into coarse and fine. (In Europe these passages are given
alphabetical designations.) The use of air purifiers 1s optlonal to the
process but are found in a majority of white flour mills. These machines
enhance the removal of unattached bran chips thr the uss of combined sifting
and air current treatments.

The main concern of the miller is to provide a uniform flour having
the characteristics desired by the baker or housswife. Whiteness, kesping
quality (as regards the amount of rancidity-prone germ contained in the
flour) and protain content are among the quality considerations given te the
firdshed flour.

The secondary concern of the miller is to galn maximum productivity
thru guch things as proper load distribution to ths many rollermills,
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sifters and purifiers and to maintain an acceptable total extraction or
yield of white flour per pound or bushel or ton of wheat ground.

The purpose of this study is to vary the amount of material extracted
on three different break passages, using three different wheat classes, to
determine how these variations affect partlicle size distributions, load
distributions, bran removal efficlencles and protein distributions in the
intermediate and final milling products, and how different classes of
wheat, having different structures and degrees of hardness, react to

gimilar break extractlions as regards the same testing methods.

SURVEY OF LITERATURE

Due to the proprietary nature of the milling process, very littls
scientific literature on this subject has been released over the ysars.
Generalizations are also difficult to find due to the complexity of the
industry as it relates to the variety of wheat types mllled, the variety
of milling techniques used and the many variables affecting the overall
milling results. ZEven the language of milling is sufficlently different
between mills and between milling commmities to produce a certain amount
of confusion and unreliability in interpreting published data.

Breaking Process

The dlstance between the opposing rolls in the brsak rollermills is
adjustable while in operation. This allows the operator freedom to vary
this gap and thersby changs the amount of material released on esach rollermill.
Factors affecting the amount of release desired include such things as wheat
aoftness or hardness as affscted by such things as wheat class and moisture
content, machine lcading as affected by weight and denslity of the stock to



the roll, and the amouﬁt of bran coat disruption that can be tolerated by
the ensuing break, sizings and middlings reduction passages.

To enable the miller to control the amount of release, a procedure is
used whereby a sample of the material that has passed thru the rolls is
sifted on a small sifter. A cloth having a predetermined aperaturs - opening,
usually having the same size sieve openings as are in the full scale
gifter being used, is placed in the sifter to cbtain an overs or scalp
and a thrus of the cloth. The material that passes thru the sieve i3 called
the releass. The amount of material released is recorded in two ways.

The first method of reporting is called the "percent of relsase" in
most literature but is also referred to as "roll set" by some. Thlis is the
amount of material released by a roll as a percent of the material coming
to that roll.

Ralease = Unlt Extraction = ¥ of load to roll releassd through test
scireen.

The sscond method of reporting is called "percent of extractlon." This
is the amount of material released expressed as a percent of the wheat being
milled.

Extraction = Total Zxtraction = ¥ of load to lst break through test
screen or screens.

Parcent relezse is used by the miller to set his individual rolls and
is an indicator of the amount of work belng done by an individual machine
or unit.

Percent extraction is the measurement used to determine the amount
of work done by a milling passage in relation to the overall milling

process.
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An example of these two relationships follows:

Calculation of Releasa

A ) 4 % ¢ Extractiocn ¥ 100 =
System Load to System Release Extraction [oad %o System
1st Break 100 25 25 %o X 100 = 28
2nd Break (100-25) = 73 Lo 30 ;3 X 100 = 40
2
3rd Break (75-30) = L5 37.8 17 111% X 100 = 37.8

Around 1900 the milling industry came of age. With the advent of roller-
mills and the building of large, complex milling facilities, it became
increasingly important to maintain control. The famous miller's touch was no
longer adequate for the task.

An early reference to this problem was made by Howe (1), who gave the
following bresk release schedule for a coamercial mill having a total of
five break passages:

lst Break =~ 30% thru 18w
2nd Break ~ 47% thru 20W
| 3rd Break - 45% thrm 2LW
(These are equivalent to break extractions of 30%, 32.9% and 16.7%,
respectively, for a total of 79.6%. It should be noted that the above extractions
are considered quite high for modern milling requirements. They are shown
here because it is one of the earliest American references to break extractioms).

Pence (2) outlined the need to control break extractions for overall
mill balance and gave the following extractions as averages for five soft
wheat commerclal mills and five hard wheat ccrruuérc:i.al mills.

lst Break 2nd Break 3rd Break Total
Thru 18W Thru 20W Thru 22W

Soft wheat mills 28.0% 32.6% 15.3% 75.9%
Hard wheat mills 19.8% 30.6% 18,14 68.5%



This indicated the rather wide range of extractions in practics in the
1930ts.,
Bquivalent break releases would be

1st Break 2nd Break 3rd Breaak
Thru 18W Thra 20W ™hra 22W

Soft wheat mills 28.0 45.3 38.8
Hard wheat mills 19.8 38.1 k3.0

It is also noted there 1s no standard wire size used for determining the
amount of release and this makes it somewhat difficult to make direct ccmparisons.

Feese (3) experimented with break extractions on his mill and gave his
reasons for maintaining break extractions for better mill balance and uniformity.
The releases which worked best for the mill in gquestion were:

First break - 20% Thru 18W
Second break - 37% Thru 106W
Third break - LOZ Thru 20W
Equivalent extraction rates would bes:
First break ~ 20.0%
Second break - 29.6%
Third breai - 20.0%
Total 69.6%

These early references make no attempt to substantiate the results in
numbers but rely on judgmental factors only. These judgments were possibly
right, however.

Robbins (1) made an extensive study of granulation changes as affected
by variances in break extractions. His study used three different lst break
extractions. He then used three pre-set roll gap settings on both 2nd and
3rd break to obtain a "coarse, medium and fine" result. The total

extraction for the series varied between 75.7% for the "coarse, coarss, ccarse"



extractions of 17.6%, 38.0% and 20.1%, and 81.4% for the "fine, fine, fine"
settings of LL.6%, 26.9% and 9.9%. This work was done on an Allis-Chalmers
experimental mill. Robbins also peinted out that 2nd break is greatly self-
compensating on combined lst and 2nd bresk extractions when 2nd break is kept
at a constant roll gap setting while changing the extraction on 1st brsak ocn a
commercial mill. The range was as followss

lst break ¥ 2nd break ¥ Total %
Maximum lst break 46,7 11.2 57.9
Minimum lst break 13.6 0.3 53.9

Vilm (5) pointed out that there is no set rule of just what the (break)
extractions should be in a given mill.

Peterson (6) recognized that controlled break exbractions are unquestion-
ably one of the most important factors in mill ceatrol.

The importance of break extractions has been recognized throughout the
world. In Bngland, Lockwood (7) gives the following recammendad approximate
releases.

First Break - 30% Thru 20W

Second Break - 52% Thru 20W

Third Break - 35% Thrw 28W
(These are equivalent to 304, 36% and 12% extractions for a total of 78%).
In Russia, Kuprits (8) gives the following ranges of extractions.

First Break - 8-15% Thm 19W

Second Break - L5-55% Thru 19W

Third Break - 40-50% Thru 2LW

He further explains that with thess extraction values a maximm amcunt
of the best middlings and dusts (fine middlings) 1s obtained and a minimum



amount of (Break ) flour, The lower limits are for mealy (soft) wheats, the
upper limits apply to hard and vitreous wheats.

The Assocdaticn of Operatdive Miller's Correspondence Course (3 suus
up the situation quite well by stating that set percentages of extraction
may become highly controversial.

Particle Size Distribution of Mllled Products
(Granulation)

The manner in whdch the wheat endosperm breaks dom during the miliing
process has been the subject of several investigations. |

The importance of granulaticn to the milling process lies in the distri-
bution of the graded products to the various polnts of process in the mill,
The ability to predict the amoumt of material that will be sifted out between
any given set of sieve cloths having different aperature opemngs is very
important to the design of new mills and the optimization of exdlsting mills,
The amount of material produced in any glven particle size range will change
with changes in break extracticns. Due to the change in roll corrugations
used for different break passages and, possibly also due to changes in cell
gize characteristics as the stock is stripped of endosperm, the granmularity
will be different at the same extracticn rates on the different break passages.
| Tn 1935 Rozsa (10, 11) made two studies concerning the gramularity of
mill) products or fractions. He made the statement, "Through tests on
granulation changes alcne it 1s possible to control the efficiency of the
mill. "

Rozsa refers to Dr. Ing O. Haltmeier as the person who introduced the
characteristic granulation curve.



Rozsa further states, '"For uniformly efficient operation, the (granulation)
curves must remain identical from one day to another."

Farrell, et al, (12) in their complete analysis of a mill, show how the
granulation curve can be used to compare the performance of existing mills
with the pilot mill tested.

Ash Content of Milled Products

A white, bright flour is preferred by much of the world's population
over a dull, gray flour. The brightness of flour is due %o same extent to
the way the particles refract light and, therefore, the apparent color changes
with granularity. An off color is produced when bran and germ remain in
the flour produced as these products contain various pigments net found in
the endosperm.

One of the early discoveries on the composition of milled products was
that the mineral content of the flour and bran vary quite widely. Shellen-
berger (13) indicates that on an average, the gem contains about L.8 percent
ash, the bran 8.6 percent ash, and the endosperm about 0.4 percent ash.

Snyder (1) (15) was possibly the first person to point ocut the potential
of the ash test as an indicator of bran content in flour. The same Sanyder
(16) was a leading opponent of those wishing to make the ash test an
official grade standard, pointing out the variations in wheat ash, lack of
wiformity in the milling process and the inability to distingulsh differences
in proportion to commercial value.

Thus the miller was caught in a dilemma that originated at the turn of
the century and from which he has not yet fully escaped. That dilemma

concerns the usefulness of the ash test to the miller in analyzing mills and



its misuse by the baker as a flour specification.

Swanson(17) indicates that, "The primary value of 'ash' detemination
is to measure the thoroughness c¢f the separation of the bran coat from the
endosperm.” He further points out that, "No system of milling can make a
low ash flour fram a high ash wheat. Vhen the cause of migh ash is in the
wheat, the high ash flour (produced) may have a better baking performance
than the low(er) ash flour, both having the same extraction."

Pratt (18) states, "The mineral content of a flour, per se, is not
related to final perfcrmance."

The ash test has also been replaced or supplamented by such things as
colorimetric reflectance meters and s most promising new development in
Near Infrared Reflectance indicates that celluleose detection may be of nmore
positive value than either ash or color (19).

A1]1 mills make a number of flours simultanecusly. One flour is
produced at each break, sizing and reduction operation. There may be 20 to
30 or more individual flours coming from a given wheat mix that may be
blended to produce one or more flour gradaes or mixtures having the special
characteristics desired. Two, three or more flour grades may be made
simltaneously. Ash is often used to determine which streams go to each flour
grade because ash content is still used ~ and misused - as a main parameter
in flour specifications given the miller by the baker, iWidmar (20) shows how
cumulative ash curves are used to determine the menner in which individusl
flour streams should be blended to form divides or grades cn an ash content
basis.

To further complicate the use of ash as an indicator of bran inclusion
in flour, we know that the ash or mineral content of the endosperm varies

within the wheat berry. Morris, et al, {21) indicate that a spread from



«246% to .L400F ash exists in Hard Red Winter and a spread of from .206%

to .564% in ash exists in Hard Red Spring wheats. This would be the equivalent
of adding about 4% of pure bran to the lowest ash endosperms. This is

over twice the amount of bran that would be found in even the worst of

white flours, Without knowing the "pure" endosperm ash in the product being
tested, it is lmpossible to use ash content as a measure of bran inclusicn,
Tis is confirmed by Morris, et al, who state that in a study of mill streams
vs, dlssections "there is little evidence that the ingorporatiocn of bran was an
important factor in the determination of ash content of those stresms." As

an example, the following table was given.

"Table III
Wheat Class Dissected Endosperm vs. Mill Stream
SRR Ed  im Held  Ash
HRW 6k 3 51 68,0 13
HRES 56.3 49 62.4 U
SRW 60.6 148 66.8 A

This indieates that the milling system actually reduces the net ash
gentent despite the fact that high ash bran is found in the mill stream
flours and not in the dissected endosperm material.

MacMasters, et al, (22) also found spreads in ash fram bran free endo-

sperm.-within the wheat berry as follows:

Wheat No. Lowest Ash % Highest Ash & Spread %
3 .28 +40 12
N 13 56 .13
5 o2k 53 29
6 33 57 .26
7 140 +55 " L

Tt is also of interest to note the wide spread in the lowest ash content of

frem .28% to .L3% in wheats #3 and #L, respectively.



The question then is, "Why is ash used in this report?" The answer is
that when ugsing the same carefully blended wheat lots, an increase in ash
will indicate an increase 1n bran content. 4s tiie same wheats were used in sz
test series, it is assumed that the ash base remained the same, even though
the internal ash variance might be distributed in the milled products in
different ways.

The second reason it was used was to face the reality that ash is still
a widely used specification for flour and its manipulation is still of

technical interest to the mlller,
Protein Content of Milled Products

The protein content of flour is important from both a functional and
mutritional aspect. Higher protein flours are used in baked products
requiring dough strength, such as bread, buns and rolls. Lower protein
flours are used for baked products requiring weaker doughs, such as cakes,
cookies and crackers.

Each flour stream in a mill has a different protein content and the
blending techniques described above for ash can also be used to obtain
various grades of fleurs having different protein contents from the same
wheat mix.

When it is important to cbtain as wide a varisnce in protein contents of
the individual flour streams as is pogsible, it is important to take advantage
of the protein content variations within the wheat endosperm structure insofar
as possible.

Endosperm protein content increases from the cheek center towards the
bran coat. Morris, et al, (21) found a gradient of from 8.6% to 1L.1% in
hard red winter wheats whose overall protein level only varied from 12.0%

to 12.8%. In soft red wheat, the endosperm protein varied fram €.5% to

12

ch
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11.L4% in wheats that only exhibited a spread of 9.3% to 9.7% in the grain.
MacMasters, et al, (22) likewise show protein ranges within the berry
endosperm of as high as 6.5% with an average of L.5% found in seven different
wheat dissections. It was also noted in this study that 72% of the total wheat
protein is in the endosperm. This compares to 20% of the total minerals of
a wheat being found in the endosperm.

Protein content is, therefore, included in this study due to its use
by the miller to produce the speclialized use flours demanded by the baker
for specialized baked products and for the miller who is often faced with
producing wide spreads of flour protein from rather limited wheat protein

spreads.

MATERTALS AND METHODS

Three wheat mixes representing three main classes of wheat were used.
These are Hard Red Winter, Hard Red Spring and Soft White Spring.

Hard Spring wheat, in general, is more vitreous and of higher protein
than Hard Winter wheat. Hard Winter wheat, in turn, is generally more viireous
and of higher protein than soft wheat.

The wheats selected are commercial milling quallty and are typical of
the types used by commercial mills, although it must be recognized that wide
varliations exist within classes. Table #1 outlines the specifications of
the three wheats.

A flow sheet was established as typified in Figure #l. This flow sheet
was designed to produce data for the first three break passages, fine and
coarse sizings and fine and cosrse middlings reducticns. This is sometimes
referred to as the "head of the mill", The cloth aperature openings were
selected to obtain approximately the same amount of four sizes of middlings,

plus a scalp, plus a flour, from each break.



Table #1

Wheat Specifications

Wheat Class Hoi:‘ture Proiein Agh Pearligg Valus TestSWeight

—_ 2 z . % #/bu.,

Hard Red Spring 11.9 13.7  1.b5 72.5 60.5

Hard Rad Winter 10,9 11.8 1.65 70.0 60,3

Soft White Spring 11,1 10.7 1.53 60,0 62,6

1. Motomco #50 Moisture Tester.

2. AACC Cereal Laboratory Metheds, L6-10,

The total nitrogen content is multiplied by 5.7 and the results are
axpressed as percent protein on a 14% moisture basis.

3. AACC Cereal Laboratory Methods, 08-01.

The percent remaining after ignition is expressed as percent ash on
a 1% molature basis.

4. Twenty (20) grams of wheat with 2ll forelgn material and broksn kernels
removed 1s retained for one minute in a Strong Scott Laboratory Barley
Pearler equipped with a No. 30 grit stone and a 10 mesh screen made of
wire .,0L1" in diameter (Tyler Code " Fijor"). Pearling value is
percent of original sampls remaining over a 20 mesh wire after pearling.

S. As described in CGircular No. 921 issued by the United States Department

of Agriculture. Expressed as pounds, to the nearest tenth of a

pound, per Winchester bushel.
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FLOW SHEET
BREAKS
Type of Wheat_HARD RED WINTER
Pre-Break Test Number 3
% Release|% Extraction
gﬂl"g.’h”/z:l Ist Breaok . 2,
2ndBreak ___142.0 33,0
3rd Break ____3L.5 15,3
Ist Break
9"xe" 2 1/2:1 %' % Yo %
12712 Getchel! D:D EXTRACTION]| PROTEIN ASH
;: ::: »=2nd Break === === 12.5 2.00
= = Coarse Sizings 7.8 7.9 9.6 .65
:O ;: = Fine Sizings 4.0 4.0 9.3 -55
17 = Coarse Middlings bl b1 9.1 L7
XX L o Fine Middtings b7 b7 9.0 L7
—e- Flour L2 1.9 9.7 A8
TQTAL 22,5 22.6
f 2nd Break
g'x6" 21/2:
12/14 Getchell D:D
20 Lw . \er Break —— _——— 13.2 3.0’4
2BAW | o Conpse Sizings 13.7 10.6 10.6 .98
:g ;‘: = Fine Sizings 13.L 8.8 9.5 Ll
x| Coarse Middlings 8.7 6.8 10.2 Lo
~ Fine Middlings 6.5 5.0 19,5 .39
- Flour 2.3 1.8 | 10.6 | .3
TOTAL_ 2.6 33.0
3rd Break
f 9'x8" 2i/2:
16/16 Gestchell D:D
20 LW - Feed ——— - 13.8 ’.1.50
eB LW o Coarse Sizings 5.6 2.5 | 15.8 3.L0
46% Lét - Fine Siz”-'gs S-h 2ch 1il.1l .80
o | Coarse Middlings LR 5.0 11L.L LS
R e Fine Middlings P48 il Bt T
Flour 2.5 111 11u6 uhe
TIQTAL 3.5 15.3

Fig. 1
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FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat__HARD RED "INTER

Coarse Sizings Test Number __1
S.‘.“°F?’h % % % %
9x6 li/2:1 RELEASE EXTRACTION PROTEIN ASH
20 LW =~ Top Scalp 8.1 1.7 16,6 3.62
28 L: — Bottom Scalp 17.'1 3.6 12.9 2.60
:g;s —= Fine Sizings 12.} 2.6 9.5 91
5% | Coarse Middlings 32.9 6.9 9.6 «3h
» Fine Middlings 2ks.3 5.1 9.3 .32
Total 100,0 21.0 i1B,7 _1.06
Fine Sizings
Smooth
9"x6" | I/2:
281 W . —
20LW —» Top Scalp 3.9 0.7
53— Coarse Middlings | 2% g.o 9.8 | L6
+ Fine Middlings b9l 4 946 «31
| SR, F[w 80}4 1-5 9.9 3}6
Total 100.0 17.8 9.8 .55
- Coarse Middlings
Stpoq!h
9"x6" 1 1/2:1
,..4»0.':‘*.1 2.9 0.7 —— ————
60SS -~ Top Scalp . . |
—> Fine Middlings h2.6 11.8 9.9 3k
L— Flour L6.9 13,0 9.7 032
Total 100.0 27.7 9.9 40
 Fine Middlings
Smooth -
5"x6" 1 1/2:)
Gig?(?( = Top Scalp L e T T
+ Bottom Scalp 37.6 16.6 10.3 L5
——a~ Flour 62.0 27.L 9.8 220
Tolal 100.0 W.2 12.0 26

Fig. #1



17

The wheat was cleaned twice on a Carter dockage tester to remove
forelgn grains, seeds, unhusked wheat, large stones, sand and broken and
shrunken kernels. Air aspiration removed light dust and dirt.

The wheat was then cleaned on a Forster horizontal beater scourer with
aspiration to remove crease dirt and any loose branny material (Bees wing).

A final c¢leaning on the Carter machine was then performed.

The c¢leaned wheats were brought to the proper milling cenditions by the
addition of water and sufficient rest time to allow the water to fully
penetrate the berry. The final moisture content was 16.0% for Eard Red
Spring and Hard Red Winter and 15.0% for the Soft White Spring. All wheats
were rested for 20 hours before milling.

The mi]_.”J‘.w_ng“sgqmgpnsisted of Ross Machine Company bstch type rollemilis
with a 9_.“.- 'diemeter by _6'*."’ long rolls. The sifter was a Great Western laboratory
model using a;’[;'"* tl:::owatlﬁo r;ms. The roll diameter and sifter throw and
speed duplicate cmefcisl practice. The corrugations used are shown on
the flow sheet. mcormgationshad a;‘“i;”/Ft. spiral

The 1st break extracﬁions-#;:".e chosen to test the range of low, medium,
and high percentages encountered in the industry. 2nd breask extracticns were
chosen to also test a high, medium and low extraction rate, while at the
sane time making a combined lst and 2nd break extraction of approximately
60%. The 3rd break extraction was run at a rate sufficient to cobtain approxi-
mately a 73% extraction for all three breaks. As a range was being explored
in all cases, it was not necessary to obtain exactly the same extraction
levels for sach wheat class. The rolls were set by converting the extraction

rates to releass rates. The overall release percentages are shown in Tsble #2



Hard Red Winter

Tast #1
Test #2

Test #3

Hard Red Spring
Test #1
Test #2
Test #3

Soft White Spring

Test #1
Test #2
Test #3

Table #2

Release Tzble Percent
(Unit Extraction)

1st Break  2nd Break  3rd Break
% 1 %
22.5 h2.6 34.5
35.0 h1.2 33.h
47.8 27.3 27.1
25.4 2.0 5.9
36.1 3%9.9 30.6
Lé.7 28.8 28.7
28.4 ho.0 37.4
36.1 38.1 29,2
L7.5 29.7 30.0

18
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and the overall extraction percentages and combination percentages are shown
in Table #3.

The no-load roll gaps for sach cxtraction wsere notad and are shown on
the flow sheets. It should be noted that these gaps will open up during
grinding as the rolls are spring loaded.

The sizings and reduction middlings operatlions were made with a
uniform no-load roll gap setting for all tests.

The various fractions were welghed after each operation. These weights
were then converted to percent release and then to percent extraction. No
accounting was made fob matarial losses dus to moisture reductions or thru
dust-to-atmosphers loss.

A sufficient quantity of each fraction was obtained for laboratory

analysis of protein, ash and moisture content,
RESULTS AND DISCUSSION
Hard Red Winter Wheat

Figurss #1, #2 and #3 show the flow sheets and test results for the

various break extraction combinations previously given in Table #3.

Particle Size Distribution
(Granularity)

Figure # shows the granulation curves obtalned from lst break fractions.

The ordinate is marked off in microns.

The abcissa 1s marked off in accumulative percent of material ovar each
gieve having the aperature opsenlng indicated.

Vertical lines are made to indicate the mlcron opening of the meshes for
sach sleve used in the flow.



Table #3

Extraction Tables Percent

(Total Extraction)

20

1st Break
%
Hard Red Winter
Test #1 22.5
Test #2 35.0
Test #3 L7.6

Hard Red Spring

Test #1 25.}4
Test #2 36.1
Test #3 hé.7

Soft White Spring

Test #1 28.4
Test #2 3601
Test #3 L7.5

2nd Break lst Break + 3rd Break 1lst Break +
2nd Break 2nd Break +
3rd Break
i) Z £ .3

33.0 55.5 15.4 70.9
26.8 61.8 12.8 Th.6
1.2 61.8 10,3 72.1
31.3 56.7 15.5 73.0
25.5 61.6 11.8 73.4
15.4 62.1 10.9 73.0
28.6 57.0 16.1 73.1
24.3 61.)4 1.6 ¥2.6
15.6 63.1 11.1 7he2
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FLOW SHEET
BREAKS |
Type of Wheat HARD RED WINTER
Pre-Break Test Number 2
% Releasel% gfxfrgction
2nd Breaok 1 2 28,
3rd Break 33,0 12,
Ist Break
g"x6" 2 1/2:1 % % % %
IZ/'Z Getchell D:D RELEASE EETRACTION PROTEIN ASH
20LW —2nd Break —— ———— 13.2 2.1k
28 LW .
-~ Coarse Sizings 12.6 12.6 9.8 .70
40 LW s .
GOSS - Fipe SiZIngS 60h 60h 90’4 o53
10 XX » Coarse Middlings 5.9 5.9 9.2 .50
- Fine Middlings 6.8 6.8 9.0 il
——s Flour s y 9.6 A5
JOTAL 35, 35,0
f 2gd 'Ereak
9'x6" 21/2:1
12/14 Getchell D:D
20LW = 3rd Break —— ———— 1k.1 3.28
28 LW -
-= Coarse Sizings 8.5 5.5 11.0 1.23
40 LW ; ;
0 o5 > Fine Sizings 10.4 6.8 10,4 A7
10 XX —= Codrse Middlings | 11.1 Te2 10.7 .38
. > Fine Midd”nqs B-3 5.4 10.L «39
L o Flour 2. 1 1101 .
s | =% e
3rd Break
9'xe" 272!
16716 Getchell D:D
22 t‘: —lp Feed ——— - 1309 h-li.O
- Coarse Sizings 6.0 2.3 15.9 3.38
40 LW ; i .
50SS = Fine Sizings L.8 1.8 1.5 .98
10 XX -» Coarse Middlings | 10.2 3.9 13,8 ok
-=- Fine Midd!lings 9.9 3.8 11.6 A1
———= Elour 2 1.0 12.90 ikt
TQTAL 33, 12,8
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FLOW SHEET
SIZINGS AND REDUCTIONS

. Type of /Wheat__HARD RED "TNTER
Coarse Sizings

Test Number 2

SHIOETh . o - ”
gx6 1l/2: RELEASE _EXTRAGTION PROTEIN A
DLW > Top Scalp 7.6 1.5 16.9 3.55
2BLW | . Bottom Scalp 15.3 3.1 13.3 2.85
:g ;: = Fine Sizings 9:7 2.0 9.7 Sk
oy | Coarse Middlings 28:0 5.7 9.2 -32
31 s Fine Middlings 32.0 6.5 9.3 .2
= Flour Tab 1.5 9.9 .36
Total 100.0 20.3 10.5 [ 1.02
Fine Sizings
Smooth
9"x6" 1 1/2:
28LW ———— ——
A0LW = Top Scalp 3.0 5
603S = Bottom Scalp 2.0 1.5 1.4 2.02
o [ Coarse Middlings 16.6 2'2 9'5; 21
—~ Fine Middlings 59.7 10. o )
| S——— Flour llo? 2-0 9.8 03'11
Total 100.0 17:0 8.5 .57
Coarse Middlings
Smooth
9"x6" 1172
:?) ;g o Top Scalp 2.4 -6 T T
Toxx | Bottem Scalp 3-: 2.0 11.0 1.11:;
~ Fine Middlings L. 10.9 10-3 .;O
TeD 12.0 G .
= F|ot i
Total our 100.0 25.5 8.9 N
Fine Middlings
Smoot'h :
9''x6" 1 1/2:
GI%SXSX > Top Scalp 1T 0.4 —-——— S
= Bottom Scaip L7.5 12.7 10.3 52
> Flour 20.8 30.5 9.6 .30
Total 100.0 3.6 FeT .36
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FLOW SHEET
BREAKS
Ej Type of Wheat_ HARD RED VINTER
Pre-Break Test Number ___ 3

% Release]% Extraction
=< g'q;osq'th 11/2:1 é”dgfegt F Iﬁs-g
. n re . .
3rd Break 51.% .

st Break . .
. 9«6 2 1/2:1 Yo % Y% Yo
@ 12/12 Getcheli D:D | RELEASE JEXTRACTION] PROTE(N ASH
£ LI =2nd Break s - 13.6 2.54
ESLA - Coarse Sizings 13.8 13.8 10,3 0,
nath > Fine Sizings 10.4 0.4 9.6 A7
?g:: = Coarse Middiings 9.1 9.1 9.5 LS
- Fine Middlings 9.7 9.7 9.3 A3
t—s Flour .8 .8 9.8 43
TOTAL Te Te0
2nd Break
9'x6" 21/2:]
f 12/14 Getchell D:D
20LW 3rd Break ——— ——— 13.5 3.36
RN Coarse Sizings 6.1 3.2 12.7 1.54
ni L\: > Fine Sizings 6.7 3.5 10.8 .18
98 —»- Coarse Middlings | 7.1 3.7 11.2 40
B . Fine Middlings 5.6 2.9 11.1 L2
= Flour 1.8 s 11.h L8
TOTAL_ 2% o2
3rd Break
9x6 21/23
16/16 Getchell D:D
> Feed ———- —— 15.3 L.l
S Coarse Sizings 5.0 1.9 16.6 3.58
LW —> Fine Sizings 3.4 1.3 11.7 1.22
G098 1 e Coarse Middlings 8.0 3.0 11.7 51
OX% | o Fine Middlings 8.1 3.1 11.8 42
— Flour 1 2.6 1.0 12.0 L6
TOTAL 27.1 10.3
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FLLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat_HARD RED WINTER

Coarse Sizings Test Number ___3
Spmagth % % % %
~ - 9x6 11728 RELEASE EXTRACTION _PROTEIN ASH
2OLW ! . 1op Scalp 8.0 1.6 | 177 | 3.66
2oLy S - Bottom Scalp 1'?-.3 343 13.5 2.85
Zg *S-: » Fire STzings 10.1 1.3 10,0 | 112
53 T Coarse Middlings 28,2 5.3 9.3 37
~ Fine Middlings 29.6 5.6 9.3 | .33
b r. Flour 6.2 1.2 9-8 .jﬁ
Total ' 100.0 18,9 10.8 1.1
Fine Sizings
Smooth
9llxsll I |/2:|
28LW
=T Top Scalp 3.6 6 e ——
70 XX Coarse Middlings 18.7 3.2 9.7 Lo
l—0s- Flour 10.3 1.7 9.7 .3l
Total 100,0 17.1 2.9 57
Coarse Middlings
Smooth
9"x6" 11/2:
:g is': — Top Scalp 2.6 6 e T
> Fine Middiings L3.8 | 10.7 10.2 .37
S, F'our héeh 1103 907 ¢30
Total 100.0 2l.3 10,0 iy
Fine Middlings
Smooth " -
9"x6" 1 1/2:1
055 ] _ 1ep sealp TS NI e
- Bottom Scalp 0.3 | 12.9 10.5 +51
Total 100.0 .9 10.0 «37

Fig. #3
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The plots were made with 100% of all matarial being over O microas in
size. The amount of material left on each sieve was obtained from the test
rasults and accumulatively subtracted, starting with 1004.

As an example, for Test #1:

First Break
Sieve Mesh Opening Percent on Accumulative Percent
Mieron Each Sievs Over Bach 3levs

Blank 1.9 100,0
10XX 130 ) (100-1.9) = 98.1
6OSS 316 hal (98.1‘h.6)= 93'5
hOLW h?l hno (9315'[&. 1)’ 89.&
ZSLW 716 709 (89#1“}4.0)” 85.&

The gramulation curve thus established is uged by the mill designer to
predict load distributions in new mlll designe and is used by the mlller to
establigh sifter clothing numbers in existing mills for maximizing machine
utilization., The curves will also be useful to the computer programmer in
understanding the relationship of break extractions to gramularity and thus
to mill load distribution.

First Break

Figure # shows the test results for the three lst break releases
indicated., 4ll curves will start at 100% over O micron siove and will end
at 100 minus the break rsleass obtained. The characteristlic curve for breaks
is obtained showing different rates of production in certain sizs ranges. The
purpoge of the breaking procedurs in hard wheats ie to produce a maximum
amount of granular middlings with a minimum amount of flour. I% is not
desirable to produce flour during the bresking procedurs as this requires
~close, high extraction settings on the roll which disrupts the bran coat and
produces tine bran particles of flour size. These particles end up in the
flour with no practical way to remove them. The curves, therefors, show a

reduction in the accumulative rate of material produced that will pass thru
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a 10XX sieve, the sieve size normally used to separate flour from the other
products.

Second Break

Figure #5 shows the test results for the three 2nd break releases indicated.
These curves have a more distinctive reverse "S" shape, showing the increase
in production of the middle range middlings as compared to both the fine
flour size particles and the coarsest, sizings grade of particles. The two
tests made at similar releases of 41.2% and 42.6% show very little dissimi-
larity despite the change in extraction rate which reflects back on the amount
of material available to the break. It must be realized that the limiting
on the bran., It would be impossible to release any more endosperm than what
is available for release. What is not so well understocd is how intermediate
release rates are affected by differing amounts of endosperm availsble for
releasing.

Third Break

Figure # shows the test results for each of the three 3rd break releases
indicated. A very raspid increase in the amount of middlings in the range of
130 microns to 470 microns can be detected, with the percentage dropping off
again at the flour size of <130 microns.

As shown on the flow sheet, the number of corrugations per inch of
roll surface increases from 12 per inch on 1st break to 12 per inch on the
fast roll and 1} per inch on the slow roll for 2nd break and then to 16 per
inch on 3rd break. When run at the same FPMs, this has the affect of
producing more corrugation contacts as the break stock progresses thru the
mill, In addition to this, the corrugations also have less depth as the
number of corrugations per inch increases. Thls combination of factors,
number of corrugations and depth of corrugations, affscts the size of the

middlings produced, with smaller middlings increasing as the number of
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corrugations per inch increases, at a given release rate. Again, the
two similar releases of 33.4% and 34.5% exhibit very similar granulatioa
curves despite a change in extraction level, caused in turn by differences

in the amount of materlal removed prior to 3rd break.
Baseline Gramlarity Curves

Figures #7, #8, and #9 were developed to compare the relative amounts
of material produced in each size range at different release and extraction
levels. DBy plotting each test as the percent of material passing thru each
gsieve, the effects of quantity differences are eliminated and all that is
shown is the change, if any, in the overall size distribution. This method
is new and should be of interest. This type of presentation may also be of
particular use to computer programmers as a baseline performance curve that
neaed only be multiplied by the percent ralease desired to convert back to
the information needed for load distribution purposes.

First Break

Figure #7 shows a remarkable similarity in relative size distribution
for tests #1 and #2. The decrease in flour size particle production is
again shown. A steady rate of particle gene_ration is indicated from i30
microns to L70 microns, then a decrease in rate between 470 microns to
716 microns and then a return to the higher rate of generation. It is not
understood why this lag in the 470 to 716 micron range occurs.

Test #3 indicates a deviation in the pattern established by Tests #1 and
#2. A higher percentage of material will pass thru the coarser mesh sleves
of over 500 microns on this test. This is indicative of the close roll gap
getting needed for this high rate of release which creates a more intense

crughing action on the passing material. The no-load roll gaps used were
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BASELINE GRANULARITY CURVES
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Lo2ht, .022" and ,016% for tests #l, # and #3, respectively. The basic

action of the corrugated rolls is z shearing, cutting force created by the
crossing of one corrugation over another with both corrugations at an angle

to the other at a 2.5:1 differential. This has often been described as a
scissors action. Whan the endosperm material is crowded into a very narrow
passageway, as in Test #3, a finer material is produced by the roll to material
and material to material crushing action created, in addition to the cutting
action found at the more open settings.

Sacond Break

Figure #38 shows the almost indistinguishable difference in curves for
2nd break. This indicates that within the ranges tested, the same relative
relationship exists between particle sizes no matter how much materisl is
released. Again, this type of baseline curve should prove of great help to
computer programmars who can use this information as the multiplicant in
the conversion %o actusl stock quantity at any extraction level desired.

The rate of generation is rather constant from 130 microns to 716
microns with a decrease in the sub 130 micron flour range and over 716
micron coarse sizings range.

It is believed that the relative reduction in coarse middlings is due
to the finer corrugations used which limits particle size due to a shallower

corrugation depth.
Material Balance Charts

Figures #10, #11 and #12 are provided to show the manner in which
materizls are gathered and shifted in the simple flow used in this experiment.

Flour mills are quite complex in nature in order to obtain the maximum
amount of products having the highest market value. The technology te do

this requires the separation of the removed endosperm into several size groups.
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This allows special treatment on purifiers, sizings and reduction rolls and
sifters and other auwxliary equipment.

It is felt that the format used in these figures may help milling
gtudents and practitloners visuallze the way size groups are generated in
the break systems, resized in the sizings system and finally regrouped
for the first steps in the reduction system, and to further visualize how
these systems change with changes in break extractions and with changes in
classes of wheat.

An item of note is the relative stability in the amount of material
presented to each sizing and reduction step despite the wide spread change
in extraction rates. As an example, we see that the material to coarse
sizings is 21.0% of the wheat in Test #1, 20.3% in Test #2 and 18.9% in
Test #3. However, the difference between the high and low percentags is
2.1% which is 10% of the higher figure. A 10% load change on 2z rollstand
may not be unrsasonable but it would certainly affect its efficiency to the
extent that the miller would want to readjust the rollstand(s) involved.

A cathode-ray tube (CRT) display of this type, along with the necessary
quality informaticn, would be most helpful in guiding a miller towards the

most equitable set of break extractions for each wheat mix on the mill.
Break Releagse Bar Charts

Figures #13, #1L and #15 are included to dramatize the changes in the
quantity of material produced by sach break at different extraction levels.
These bar charts also point out same phenamena that are not quite so
discernable in the other presentaticms.

First Break
It can be noted that the increased release for Test #3 shows up mostly

in the fine sizings and coarse middlings due to the crushing action noted
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L2
previcusly. The balance of the size ssparations in all three tests progress

in relationship to the total increase in extractions.
Asn

In observing Figures #1, #2 and #3, it can be seen that the ash content
of ths various products fram the break sifters shows a general trend of
increasing ash from the fine middlings to coarse sizings. For the most part,
this is indicative of the amount of bran that is in each product. The |
coarser the material the more bran included. The fact that bran does not
break up in the same ratio as the endosperm is what allows the manufacture
of white flour. The bran is tougher due to its fibrous makeup and this is
strengthened by tempering the wheat with water before milling. in exception
to this general trend is in the ash of the £lours produced on the breaks.

In every case the flour is higher in ash than the next coarsest separation.

This is not due to bran but due to the high amount of interstitial minerals

that is released which is of sufficient fineness to pass thru the flour silk

at 10X size. The same situation occurs in the sizings sections whers additional
interstitial minerals are released.

When the high production of flours begins in the middlings reducticn
sections, the flours show lower ash then the next coarsest separation
because high amocunts of starch are being released, leaving behind a great
deal of the high ash bran. In observing the order which all brezk preducts
line up fram low to high ash in Tsbles #L, #5 and #6, it will be noticed
that 2nd bresk fine and coarse middlings are always one of the lowest ash
streams produced. Third break fine middlings is also one of the lowest ash
stocks produced.

The sharp increase in ash contents of products having more than .50

ash can also be noticed in all tests. These products include the coarse



A=Ash (14%

Moisture Basis)

CUMULATIVE ASH
CALCULATIONS

Q=Quantity (% of Wheat to Pre-8Break)
ALL BREAK RELBEASE PRODUCTS

S=Summation

L3

Type of Whect
HARD RED WINTER

=y Aom—

STREAM A Q QXA |SofQxA | SofQ ggo_of%g

% Ash % of % of Wheat | Cumuiative | Cumulative | Cumulative

FROM b (14% M.B){ Wheat |[x % Ash QxA % of Wheat| % of Ash
IBK F.M, .38 L.l .0167 | .0167 h.ly | .380
2BK CM, .39 6.7 L0061 | ,0L28 11.1 | .386
| 2BK F.M, .40 5.0 .0200 | 0628 16,1 | 390
_3BK Flour 112 1el L0046 | 067 17.2 «392
BK_ C.M. o3 5.0 .0215 | .0889 22.2 1100
2BK FeSe ok 8.8 .0387 | 1276 31,0 112
2BK Flour | U5 1.8 .0081 | ,1357 32.8 Al
1BK CM. U7 L.l .0193 | .1550 36.4 | U26
1BK F.M, o147 L7 L0221 | L1771 41,6 1426
| 1BK Flour | L8 1.9 .0091 | ,1862 h3.5 ! JL28
1BK FaSe .55 4.0 .0220 | .2082 L7.5 38
| JBK [ .65 7.9 051k | ,2596 55.4 | .Lé9
3BK F.S. .80 2.4 .0192 | ,2788 57.8 482
2BK C.S. 98 | 10,6 .1039 | .3827 68.4 | .560
3BK G:8s 3,140 2.5 L0850 | L677 70.9 660

TABLE # _L




CUMULATIVE ASH
CALCULATIONS

A=Ash (14% Moisture Basis) Type of Wheat
Q=Quantity (% of Wheat to Pre-Break) HARD RED WINTER
S=Summation ALL BREAK RELEASE PRCDUCTS
é STREAM A Q axa |soraxa | sotq |222XA
% Ash % of |% of Wheat|Cumulative | Cumulative |Cumulative
; FROM 79 (14% M.B.)| Wheat |[x % Ash QxA % of Wheat| ¥ of Ash
2| 2BK C.M. .38 1.2 L0274 | .027h 7.2 .380
| 2BK F.M. .39 S.h 0211 | L0485 | 12.6 | .385
| 3BK F.M. Ul 3.8 .0156 L0801 | 16, | .391
3BK CoMe Jhly 3.9 .0171 | ,0812 20.3 1400
3BK Flour | .hk 1.0 | .00uh | ,08%6 | 21.3 | .h02
1BK F.M. i 6.8 20300 .1156 28.1 L1
1BK Flour 15 3.4 .0153 .1309 | 31.5 416
2BK Flour 6 1.9 .01 1423 33.4 126
| 2BK F.S. o7 6.8 00320 | L1743 | LO.2 | .U33
1BK C.M. .50 5.9 L0295 | L2038 | L6,1 | L2
1
1BK F.S. «53 6.1 .0339 «2377 | 52.5 | .h53
1BK C.S. 70 | 12.5 .0875 «3252 | 65,0 | .500
3BK F.S. .98 1.8 L0176 | J3428 | 66.8 513
2BK C.S. 1.23 5.5 0677 1105 | T72.3 568
3BK GuSe 3.38 243 L0777 LhB82 | T7h.6 | .65L
TABLE # _5




A=Ash (|49

Moisture Basis)

CUMULATIVE ASH
CALCULATIONS

Q=Quontity (% of Wheat to Pre-Break)
ALL BREAK RELEASE PRODUCTS

S=Summation

L5

Type of Wheat
HARD RED WINTER

ET STREAM A Q QxA |SofQxA | SofQ %%%ﬁ

S % Ash Y of |Y of Wheat|{Cumulative | Cumulativa | Cumulative

; FROM TO (4% M.8}] Wheot x % Ash QxA % of Wheat| % of Ash
3| 2K C.M. 40 3.7 .0148 0118 3.1 + 1100
2BK F.M. oli2 2.9 L0122 .0270 6.6 | 109
3BK F.M. 42 3.1 0130 | ,0LOO 9.7 12
1BK F.M, 43 9.7 -0L17 0817 | 19.4 | Jho1l
1BK Flour o3 4.8 .0206 #1020 | 24s2 1123
1BK C.M. .45 9,1 L0410 | .U3h | 33.3 131
3BK Flour U6 1.0 «00L6 .1480 3.3 o431
1BK F.S. 47 10.k 0489 .1969 Iy 7 4ho
2BK F.S. 18 3.5 .0188 +2137 | UB.2 oLli3
2BK Flour | .L8 .9 0043 »2180 | L9.1 | JLhh
3BK C.M. <51 3.0 .0153 «2333 S2el Ul
1BK C:8e .81 | 13.8 .1118 3451 | 65.9 .52l
| 3BK FeSe | 1,22 1.3 20159 | .3610 | 67.2 | .537
2BK C.Se 1.54 3.2 0493 11103 70.L | .586
| 3BK BB 3.58 1.9 .0680 | U783 | 72.3 662

TABLE # _6




L6

gizings from all three breaks and the fine sizings from 3rd break. These
are all high bran content streams, with the bran content increasing from
- 1st break thru 2nd break to 3rd break in all tests.

When the results are plotted in Figure #16, the similority in ash increase
is seen. However, at the 71% extraction level, there i1s a significant
difference in the curmmlative ashes of .660% for Test #1, .585%7 for Test #3
and .555% for Test #2. Assuming that the most desirable series of break
extractions is one that does the least amount of damage to the bran coat at
a given extraction, the ranking of tests in order of desirability would be:

Test #2 ~ Best
Test #3 - Next Best
Test #1L - Worst

The flours produced in the total flow used are aligned in order on Table
#7 for all three tests. The lowest ash flours are from the middlings, next
highest from the sizings and highest are the break flours in all tests. The
relationship of lst break flour ash changes with extraction, becoming lower in
ash as extraction increases. This, again, is due to the higher production of
starchy fines at the higher extractions which dilute the freed minerals obtained
from the interstitial area.

When these results are plotted on Figure #17, the ash contents at L0%
axtraction are .325% for Test #l, .320% for Test #3 and .311% for Test #2.
Assuming the lowest ash flour is the most desirable flour from a marketing
standpoint, if not from a quality standpoint, the ranking would be as follows:

" Test #2 - Best
Test #3 - Next Best
Test #1 - Worst

This is the same order as was determined by the cumulative ash of the
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A=Ash (14%

CUMULATIVE ASH
CALCULATIONS

Mcisture Basis)

Q=Quantity (% of Wheat to Pre-Break)

L8

Type of Wheat

HARD RED

WINTER

S=Summation FLOURS ONLY
é STREAM /A Q QxA |SofQxA | Sofq §§%¥%&
% Ash % of |% of Wheat{Cumulative | Cumulative | Cumulative
; FROM e (14% M.B)| Wheat |x % Ash QxA % of Wheat| %% of Ash
1| F.M. Flour| .30 27.4 | .0822 | .0822 27.h | .300
C.M. n «32 13.0 016 .1238 4oy | .306
F.S. " 36 1.5 .005} 1292 L1.9 | .308
C. S. " .38 1.2 L0046 | .1338 L3.1} ,310
3BK " 12 1.1 | .00Lh6 | L1384 W2 | ,313
2BK " 115 1.8 L0081 | L1465 46.0 | .318
1BK " 18 1.9 | .0091 | ,1556 L7.9 | +325
2| FM. Flour | .30 ! 29,7 | .0891 | .0891! 29,7 ,300
C.M. " .30 12.0 .0360 «1251 L41.7 | .300
F.S. " 34 2.0 | .0068 1319 43.7| .302
C.3, " .36 1.5 | .0054 | 1373 45.2 | .30k
3BK " Ll 1,0 | .oohh | .Ua7 6.2 | .306
1BK " 115 3.4 | .0153 .1570 49.6 | .317
2BK " Jib 1.9 .0087 «1657 51.5 | .322
3| C.M. Flour | .30 11.3 .0339 | .0339 1.3 | 300
F.M. " .30 28.5 | .0855 | L1194 39.8 | .300
Ps3s n 3k 1.7 .0058 .1252 41.5| 302
C.S. " .38 1.2 L0046 | .1298 2.7 | .304
1BK . 113 4.8 ,0206 .1504 47.5 1 317
3BK " Lé 1.0 .0046é .1550 8.5 | .320
| 2BK. a .18 9 | L00h3 | 15931 Wb .322
; TABLE# _17_
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50

break products. This seems to substantiate the idea that the amount of bran
released in the breaking process will directly affect the amount of bran,
and therefore the ash, in the finished flours.

It was hoped that same simple key indicators might appear that would

predict the cumulative ash results, but not one was found.
Protein

By observing the proteins shown in Figures #1, #2 and #3, it will be
noticed that coarse sizings and flour exhibit the highest protein levels of
the released material in all bresks for all tests. The high protein in the
coarse sizings is due to the higher levels of bran included with the endosperm.
The high protein in the flour is due to the separation of interstitial protein
as a result of the breaking process. This protein is probably unattached
and drops thru the fine aperatures of the 10XX. The protein of the inter-
mediate middling and sizings separations exhibit similar protein levels in
no particular order.

With one exception, the flours produced in the coarse and fine sizings
operations wers higher in protein than the next cosrsest separation. Thisg is
also due to a separation of interstitial proteln.

The high production of flour in the middlings reductions covered up any
preferential protein separation by the larger amounts of starchy materials
reduced to flour size.

Tables #8, #9 and #10 show the break streams arranged in order of protein
content. It is very obvious that a general line up of lst break stocks,
ond break stocks and 3rd breai stocks occurs, going from low to high protein
on all tests. This substantiates the findings reported sarlier on the
protein gradient that occurs in wheat. The 1st break is generally tsking

material from the cheek area, 2nd break from the intermediate area and



S=Summation (Lowest Prot

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)

=Quantity (% of Wheat to Pre-Break
Q=Q y (% BREAK RELEASE PRODUGCTS

Type of Wheat

HARD RED WINTER

ein to Highest Protein)

=3t —Anm4

STREAM P Q QxP  |SotQxP | Sofg |3gfOxP

% Protein | % of  [% ofWneat [Cumulative |Cumuletive [Cumulative

FROM TO (14%M.B.} | Wheat x% Protein| Q=xP %% of Whaat |%, Protein
1BK F.M. 9.0 h.6 | L0 | Lhiko L.6 9.00
| 1BK C.M, 9.1 L.2 | .3822 7962 8.8 9.05
1B F.S. 9.3 L.O | .3720 | 1.1682 | 12.8 9.13
2BK . F.M, 9.5 5.0 | L4750 | 1.6L32 | 17.8 9.23
2BK F.S. 9.5 8.8 8360 | 2.h792 | 26.6 9.32
1BK C.S. 9.6 7.9 | +758h | 3.,2376 | 34.5 9,38
1BK Flour 9.7 1.9 JA8L3 | 3.4219 | 36.4 9.40
2BK C.M, 10.2 6.7 6834 | 4.1053 | k3.1 9.53

2BK C.S. 10.6 10.6 [1.1236 | 5.2289 | 53.7 9.74 |
2BK Flour | 10,6 1.8 | ,1908 | 5.,L197 | 55.5 9.77
| 3BK ¥.8. b S 2. | 266l | 5.6861 | 57.9 9.82
38K F.M. 1.3 bolu | 4972 | 6.1833 | 62.3 9,93
3BK C.M. 11.4 5.0 | 5700 | 6.7533 | 67.3 | 10.03
3BK.. Flour | 11.6 1.1 | 1276 | 6.8609 | 68,4 | 10,06
_3BK C.S. 15.8 2,5 | 43950 | 7.2759 | 70.9 | 10.26

TABLE# 8

—

S1



CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)

Type of Wheat

Q=Quantity (% of Wheat to Pre-Break) HAT) SED WONTES
S=Summation ﬁﬁw ;‘?’éﬁ?;ﬁﬁi’:???.ﬁ‘ﬂi,
Y STREAM P Q QxP  [sot@xP | sofq |SQrQXP.
$. o 0 % Protain | % of % ofWheat |Cumulative [Cumulative [Cumulative
A4 ' ' (14%,M.B.) | Wheat % Protain| QxP Yo of Wheat |% Protein
2| 1BK F.M. 9,0 6.8 | .6120 | .6120 6.8 | 9.00
1BK C.M. 9.2 5.9 | .5428 | 1,1548 12,7 | 9.09
1BK F.S. 9.4 6. | L6016 | 1.756ML 19.1| 9.20
1BK Flour 9.6 3.4 | .326L | 2.0828 22,5 | 9.26
1BK C.5. 9.8 | 12,5 |1.2250 | 3.3078 35.0 | 9.45
2BK F.S. 10.4 6.8 | .7072 | 4,0150 1.8 | 9.61
2BK F.M. 10.4 S.i | 5616 | L.5766 47.2 | 9.70
_2BK C.M, 10.7 1.2 | .7704 | 5,3470 Sh.h | 9.83
2BK C.8. 11.0 5.5 6050 | 5,9520 59.9 9.9h
28K Flour by My 1.9 | .2109 | 6,1629 61.8 |  9.97
38K FaS. 11.5 | 1.8 | .2070 | 6.3699 | 63.6 | 10,02
3BK F.M, 11.6 3.8 Lulo8 | 6,8109 67.h ; 10,11
_3BK C.M, 11.6 3.9 | .ho2h | 7.2631 71.3 | 10,19
3IBK Flour 12,0 1,0 | 1200 | 7.3831 72.3 | 10,21
3BK CeSs 15.9 2.3 «3659 | 7.7490 The6 | 10,39

TABLE# 9

s




CUMULATIVE PROTEIN
CALCULATIONS

P=Frotein {14 % Moisture Bagsis)

Wl dvm4

Type of Wheat

'Q=Quantity (% of Wheat to Pre-Break) HARD RED WINTER
S=Summation ALL BREAX RELEASE PRODUCTS
(qu_]e__st to Highest Protein)
STREAM P Q QxP  |SofQxP | Sofq |SgQxP
% Protein % of % of Wheat [Cumulative {Cumuletive [Cumuiative
FROM TO {14%M.B.)| Whaat «% Protein| QxP %% ot Wheat |% Protein
1BK F.M, 9.3 9.7 9021 .9021 9.7 9.30
1BK C.M. 9.5 9.1i L8645 ! 1.7666| 18.8 9.40
_1BK F.S. 9.6 10,4} 998l 2.7650| 29.2 947
1BK Flour 9.8 L8] .W7OL! 3.2354| 3k.0 9.52
1BK C.S. 10.3 13.8| 1.421h | L.6568]| L7.8 9.7h
2BK F.S. 10.8 3.5/ L3780 | 5.0348 51.3 9.81
2BK F.M, 151 2.9] L3219 | 5.3567 5h.2 9.88
2BK C.M, 1.2 3.7] WJhihh) 5.7711 57.9 9.97
2BK Flour 11.h 2 L1026 | 5.8737 58.8 9.99
3BK C.M. 11.7 3.0 .3510! 6.2247 61.8 10,07
3BK F.S. 1.7 1.3] L1521 6.3748 63.1 10,11
3B F.M, 11.8 3.1] .3658 | 6.7Lh26 66,2 10.19
3K | Flour 12.0 1.0 .1200| 6.8626] 67.2 | 10,21
| 2BK C.S. 2.7 3.2]  LO6L | 7.2690 70.4 10.33
3BK C. S, 16.6 1.9] .315L | 7.58Lk| 72.3 | 10.h9

TABLE# 10




Sk

3rd break from the outer or subaleurons area.

The cumulative protein curve of Figure #18 shows a very close relation-
ship between the three tests. At the‘TO% extraction level, Test #3 shows a
10.35% protein, Test #1, 10.20% protein and Test #2, a 10.1L% protein. The
difference between Tests #1 and #2 are not significant. Test #3 shows a
slightly higher level than Tests #1 and #2. If protein recovery is the
objective, the results of Test #3 would be consldered the most desirable,
assuming this protein will end up in the flour.

In Figure #19 the cumulative protein curve as derived from Table #11 is
shown for all of the milled flours. Tests #1 and #3 are practically the same.
Test #2 is considerably lower in protein at all percentages. Again, considering
protein recovery only, Tests #l and #3 would be preferable to Test #2.

There does not seem to be any close relationship between comparative
protein levels in the break release products and the flours produced from
them. The results do suggest that certain break extractions may be more
favorable to protein recovery thsn others.

Tables #12, #13 and #1l4 and Figure #20 are provided to show the almost
inverse relationship of cumulative ash to cumulative protein. When the break
streams are arranged in order of their ascending ash but with protein
percentages used for calculations, the resultant graphs are extremely
irregular with a downward trend until the last very high ash and also high
protein fractions bring the curves upward.

As the literature clted has indicated that the ash and protein gradients
follow each other from low to high as the material is extracted from the inner
to outer endosperm levels, one would expect a better relationsiip. A possible
explanation for the results shown is that the amount of bran in each fraction
masks the gradient in the ash tests due to the higher differences between

pure" endosperm and "pure” bran ash levels. As the protein differential
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CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

Type of Wheat

HARD RED WINTER

S=Summation  FLOURS ONLY

g S TREAM p Q QxP  [SotQxP | Sofq |SOTQXP
$ FROM T0 %a Protein % of  {% ofWheat [Cumulative |Cumulative |Cumuliative
2 {14%M.B.)| Wneat %% Protain| QxP % of Whaat |% Protein

1| 1BK Flour 9.7 1.9 .1843 L1843 | 1.9 9.70

C.M. " 9.7 [ 13.0 [1.2610 | 1.4h53 | 14.9 9.70

C.S. " 9.8 1.2 | L1176 | 1.5629 | 16.1 9.71

F.M, " 9.8 | 27.h4 [2.6852 | h.2h81 | 3.5 9.77

F.S. L 9.9 1.5 | L1485 | 4.3966 | U5.0 9.77

28K ’ 10.6 1.8 1908 | L,587h | 16,8 9.80

1BK " 11.6 1.1 | ,1276 | L,7150 | 47.9 9.8l

2| 1BK Flour 9.6 3.4 | W326L | 3264 | 3.4 9.60

F.M. " 9.6 | 28.5 [2.7360 | 3.062L | 31.9 9.60

C.M. " 9.7 | 12.0 [1.1640 | L.226k | L3.9 9.63

_F.S. " 9.8 2.0 21960 | h.h22h | 45,9 9.63

C.S. " 9.9 1.5 L1485 | 4.5709 | h7.L 9.64

2BK " 1.1 1.9 | .2109 | L.7818 | 9.3 9,70

3BK " 12,0 1.0 | .1200 | 4.9018 | 50.3 9.75

3| F.S. Flour 9.7 1.7 <1649 .1649 1T 9.70

| C.M. " 9.7 | 11,3 |1,0961 | 1,2610 ! 13.0 9,70

F.M, " 9.8 | 28,5 |2,7930 | 4,0540 | 41,5 9,77

1BK " 9.8 he8 | JH70OL | Le5S2hly | Ub.3 9.77

C.S. n 9,8 1.2 | ,1176 | L.6L20 | L7.5 9,77

2BK b 1.4 9 | 22026 | L.7ukS | k8.4 9.80

3IBK " 12.0 1.0 | .1200 | L4.8646 | L9.h 9.85
TABLE# 11
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S=Summation ﬁL BREAK RELEASE PROD
n

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

o 3 HemH
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Type of Wheat
HARD RED WINTER

lative Ash)
STREAM P Q QxP  [SofQxP | SofQ §g§g§-
EROM T0 % Protein % of |% ofWheat [Cumulative [Cumulative [Cumulative
(14%M.B.} | Wheat x% Proteln| QxP % of Wheat |% Prolein
38K F.M, 1.3 b.h 1972 U972 heli 11.30
2BK C.M. 10,2 8.7 6834 | 1.1806 | 11.1 10,64
2BK F.M. 9.5 5.0 4750 | 1.6556 | 16.1 10.28
3BK Flour | 11.6 1.1 1276 | 1.7832 | 17.2 10.36
3BK C.M. 1. 5.0 .5700 | 2.3532 | 22.2 10,60
2BK F.S,. 9,5 8.8 .8360 | 3.1892 | 31.0 10.29
2BK Flour | 10.6 1.8 .1908 | 3.3800 | 32.8 10,30
1BK " | C.M. 9.1 L.2 .3822 | 3.7622 | 37.0 10.17
1BK F.M. 9.0 L.6 JAho | L1762 | L1.6 10.04
1BK Flour 9.7 1.9 1843 | 1.3605 | U3.5 10,02
1 F.S. 9.3 4.0 .3720 | L.7325 | L7.5 9.96
1K Cals 9.6 7.9 L7584 | S5.4909 | 55.4 9.91
3BK F.S. 1.1 2.4 266l | 5.7573 | 57.8 9.96
2BK CuSe 10.6 | 10.6 | 1.1236 | 6.8809 | 68.L 10,06
38K C.S. 15.8 2.5 .3950 | 7.2759 | 70.9 10.26

TABLE# 12
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CUMULATIVE PROTEIN

CALCULATIONS
P=Protein (14 % Moisturs Basis) Type of Wheat
Q=Quantity (% of Wheat to Pre-Break) HARD RED WINTER

ALL BREAK RELEASE PRODUCTS

S=Summation (In Same Order as Cumulative Ash)

=
'Ig' —— Ya PP’°'°5" °/S°f °/oi::hacf :::'ii:lie Cfmjlfo?iva :u:??néie
= FRUM T (14%M.B.) | Wheat |x%Protein| QxP % of Wheat |%% Protain
2| 2BK C.M. 10.7 7.2 JI70L | L7704 7.2 | 10,70
28K F.M. 10.4 S.h 5616 | 1.3332 | 12.6 | 10,58
3BK F.M. 11.6 3.8 108 11,7728 | 16.4 | 10.81
3BK C.M. 1.6 3.9 Ji52l | 2.2252 | 20.3 | 10.96
| 3BK Flour | 12.0 1.0 .1200 | 2,3452 | 21.3 | 11.01
1BK F.M. 9.0 6.8 6120 | 2.9572 | 28.1 | 10.52
1BK Flour 9.6 3.4 0326l | 3.2836 | 31.5 | 10.k42
28K Flour | 11,1 1.9 2109 | 3.4945 | 33.h | 10.L6
| 2BK | F,.S. 10.4 6.8 .7072 | 4.2017 | L0.2 | 10.Lk5
1BK C.M, 9.2 5.9 o528 | L.7hWhS | L6.1 | 10,29
1BK F.S. 9.4 6.4 L.6016| 5.3461 | 52.5 | 10.18
1BK CsSs 9.8 | 12.5 1,2250| 6.,5111 | 65.0 | 10.11
| 3BK F.S. 11.5 1.8 L2070 | 6.7781 | 66.8 | 10.15
2BK CeSe 1.0 5.5 .6050| 7.36831 | 72.3 | 10.21
! 13BK C.S. 15,9 2.3 .3659| 7.7490 | 7h.6 | 10.39

TABLE# 13




S=Summation

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Bcsis)

Q=Quantity (% of Wheat to Pre-Break)
ALL BREAK RELEASE PRODUCTS
(In same order as Curmlative Ash)

Type of Wheat
HARD RED WINTER

W § oM

STREAM P Q QxP  [SofQxP | SofQ §§%%gl

% Protein % of |%ofWheat [Cumulative {Cumulative [Cumuiative

FREM e (14%M.8.) | Wheat {x% Protein| QxP 9% of Wheat |% Protein
2BK C.M. 1.2 3.7 JJilldy | LAkl 3.7 11.20
3BK F.M. 11.8 3.1 .3658 | .7802 6.8 11.47
2BK F.M. 11,1 2.9 .3219 |1.1021 9.7 11.36
1BK F.M. 9.3 9.7 .9021 2,002 | 19.4 10.33
1BK Flour 9.8 1.8 JL704 12,4706 | 2h.2 10.23
1X C.M. 9.5 9.1 .86U5 | 3.3339 33.3 10.01
3BK Flour | 12.0 1.0 .1200 | 3.14591 | 34.3 10,08
1BK F.S. 9.6 | 10.4 2998L 144575 | LhlT 9.97
2BX F.S. 10.8 3.5 .3780 | L4.8355 | LB.2 10.03
2BK Flour | 11.k .9 £1026 | 4.9381 | 19.1 10,06
3B C.M. 11.7 3.0 .3510 [5.,2891 | 52.1 | 10.15
1K &l 10.3 | 13.8 | 1.421) |6.7105 | 65.9 10.18
_3BK F.S 11.7 1.3 1521 | 6.8626 | 67,2 10.21
2BK BiSe 12.7 3.2 108l 17.2690 | 70,4 10.33
3BK 2.5, 16.6 1.9 +315Y | 7.584h | 72.3 10.49

TABLE# 1y
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between "pure" endosperm and "pure" bran is not so great, the internal
gradient is distinguishable and not distorted to a great extent by the
presence of bran in the endosperm material.

The protein content of a flour has a direct relationship to its gluten
gtrength. Generally speaking, the higher the protein content of a flour,
the greater will be its gluten or dough strength.

In many cases a mill is obliged to make flours having a2 wide range of
protein contents for such wide-ranging products as czkes, cookies, dom;ts 3
crackers, biscuit, all purpose, pan bread, buns and hearth bread. The
availability of wheats having the necessary protein spreads may not be
economically acceptable. It is, therefore, of some importance to produce
the widest spread of proteins from the cormmon wheats readily available at an
acceptable price. The air classification of flours is one method to produce
a wide range of flour proteins from one protein wheat. This involves
shifting the protein by air currents as the protein has different aerodynamic
properties than the starch. Another approsch is to make stream selections
in the flour mill that take advantage of the natural difference in protein
content of the flours produced at each milling point. This protelin difference
reflects back on the gradient within the wheat berry as found by Madfasters,
et al. Those mills desiring this type of protein spreading may want to take
better advantage of stock selections within the flow sheet to maximize the
spread in flour proteins.

Without regard to quantities, the differences in proteins can be
appreciated by the following comparisans:



Stock From
To 1 BK %

s 9
™ 9
™ 9.
Flour g

Protein Spreads
Break Release Products
Hard Red Winter Wheat

Test #1

From

63

JEK % Maximum Difference %

15.8
11.1
11.4
11.3
11.6

Tast #2

15.9
11.5
11.6
11.6
12.0

Test #3

16.6
11.7
11.7
1.8
12.0

. L ] [ ] L]
EOoEHE

NN NN O

-

This array shows that protein can be spread thru selective use of break

releases. The flour protein spreads obtained indlcate that this protein

difference finds its way to the flour.

Hard Red Spring "heat

Figures #21, #22 and #23 show the flow sheets and test results for this

class of wheat. The break extractions and releases used are reswmmarized below.

Test # DBreak Releases

% Release

1BK 2BK 3BK
1 25.4 L42.0 35.9
2 36.1 39.9 30.6

3 L6.7 28.8

28.7

and

Extractions
¢ Extraction
1BK 2BK  1BK+2BK 3K 1 + 2 + 3 BK Tot
25.4 31.3  56.7 15.5 72.2
36,1 25.5 6l.6 11.8 73.4
b6.7 15.4 62.1 10.9 73.0
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FLOW SHEET
BREAKS
Type of Wheay ZARD RED SPRING
Pre-Break Test Number ___ 1
° .
gqogh s st - Yo Rezlgeﬁse Yo Extr ction
e R —
st Break
9"x6" 2 1/2:1 % %% %o %
12/12 Getchell D:D RELEASE |EXTRACTION| PROTEIN ASH
<DLy »2nd Break s — 14.8 1.83
Gl = Coarse Sizings 10.k4 10.4 1.5 «66
SN Eine Stzings 4.3 he3 11.5 .58
?::S —=~ Coarse Middlings 3.6 3.6 12.0 052
L —= Fine Middlings L.8 L.8 12.9 52
I 2; 2. 15.7 54
TOTAL rlour .2?-% 25.4
2nd Break
9x6 2!/2:1
f |2/14 Getchell D:D
201w 3rd Break e - 16.3 2.6k
EOLR e Coarse Sizings 16.7 12.5 12.2 »90
40LwW > Fine Sizings 10.8 8.1 12.0 <16
89SS | . coarse Middlings | 6.5 4.8 12.7 Uk
LRS- Fine Middlings 5.6 L.l 13.4 Uk
= Flour 2 _}_.é 15.6_ 95‘2
TOTAL -0 31.3
3rd Break
9 x6 21/24
f 16/16 Getchell D:D
9 LW > Feed ———— — 16.9 3.57
£ ot > Coarse Sizings 8.0 3.5 15.L 2.4,
L Fine Sizings 7.5 3.2 12.9 .72
S9/S2 > Coarse Middlings 9.8 b.2 13.6 .13
LE. 1 Fine Middlings 8.0 3.5 1h.6 112
—— Flour 2.6 12 16.9 .18
TOTAL . .

21
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FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat HARD RED SPRING

gﬁ?;';:e Sizings Test Number __1
1] i} (-] 9 o/
gx6 11/2:) REL?ASE EXTRZCTION PRO{".EM AS?-I
_20 LW | o Top Scalp 7.0 1.0_ 18.8 3.24
28 LW ~ Bottom Scalp 17.4L 4.6 15.0 2,62
;gls-: - Fine Sizings 10,3 2.7 1.1 | 10
x| Coarse Middtings 2L.8 6.5 10.9 -39
—» Fine Middlings 3.6 9.0 | 1.3 | .3
. F]our ?OO 1.8 1205 .39
Total 100.0 26.L 12.4 9L
Fine Sizings
Smooth
gﬂx 6” ] |/.2:‘
28LW
Lw > Top Scalp 5.1 Quit N
oxXx Coarse Middlings 18.8 3.k 11‘2 1.L0
= Fine Middlings 56.6 10.4 11. .33
| . Flour 8.9 1.6 12.5 37
Total 100.0 18.3 11.9 .89
Coarse Middlings
Smooth
9"x€" | I/2:1
Zg;: = Top Scalp 3 B T T
—» Fine Middlings Sh.7 12.3 1. -3
Total 100.0 22.5 11.9 47
Fine Middlings
Smooth
9"x6" | 1/2:|
60SS | . 0.8 85 | sewe | eem
= Top Scalp .
OXX 1 o Bottom Scalp L2.8 18,9 12,5 oL
> Elouf 56, 2h.9 R add

Fig. #21



FLOW SHEET
BREAKS
Type of Wheat HARD RED SPRING
Pre-Break Test Number 2
% ggleggg % gxfrgcﬁon
gﬂligrhllfa:l Ist Break . .
2nd Break 25,5
3rd Break . 1.7
Ist Break ;
9'x6" 2 1/2: % % % %
12/12 Getchell D:D L RELEASE 1EXTRACTION]| PROTEIN ASH
=U L »=2nd Break i e 15.0 2.05
28 LW
20 LW —-Coarse Sizings .}y .k 1.5 .69
60SS > Fine Sizings 6.6 6.6 11.5 59
10 XX = Coarse Middlings 5.3 5.3 11.9 +59
> Fine Middlings 6.4 6els 12,9 .52
-'—--—ﬁ' Flour 2.& zcg 15-0 053
JOTAL 36. 36.
f 2nd Break
9x6 21/2:1
12/14 Getchell D:D
22 IL__:: - 3rd Break — - | 39 | 287
aoLw | Coarse Sizings 1.k 9.2 13.2 L.12
GOSS > Fine Sizings 10.5 6.7 12.0 «50
10 XX » Coarse Middlings | 7.0 L.5 12.8 L6
> Fine Middlings 5.8 3.7 13.5 L6
tee—— Flour 2.2 1l.h 16.6 52
39.9 25.5
3rd Break
9"xe" 21/2
16/16 Getchell D:D
20LW | — — | 16.8 3.73
42%3 ::x > Coarse Sizings 7.4 2.8 15.8 2.52
s0ss | Fine Sizings 5.9 2.3 12.9 .83
0 Xx » Codrse Middlings 8.2 3.2 13.7 ohé
-+ Fine Middlings 6.9 2.6 1.8 b
TOTAL 30.6 11,7

Fig. 22



FLOW SHEET
SIZINGS AND REDUCTIONS

Coarse Sizings

Type cf /Wheat JARD RED SPRING

oot Test Number 2
moo 9 %
gx6 11/2:] RE1L_‘I£.A§E_§XTR:/ET10N : Pnoécsm ASH
20LW ! | 1op Scalp 7.0 2.2 13.5 3.22
40l — Fine Sizings 1.3 30 10.9 -66
60 SS ‘ 28.8 7.6 11.0 .38
oxx 1 Coarse Middiings 6 1.5 33
~ Fine Middlings 20 1- . -
b Flour 2.7 A5 13.3 k0
Fine Sizings
Smooth
9"x6" 11/2:
28 LW B0 1.0 ———— ————
+ Top Scalp *
A X 2.22
oLw » Bottom Scalp 1.9 2.0 gk
60SS ¢ Middli 20.1 3.7 1142 1,10
o | r__f’"’;‘d;r R mae 10.4 11.6 o
» Fine Middlings 8 > - .36
- FlOur S e
Toted 100,0 18.6 11.6 .78
Coarse Middiings
Smooth
9"x6" 1 1/2:1
40 LW 3,3 .8 m———" s
Top Scal
6958 .:B :t m Spcal 9:5 242 deels - faiD
T e A 57.0 13.8 11.8 .35
» Fine Middlings
Total 100.0 242 12.0 )
Fine Middlings
Smooth e
9"x86" I 1/2:1
GO SS - 07 .3 i vl m———
» Top Scal
oxXX | Boftcm s:anp g. | 23.3 T Y
- Flour 6.9 20.2 12.2 231
Total - 100.0 L5 12.3 .36

Fig. #22




FLOW SHEET

BREAKS
Type of Wheat HARD RED SPRING
Pre-Break Test Number 3
Smooth Rele traction
" " : Ist Break
9x6 11/2:] 2ndBred&§3ﬁ_{i @
3rd Break___2 10,9
Ist Break ;
9 x6 2 1/2: % % % %
12/12 Getchell D:D LRELEASE JEXTRACTION] PROTEIN ASH
:g t: =2nd Break e ———— 15,2 2.33
= Coarse Sizings 17.2 17.2 1.6 76
40 LW ) ..
50SS = Fine Sizings 9.6 9.6 1.7 .53
x| Coarse Middlings | 7k 7.k 12.1 .51
= Fine Middlings 8.4 8.4 12.6 47
EEa— Flour ol ol 15-9 OhB
IOTAL . .
7 2nd Break
9x6 21/2:]

12/14 Getchall D:D

200w | 3rd Break — ——— 16,5 3.04
:g t: = Coarse Sizings 10.4 L 14,1 .21
o - Fine Sizings T.h4 3.9 12,3 L9
10 XX —- Coarse Middlings | 5.2 2.8 13.2 .
'—- Fine Middlings L.3 2.3 U1 118
e . . 5 .
TOTAL Flour 5%_._3_ TB’% 17.0 55
3rd Break |
9 x6 2l1/2:
f 16/16 Getchell D:D
£0 L¢ = Feed — —— 16,7 3.77
ig t:: >~ Coarse Sizings 72 | 2.7 | w2 | a2
60 SS = Fine Sizings 5.3 ) 2.0 13,2 +96
> Coarse Middlings 7.0 2.7 13.9 47
0 %%l & Fine Middlings 6.8 2.6 15.0 U5
= Flour 2. 9 17.6 A7
TOTAL ‘2-5_.% 10,

—.5. 21
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FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat_HARD RED SPRING

Coarse Sizings Test Number 3
S.’?'O.‘."h % % %% °/°
9x6 11/2:1 RELEASE _EXTRACTION PROTEIN ASH
20LW | | 100 scalp 8.0 | 2.0 | 1.9 | 3.1
2BLW | o Bottom Scalp 18.3 h.6 15.1 | 2.72
:gls.\: - Fine Sizings 10.2 2.6 11.4 1.00
10 XX -+ Coarse Middlings 2k.3 6.1 10.3 .36
—~ Fine Middlings 33.0 8.4 11.5 «32
Total 100,0 25.3 12.7 i I
Fine Sizings
Srpoolt'h
9"x6" 1 1/2:
28 LW 5.7 ———— ——
20LW > Top Scalp . .
o XX Coarse Middlings 20,5 3.7 1L L7
> Fine Middlings 5k.1 9.8 1.9 «30
b Fiour 8.1 1.5 12.9 .34
Total 100.0 8.1 | 12,2 $61
066 Coarse Middlings
S.r'noo’!h
9'x6 Ii/2:
10LW] _ 1op scap I R e
—~ Fine Middlings S8 1 124 wind B
| Flour 2.1 7.3 12.2 31
Total 100.0 22.7 12.1 16
Fine Middlings
Smcol}i 1adiings,
9"x6" 1 1/72:1
E;g is)( = Top Scalp 1.0 o T -
r- Bottom ch|p h9-3 21-6 120’4 -hz
. Flour @o? 2109 12-2 .30
Total 100.0 3.9 12.3 «36

Fig. #23
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Granulatlion Serles

As with the Hard Red Winter wheal tests, the break extractions
chosen repraesent the extraction ranges one would expect to see in commercial
milling,

First Break

Figure #2l shows the accummlative granulation curves for each lst break
release of 25.4%, 36.1% and 46.7%. These curves are cbtained from the amount
of material retained on each sleve size., The screen openings ars indicated
on the ordinate at the same micron openings reported for Hard Red Winter
wheat. By interpolation, the amount of material that would be retained at
any level of extraction between 46.7% and 25.4% can be determined.

The granulations are not linear, The rate of increase between 1050
microns and 716 microns decreases slightly betwsen 716 microns and 130
microns and then decreases again from 130 microns to pan or blank.

Figure #25 shows the close granular relationship of the relsased {-20LW)
material.in all thres tests over a wide release range (25.4% to 1b.7%).

The slight increase of material thru the 28LW can be atitributed to the
crushing action of the closer roll gap used to obtain the higher release rate.
The no=-load roll gap setiings for the three tests were ,025", ,019" and

016" for Teats #1, #2 and #3, respectively. These curves are called base-
line granularity curves. (See Hard Red Winter wheat).

Second Break

Figure #26 shows the accwmlative percent overs for 2nd break. The
rate of accmmlation is fairly uniform from 1050 Microns to 316 microns.
A 8light decrease in rate is noted from 316 microns to 130 microns and an

additional decrease in the flour protion from 130 microns down. The two
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Th
break settings of 39.9% and 42.0% show very similar curves despite the

difference in in-feed material of 10.7% less wheat berry for Test #2.

Figure #27 indlcates some differences in the gramularity of the three
releases (-20LW)., There is no apparent explanation for these differences.
The no-load roll gap settings wers .0l4", ,0125" and .010" for Tests #1,

#2 and #3, respectively. |
Third Break _

Figure #28 indicates the increasingly fine material produced by the
finer, more numerous corrugations cn the 3rd break roll. There is a distinct
increase in the rate of accumulaticon between 471 microns and 130 microns
with a decrease in the flour rangs.

Figure #29 shows a great similarity in the granulation sizes of the
release material. (=20LW). The increase in material thru the 28LW may
:Lndicate a crushing effect. The no-load roll gaps used wers .009",

L008" and .008" for Tests #1, #2 and #3 respectively. The crushing action
would have occurred due to a greater thickness of material in the feed
stock to Test #1. Test #1 received 43.3% of the wheat berry compared to 38.L43
and 37.9% on Tests #2 and #3.

Material Balances

The camplete material balances for the three Hard Red Spring tests are
presented in Figures #30, #31 and #32.

Comparative Quantities

For emphasis on the change in stock quantitiss produced with different

break extractions, the Figures #33, #34 and #35 are given.
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8l
Ash Content

Figures #21, #22 and #23 given previously show the manner in which ash,
as a percentage of each product, changes thruout the flow.

The increass in ash of the scalps as endosperm is removed is typified in
the 1.83% ash of scalp to 2nd break and the 3.57% ash of scalp to feed
(or, in commercial mills, to Lth break) for Test #l. This material cames
fram the original whole wheat ash of 1l..45%.

The same general trend of decreasing ash with decreasing fineness that
was noted previocusly can be observed here.

The same exception of a higher ash content in the break and sizings
nours than in the next coarssest group is also seen.

Tables #15, #16 and #17 show each break stream aligned in order of
asrcand:!.ng ash content. The high ash shown by 3rd break coarse sizings in each
test is a combination of bran content and subaleurone high ash endosperm.

The appearance of fine middlings from 3rd break as the lowest ash stream
does not have a loglcal explanation. As this break is working on the
supposedly higher ash material close to the bran, it would be expected that
all 3rd break material might be higher in ash than lst and 2nd break. The
ash jumps quite rapidly in 3rd break going from coarse mlddlings to fine
sizings.

Figure #36 shows the plotted results of cumulative ash for all break
release products. Assuming again that the lowest ash result may be the most
desirable situation, it can be seen that Test #l would have first raniing.
Tests #2 and #3 show very similar final ash figures.

Table #18 shows the seven flour streams aligned in order of ascending
ash content. The middlings flours are the lowest progressing upwards thru

the sizings to the breaks.



A=zAsh (14%

CUMULATIVE ASH
CALCULATIONS

Moisture Basis)

Q=Quantity (% of Wheat to Pre-Break)

S=Summation

BREAK RELEASE PRODUCTS

-

iype of Wheat

HARD RED SPRING

- oM

STREAM A Q QxA |SofQxA | Sof Q %i(%%ﬁ
% Ash % of |% of Wheat [Cumulative | Cumulative | Cumulative
FROM 10 (14% M.B)| Wheat x % Ash CxA 94 ot Wheat| % of Ash
3BK F.M, L2 3.5 LOLY7 | Louy7 3.5 | 420
IBK CM. i3 b2 0181 | .0328 N 1126
2BK C.M. Jdh LB .0212 0540 12,5 132
28K F.M. AL | Lo | L0180 | L0720 | 16.6 | JL3h
2BK F.S. 46 8.1 «0373 | L1093 | 247 | Jhh3
3BK Flour | L8 1.1 .0053 L1146 | 25.8 | Jhidy
| 2BK Flour 52 | 1.8 009 | L1240 | 27,6 e |
1BK C.M. .52 1,8 0250 | L1490 | 32.h4 | .L6O
1BK F.M. v52 3.6 .0186 1676 | 36.0 | b
1BK Flour | .5 2.3 L0124 | L1800 | 38.3 470
1BK F.S. .58 4.3 L0209 | L2049 | h2.6 | JuB1
1BK C.S. 66 | 10.4 L0686 | .2735 | 53,0 | ,516
3BK il 72 3.2 0230 | .2965 | 56.2 528
2BK CeSe. .90 | 12.5 ,1125 | k090 | 68.7 | .59%
3BK CsSs 2.l 3.5 0854 99 | 72.2 585

TABLE # 15

85



A=Ash (14 %

CUMULATIVE ASH
CALCULATIONS

Moisture Basis)

Q=Quaoantity (% of Wheat to Pre-Break)
S=Summation BREAK RELEASE PRODUCTS

86

Type of Wheat
HARD RED SPRING

2| sTREaM A Q QxA  |sofaxa | sofq |2HEXA
% EROM - % Ash % of |% of Wheat |Cumulative | Cumulative | Cumulative
2 (149 M.B)| Wheat |x % Ash Qx A % ot Wheat| % of Ash |
2| 3BK F.M. N 2.6 L011 | ,011) 2.6 | Jlho
3BK C.M. ) 3.2 L0147 0261 5.8 450
2BK CM. b h.5 .0207 LOh68 | 10.3 LSk
2BK F.M. o116 3.7 .0170 .0638 1L.0 1156
2BK F.S. .50 6.7 .0335 | .0973 20.7 170
IBK Flour | .50 .8 0040 | ,1013 | 21,5 | .h71
2BK Flour | .52 1o 0073 L1086 | 22.9 L7h
1BK F.M. .52 6.1y +0333 019 | 29,3 | JLBh
1BK Flour | .53 3.4 0180 | .1599 | 32.7 1189
1BK F.S. .59 6.6 03689 | ,1988 | 39,3 | ,506
1BK C.M, +59 5.3 0313 22301 | Lh,6 | 516
| 1B CeSe «69 | 1L 099h | .3295 | 59,0 | .558
3BK Fu3s .83 243 0191 | L3486 | 61.3 .569
2BK Co 8. 1,12 9.2 21030 | U516 | 70.5 | .6l
3BK C.5, 2.52 2.8 .0706 .5222 7343 .712

TABLE # _16




A=zAsh {14% Moisture Bcsis)

CUMULATIVE ASH
CALCULATIONS

Q=Quantity (% of Wheat to Pre-Break)

S=Summation

BREAK RELEASE PRODUCTS

Type of Wheat

HARD RED

SPRING

W Som—

STREAM A Q QxA |SofQxA | SofQ '%f—f%&

% Ash % of |% of Wheat|Cumulative | Cumulative | Cumulative

FROM TO (149 M.8)| Wheat x % Ash QxA %G of Wheat| %% of Ash
3BK F.M. o115 2.6 .0117 L0117 | 2,6 | 150
3BK C.M. 47 2.7 0127 .02LL 5.3 160
3BK Flour U7 9 .00l2 .0286 6.2 161
1BK F.M, U7 8.4 0395 | L0681l | 1.6 | .Lb6
1BK Flour | L8 4,1 0197 .0878 18.7 1170
2BK F.M, .48 2.3 ,0110 | ,0988 21,0 | .L70
2BK C.M. <48 2.8 013 | L1125 | 23.8 U473
2BK F.S. 19 3.9 .0191 L1316 | 27.7 L75
1BK C.M. .51 Tl 0377 »1693 | 35.1 | .L82
1BK F.S. +53 9.6 0509 22202 | Wh.7 | .L93
2BK Flour | .55 9 L0050 | ,2252 | L5.6 | Lok
1BK C.S. 76 | 17.2 21307 | L3559 | 62.8 567
3BK F.Se .96 2.0 0192 23751 | 6li.8 519
2BK C.3. 1.21 S.ly 0653 JUliOl | 70.2 627
3BK £s3e 2.7 2.7 LO07LO | W51y | T72.9 .706

TABLE # _17

87
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A=Ash “40/0

Moisture Basis)

CUMULATIVE ASH
CALCULATIONS

Q=Quantity (% of Wheat to Pre-Break)

89

Type of Wheat
HARD RED SPRING

S=Summation FLOURS ONLY
;:Sr STREAM A Q QXA |SofQxA | SofQ 5%%%"5‘3-
T| FrROM 10 % Ash % of |% of Wheat|Cumulative | Cumulative |Cumulative
pn (14% M.B)] ‘Wheat |[x % Ash QxA % of Wheat{ % of Ash
1, F.M. Flour | .31 2h.9 | L0772 0772 2h.9 | .310
C.M, " a3l 7.5 | 0233 .1005 32.h | .310
F.S. I 37 1.6 | .0059 .106) 34.0 | 4313
CeSs It .39 1.8 .0070 L1134 35.8 | 317
3BK " 18 1.1 | .0053 «1187 36.9 | <322
2BK " .52 ; BoB 0094 | L1281 38.7 | 331
1BK " o5l 2.3 012h | 1405 L1.0 | .3L2
2| F.M, Flour | .31 20.9 | .O6h8 | .06L8 20,9 | .310
C.M. i «32 Te3 .023L .0882 28.2 | .313
F.M. " .36 1.5 | 0054 | .0932 29.7 | 314
C.S. " .40 1.5 0060 | .0992 3.2 | .318
3BK n .50 .8 L0040 | .1032 32.0 | .323
28K " .52 1. | .0073 .1105 33.4 | .335
1BK " .53 3.4 | L0180 | .1285 36.8 | .3L9
3| F.M, Flour | .31 21.8 L0676 | .0676 21,8 | .310
C.M. " .31 7.3 .0226 | .0902 29.1 | .310
F.S. " 34 1.5 .0051 | .0953 30.6 | .311
B.8a " .37 1.6 | .0059 | .1012 32.2 | 314
3BK u U7 9 .00h2 .105L 33.1 | .318
1BK n . 148 L.l | .0197 .1251 37.2 | .336
2BK n .55 .9 0050 1301 38.2 | J341
TABLE # _18




90
Figure #37 shows the cumulative ash curves cbtained on the flours. A

more defined separation in ash content occurs here than with the break
release products. Test #1 is the lowest ash setting as it was in the break
release comparison. Test #3 shows a well separated improvement over Test #2.

The overall preference for the tests performed as regards the production

of low ash flours is:
Test 71 - Best
Test #3 - Next Best
Test #2 - Worst

This is not the same order as found with Winter wheat.

In this wheat cl-ss there did appear a possible key to predicting
quickly the best break extraction for producing low ash products. This is
the actual ash obtained when all cosrse sizings products are added. The
numbers shows in the QYA column of Tables #15, #16 and #17 are used.

Total QXA for coarse sizings:

Test #1 - .2665
Test #3 = .2700
Test #2 - 2730

This is in the same order as the cumulative ash tests indicated earlier.
Protein Content

Figures #21, #22 and #23 are again referred to for observation of the
snner in which protein is split.
The break scalps exhibit the high proteins expected. It is interesting
to note the high protein of 3rd break co~rse sizings. This would indicate a

protein concentration in this material that might be explored for those
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desiring a wide spread in protein contents. The break and sizings flours
exhibit an even more pronounced shifting of protein in the flours than weas
observed 1n the winter wheat. This would seem logical in the light of a
higher protein wheat in Spring and a likelihood that interstitial protein
would, in turn, be higher in quantity than in Winter.

Tables #19, #20 and #21 show each bresk release product aligned in
order of ascending protein.

The very distinctive groupings of 1lst break preoducts with lower pro=-
teins, 2nd break products with mid-range proteins and 3rd break products with
higher protein contents are noticeable. The wide range of protein contents
is also noticeable and should be of interest to those desiring wider protein
gpreads in the finlshed flours.

Figure #38 shows graphically the cumulative protein results. Test #3
indicates a higher range thruout the curve length than tests #1 and #2.

Table 422 shows the seven flours produced on each test in ascending
ordar. of protein content.

Figure #39 shows the cumulative flour protein curves for each test.

Testa #1 and #3 gave higher protein results than Test #2.

These protein results indicate that it is possible to manipulate
milled product protein contents by varying the brsak extractions.

Soft White Spring

Figuares #LO, #41 and #L2 show the flow and test results for three
geparate millings of Soft White Spring.
The Break Release and Extraction Schedule from Tables #2 and #3 are

shown below.



S=Summation

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

BREAK RELEASE PR DUCTS

93

Type of Wheat
HARD RED SPRING

g STREAM p Q QxP  Sot@xP | sofq |SQLQP
?’ FF\’lOM 0 %a Protein % of  |% ofWneat |Cumulative |Cumulotive [Cumulative
# (14%M.B.)| Wheat 2% Protain| QxP % of Wheat |% Protein
1| 1BK C.S. 1.5 | 10.4 |1.1960 | 1.1960 | 10.4 | 11.50
| 1BK F.S. 11,5 be3 | o49k5 | 1.6905 | 14,7 | 11,50
| 18K C.M. 12.0 3.6 | JU320 |2,1225 | 18.3 | 11.60
2BK .S, 12.0 8.1 | .9720 | 3.0945 | 26.h4 | 11.72
2BK Cs3a 12,2 12.5 [1.5250 | L4.6195 | 38,9 | 11.88
2BK C.M. 12.7 4.8 6096 | 5.2291 | 3.7 11.97
1BK F.M. 12.9 4.8 .6192 | 5.8L83 | LB.5 | 12,06
| 3K _F.3 12.9 3.2 | 128 | 6.2611 | 51.7 | 12.11
| 2BK F.M. 13.4 bl | 5994 | 6.8105 | 55.8 | 12.21
_3BK C.M. 13.6 b2 5712 | 7.3817 | 60.0 | 12.30
| 3BK F.M. 1.6 3.5 | .5110 | 7.8927 | 63.5 | 12.h3
3BK Bl 15.4 3.5 | 5390 | 8,4317 | 67.0 | 12.58
1BK Flour 15.7 2.3 3611 | 8,7928 69.3 12,69
2BK Flour | 16.6 1.8 | .2988 | 9.0916 | 71.1 | 12.79
3BK Flour | 15.9 1.1 | L1859 | 9.2775 | 72.2 | 12.85

TABLE# 19




CUMULATIVE PROTEIN
CALCULATIONS

P=Protein {14 % Moisture Basis)

Type of Wheat

oL

Q=Quantity {% of Wheat to Pre-Break) Hard Red Spring

S=Summation

o STREAM P Q QxP  [SotQxP | Sofq |SYLOXE

?- — o %o Protein % of |% ofWheat [Cumulative [Cumulative |Cumulative

A (149%M.B.) | Whast x% Protein] QxP % of Wheat |% Protein

2| 1 BK o b | 1bk 11.5 | 1.6560 | 1.6500 | 11.50
1 BX F.S. 6.6 | 21.0 11.5 .7590 | 2.4150 | 11.50
1 B C.M. 5:3 26.3 11.9 .6307 | 3.0457 | 11.58
2 BK F.S. 6.7 | 33.0 12.0 8040 | 3.8L97 | 11.67
2 BK G, Lh.5 | 37.5 12,8 5760 | L.L257 11.80
1 BK F.M. 6. | 3.9 12,9 .8256 | 5.2513 11.96
3 BK F.S. 2.3 L6.2 12.9 .2967 | 5.5Lk80 | 12.01
2 BX Cadle 9.2 | 55.h 13.2 | 1.214) | 6.762L | 12.21
2 BX F.M, 3.7 | 5%9.1 13.5 | .U4995 | 7.2619 | 12.29
3 BX C.M, 3.2 | 62.3 13.7 438 | 7.7003 | 12.36
3 BK F.M. 2.6 | 6L.9 14.8 .3848 | 8.0851 | 12.L6
1 BK Flour 3.4 | 68.3 15.0 | .5100 | 8.5951 | 12.58
3 BK CeS. 2.8 | 71.1 15.8 L4h2l | 9.0375 | 12.71
2 BK Flour 1.4 | 72.5 16,6 | .232h | 9.2699 | 12.79
3 BK Flour ) 73.5 1743 1384 | 9.4083 12,84

TABLE# 20

[




S=Summation

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein {14 % Moisture Basis)

Q=Quantity (% of Wheat to Pre-Break)
BREAK RELEASE PRODUCTS

95

Type of Wheat
_HARD RED SPRING

w :u: M4

STREAM P Q QxP  [Sof QxP | SofQ ngocf”ép
% Protein 9% of % of Wheat |Cumulative [Cumulative |Cumulative

FRIOH TO (149%M.B.}) | Wheat 1% Protein] Q=xP % of Wheat % Pratein
18K CeS. | 11,6/ 17.2 11,9952 | 1,9952 | 17.2 | 11,60
18K F.S. .70 9.6 11,1232 | 3,118 | 26.8 | 11,64
1BK C.M. 12, 7.4 | 8954 | 4.0138 | 3k.2 | 11.7h
2BK F.S. 12.3] 3.9 | .L797 | L. h935 | 38,1 | 11.79
1B F.M. 12,6 8.4 [1.0584 | 5.5519 | L6.5 | 11.94
2BK C.M. 13,2 2.8 | .3696 | 5.9215 | 49.3 | 12.01
3BK F.S. 13.2] 2,0 | 2640 | 6.1855 | 51.3 | 12.06

3BK C.M, 13.9] 2.7 | .3753 | 6.5608 | 5Sh.,0 | 12.1

2BK CaSe .Y  S.k | L761k | 7.3222 | 59.4 | 12.33
28K F.M, Ul 2.3 23243 | 7.6L465 | 61.7 | 12.39
3BK F.M, 15,00 2.6 | .3900 | B.0365 | 6h.3 | 12.50
1BK Flour 15.9] L.l | 6519 | 8.688L | 6B.L | 12.70
2BK Flour 17.0 .9 .1530 | 8,841l | 69.3 | 12.76
3BK €3 17.2 2.7 +Lblly | 9.3058 72.0 | 12.92
3BK Flour 17.6 .9 2158L | 9.46k2 | 72.9 | 12.98

TABLE# 21
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CUMULATIVE PROTEIN
CALCULATIONS

P=Protein {14% Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

97

Type of Wheat
HARD RED SPRING

S=Summation FLOUR ONLY
gl sTrReam P Q QxP  [SotQxP | sofq |SgQxP.
:[s. - ro 9 Pratein % of  [% ofWheat [Cumulative |Cumulative |Cumulative
£ (14% M.B.) | Wheat |x% Protain| QxP % of Wheat |9% Protein
1| C.M. Flour 1.9 | 7.5 .8925 | .B8925 7.5 | 11.90
F.M. 0 12,1 | 249  |3.0129 | 3.905h | 32.L 12,05
C.S. " 2 - 0 N e 2178 | 4.1232 | 3h.2 12.06
F.5. " 12.5 | 1.6 42000 | h.3232 | 35.8 12,08
1BK n 15.7 | 2.3 3611 | L.6BL3 | 3B.1 12.29
2BK i 16.6 1.8 .2988 | 4.9831 39.9 12,49
| 38K " 16,9 | 1.1 .1859 | 5.1690 | 1.0 12,61
2| F.M. | Flour 12,2 | 20.9 |2.5498 | 2.5498 | 20.9 12,20
C.M. _~ 12.2 | 7.3 8906 | 3.LhOL | 28.2 | 12.20
F.S. " 12,6 | 1.5 1890 | 3.6294 | 29.7 12.22
CeS. " 13.3 | 1.5 «1995 | 3.8289 | 31.2 12.27
1BK " 15,0 | 3. | .5100 | L,3389 | 34.6 12,5
| 2BK " 16.6 | 1.h 232 | 45713 | 36.0 12,70
3BK " 17.3 .8 J1384 | L.7097 | 36.8 12.80
3| F.M. | Flour 12,2 | 21,8 12,6596 | 2.6596 | 21.8 12,20
C.M. " 12.2 | 7.3 8906 | 3.5502 | 29.1 12.20
F.S. " 12,9 1.5 «1935 | 3.7437 30.6 12.23
G5 8 13.0 | 1.6 .2080 | 3.9L87 | 32.2 12.26
1BK " 15.9 | L.l 6519 | L6006 | 36.3 12.67
2BK " 17.0 .9 .1530 | 4.7536 | 36.9 12.88
3K " 17.6 .9 .158L | L.9120 | 37.8 12.99
TABLE# 22
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FLOW SHEET

99

BREAKS
Type of Wheat__Soft White Spring
Pre-Break Test Number __ 1
gmxogfh e st Breck&%g_‘lij_u_’/ 2:ti'r tion
S Breg—ar 153
Ist Break
9"x6" 217211 % % % Yo
12/12 Getchell D:D | RELEASE EXTRACTION]| PROTEIN ASH
20 LW »2nd Break =< - 12.3 191
il > Coarse Sizings 8.5 8.5 8.2 .60
PO LW e Eing Sizings 5.0 5.0 7.6 42
?::f = Coarse Middlings 5.1 5.1 746 .36
> Fine Middlings 6.3 6.3 8.0 .33
—— Flour 25 3.5 6.8 .33
JOTAL 28,1 28,1
2nd Break
9'x6" 21/2:1
f 12/14 Getchell D:D
EDEW » 3rd Break S o 13.6 2,82
oo > Coarse Sizings 8.5 6.1 10.9 l.21
it > Fine Sizings 9.1 6.5 8.9 .38
89SS | . coarse Middlings | 9-3 6.7 9.2 .32
&% - Fine Middlings 2.1 6.1 8.9 31
t—— Flour 4.0 2.9 7.4 .32
TOTAL 140.0 28.6
3rd Break
9 x6 2l/2:
46 16/16 Getchell D:D
EOLY J o Feed = s 15.2 3.12
b F L. Coarse Sizings 6.9 3.0 15.8 2.12
aoLw = Fine Sizings 3.6 1.5 12,4 1.L9
50 93 & Coarse Middlings 7.0 3.0 11.2 58
LR NP Middlings 13.5 5.8 11.8 .36
— Flour ol 2.8 10.0 37
JOTAL 37.4 16.1



FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat_ SOFT WHITE SPRING
Test Number L

Coarse Sizings

100

Sn‘!oeih % % % %
9xe 11/2: RELEASE rgmnc‘r:ou PROTEIN ASH
SOLW | o 1op Scalp w8 | 21 | Wk | 3o
28LW | Bottom Scalp 28.‘0 h.9 | 9.7 2.42
28 ;: —e~ Fine Sizings 13.5 2.4 7.8 -3
530 Coorse Middlings 22.9 h.0 7.8 -3k
> Fine Middlings 19.1 3.4 8.2 34
. Flour L7 .8 Tk 230
Total 100.0 17.6 9.2 1,37
Fine Sizings
Sqmo}t‘h
9"x6" 11721
28LW
Siw Top Scalp 6.2 4
oo Coarse Middlings 197 3.0 8.8 57
— Fine Middlings LBk 7.6 8.5 .26
~ Flour 10.7 1.6 6.8 .28
Total 100.0 15.1 9.1 Sl
Coarse Middlings
Smogth
9'x6" 11/2:
Zg ;: —= Top Scalp 2.9 -6
toxx - Bof?om sCulp 909 2.2 10.3 1.10
— Fine Middlings 0.8 | 1.1 9.6 .29
| . Flour 36'L'- 709 Tth o25
Total 100,0 21,8 8.9 .38
Fine Middlings
Smoot.h
9"x6" I 1/2:1
8055 1 rop scalp e B I
—— Bottom Scalp 62.0 25.2 10.0 33
Total 100.0 40.6 9.5 .30

Fig. #40
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FLOW SHEET
BREAKS
Type of Wheat Soft White Spring
Pre-Break Test Number __ 2
% Egleg_s_e Yo gx?ruction
gr'rlog'thn/zzn Ist Break . 36.1
2nd Breok . 2he3
3rd Break __29.2 11.6
Ist Break :
9"x6" 2 1/2: % Yo % %
12712 Getchell D:D RELEASE TRACTION} PROTEIN ASH
::t: +2nd Break =i - 12.6 2.10
40' | Coarse Sizings 10.L 10.4 8.7 -5k
0SS > Fine Sizings 6.5 6.5 7.7 L0
] Coarse Middlings 6.6 6.6 7.6 .3k
L Fine Middlings 7.9 7.9 8.1 .33
——.-—— F|°ur ) hi? hl? 6-6 .33
JOTAL 36.1 36,1
f 2nd Break
§x6 21/2:1
12/14 Getchell D:D
gzt: — 3rd Break - - .2 2.92
aoLw | Coarse Sizings 7.2 4.6 2.5 | L6l
50SS > Fine Sizings 8.0 5.1 9.4 L2
o | Coarse Middlings | b 5.9 9.5 «3b
L Fine Middlings 9L 5.9 9.4 -33
e~ Flour Lol 2.8 Te3 «33
TOTAL 38.L 2);.3
3rd Break
.;G 9"x6" 21/
16/16 Getchell D:D
20 LW = Foed - - 15-1 3.71
ig t: —» Coarse Sizings 5.5 2.2 16.2 3.10
x| Coarse Middlings 5.k 2.1 1.k .5l
+ Fine Middlings 2.0 4.0 L7 +36
I Flour 5.6 2.2 8.8 .3h
JQTAL 29,2 1.6

Fig. 41
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FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat SOFT WHITE SPRING

Coarse Sizings Test Number __ 2
Slr‘nogfh % %, _o/'_—"‘_ o,
9x6 11/2:1 RELEASE _EXTRACTION PROTEIN ASH
20LW | Top Scalp 10.9 1.9 | 16.3 3.00
28Lw | Bottom Scalp 22.5 3.9 3.4 2.30
zgls': - Fine Sizings 12.8 268 Suls e
oy Coarse Middlings | 257 | L5 7.7 -28
— Fine Middlings m@eT 3.9 8.1 .26
S - Flc,ur SULI- l9 6.5 .28
Total | _100.0 17,3 10,0 1.1k
Fine Sizings
Smooth
9"x6" 1172
281LW . . — i
AOLW + Top Scalp 6.0 9
GSs | Bettom Scalp 13.4 2.0 10.1 | 1.30
0 XX Coarse Middlings 22‘1 3'2 :2 'ig
= Fine Middlings 8.7 ' '
, Flour 10.1 1.5 6.5 27
Total 100.0 1.9 8.6 .19
Ogeg Coarse Middlings
Stpoath
9'x6" 11/2:1
:g ;: —e Top Scalp 3.4 o3 T T
TOXK » Bottom Scalp 11.1 2.5 9.6 -9;
+ Fine Middlings 5.4 Lol 742 .26
{ Flour 29.1 6.5 7.1 o2
Total 100,0 22.5 8.6 37
Fine Mid&lfhgs '
Smoo't'h =
9"x6" | I/2:1
G'gii ~ Top Scalp 7 ; ol o
— Battom Scalp 59.6 2h. 9. 3
| o Elaiur 39.7 16.6 8.1 427
Total 100.0 1.6 8.6 .30

Fig. #i1
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FLOW SHEET
BREAKS
Type of Wheat_ Soft wWhite Spring
Pre-Break Test Number 3
_'g,%l;)gn % Extraction
g-'»'log--th”,z,l Ist Break . »
2nd Break 291 15.6
3rd Break 30,0 1.1
Ist Break
9'x6 2 I/2:] % Yo % %
12/12 Getchell D:D RELEASE [EXTRACTION| PROTEIN ASH
:: ::: »2nd Break - T 12,8 2.5k
T = Coarse Sizings 11.1 11.1 9.0 o717
10 XX = Coarse Middlings 9.5 9.5 7.8 .36
> Fine Middlings 1.2 1.2 8.2 .32
—— Flour L6 5.6 6.6 33
TOTAL h7.5 47.5
f 2nd Preak
9x6 21/2:1
12/14 Getchell D:D
io t:: 3rd Break - - 14.0 3.1k
48 X Coarse Sizings 5.7 3.0 13.6 2.10
=2 ix —= Coarse Middlings | 58 il Bl B
~ Fine Middlings | 77 | 1 | 9.9 | .3
L Flour Lol 221 7.3 »33
TOTAL 29.7 15.6
3rd Break
4@ 9'x6" 21/2:
16/16 Getchell D:D
20 Lw > Feed y— .. 15.0 3093
ig Ux > Coarse Sizings 6.5 2.4 16.2 3.00°
10 XX > Coarse Middlings b.9 1.8 1.8 -63
> Fine Middlings 10.6 L.0 12,2 39
TOTAL 30.0 11,3

Fig. 42



FLOW SHEET
SIZINGS AND REDUCTIONS

Type of /Wheat SOFT WHITE SPRING
Test Number _ 3

Coarse Sizings

104

Smooth 2 o, 5 o,
9xe 11/2: RELZASE EXTFU{CTION PRO'IX":‘:'.!N ASH
20 LW > Top Scalp 11.9 2.0 16.3 3.09
shiw — Bottom Scalp 21'? 3.6 13.7 2.40
gg LW 1 o Fine Sizings 11.1 1.8 8.7 .80
0 ;; —>- Coarse Middlings 22e1 3.8 g'o 31
> Fine Middlings 25.3 k.2 w2 «27
o Fiour 2l | L2 | & | @
Total 100.0 16.6 10.3 1.17
Fine Sizings
Smoolh
9"x6" 11/2:1
28LW . e —_—
OLW » Top Scalp 6.6 ?
;088 = Bottom Scaip 1.k L.7 10.3 1.k0
oxx | Coarse Middlings 18.4 Z g": zz
> Fine Middlings 511 b . .
3 Flﬂur 12.5 _]_-:_9_ 6._5 027
Total 100.0 1.8 8.6 19
Coarse Middlings
.Smoath
9'x8" 1 1/2:
oo Top Scalp 3.7 .8 T T
60SS 8.9 1.9 9.9 | 1.00
OX = Bottom Scalp 8 ! 29
~ Fine Middlings 50.5 | 10. 9 -
o FlGUT 37.0 7.9 7.1 .25
Total _ 100,0 21l.L 8.6 .36
Fine Middlings
Smooth
9"x6" 1 1/2:
. D ———— ———-
6(())?(?( > Top Scalp 2.4 1
: + Bottom Scalp L8.8 20.3 l{;'o '32
| o Flour 148.8 20.4 L o2
Total ¢ 10C.0 ]-llt? 9.2 .31

Fig. #42
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Test # Break Releases and Extractions
% Release % Extraction
1BK 2BK 3BK 1BK 2BK 1BK+2BK 3BK 1+2+3BK Total
1 28.4 40,0 37.4 28.L4 28.6 57.0 18.5 73.5
2 36.1 38.1 29.2 3.1 24.3  60.L 418 72.0
3 47.5 29.7 30.0 47.5 15.6 63.1 11.1 Th.2

Granulation Series
As in the previous two test series with Hard Red Winter and Hard Red
Spring, a range of break releases and combined extractions was chosen for
white wheal to represent the range of releases and extractions that would be
representative of commercial practice.

First Break Granulations

Figure #l,3 shows the accumulative gramulations for all three lst break
releases. The reverse "S" shape curve is evident here as in the other tests.
The higher rate of increase in overs between 700 microns and 1000 microns
ig due to a greater cutting up of the bran coat at the highest release rats.
Interpolation between the maximmm release of u7.§z thru the minimum release
of 28.L4% will result in approximate release percentages for any intermediate
release percentage. The subtraction of accumulatlive percent overs between
any two micron openings will result in the percent of material thru the
larger micron size and over the finer size. Thls can be used to predict
material distributions for any flow within the release rates shown.

Figure #lil; shows the close relationship of the -20LW granulations for
the first two tests. Test #3 shows £ha same phencmena observed in the
Hard Red Winter and Hard Red Spring tests where the higher release at the

narrowest roll gap shows an increase in the percent of thrus abt the larger
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micren size opemings. This is attributed to a crushing action brought about

by the limited roll gap area. No=-load roll gaps for the three tests were:
Test #1, .025", Test #2, .022" and Test #3, .016",

This crushing action is more pronounced in the Soft white Spring test
than for Hard Red Winter and Hard Red Spring. This could be expected from
the softer, more fragile endosperm material in the Soft White Wheat kermel.
2nd Break Granulations

Flgure #45 shows the accumulative percent overs for the 2nd break tests.
The two tests for similar releases of 38.1% and 40.0% would indicate that
the amount of endosperm in the stock to each test did not noticeably affect
the granularity.

Figurs #46 shows an increasing fineness for the -20LW material from
Test #1 to Test #2 and Test #3.

The no-load roll gaps used were: Test #1, .012", Test #2, .010" and
Test #3, .007". The decreasing roll gap clearance 1s felt to be the reason
for the decreaging fineness from Test #1 thru #2 to Test #3.
3rd Bresk Granulations

Figure #47 shows the deeper curve which indicates s shift to finer
material produced by the finer, more numerous 3rd break corrugations

Figure #48 shows the stronger deviation from linearity found in all 3rd
break tests. This is again due to the increase in fine material below 5C0
mlcrons.

The no-load roll gaps used were: Test #1, 004", Test #2, .0O7" and
Test #3, .007". It is again csutioned that these openmings may not be
reliable indicators as the rate of feed was not metered. The greater diffi-
culty of feeding the soft wheat stock may have contributed to differences in
feed rates. These gaps are less than those used for the Hard Red Winter and

Hard Red Spring tests on 3rd break, which indicates the increased difficulty
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of removing the outer endosperm material from soft wheat. This is a phenomenon
common t0 soft wheat and confirmed by commercial experience.

Material Balance

Complete material balances for the three white wheat millings are
shown in Figure #49, #50 and #51. This type of presentation will be help-
ful in developing models for computer use. This may help establish the
complex changes that occur in the milling process when break extractions are
varied.

Flgures #2, #53 and #5) emphasize the differences in quantities of
material released of each size group with changes in break extractions.

Ash Content

Figures #.0, #41 and #42 shown previously can be inspected for a picture
of how the wheat ash is distributed.

As with the hard wheats, there is a trend of decreasing ash as the
particle size becomes smaller, reflacting the degree of bran intrusion, for
the most part.

The previously noted exception to this of increased ash in the break
and sizings flours over the next coarsest size graup is still prewvalent.

The increasing ash content of the bran as endosperm is removed from it can be
noted by observing the overs of the 20LW sieve.

Tables #23, #2L and #25 list all of the break release preducts in
ascending order of ash content. Third bresk coarse sizings material is
the highest ash stream in all three tests, reflecting the amount of bran
that is cut up on the break and finds its way thru a 20LW sieve. Second
break fine midds is the lowest Iash in Tests #1 and #2. First break fine
midds is the lowest in Test #3. This probably reflects on the high first
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CUMULATIVE ASH

A=Ash (I4% Moisture BOS?S) Type of Wheat
Q=Quantity (% of Wheat to Pre-Break) SOFT WHITE SPRING
S=Summation BREAK RELEASE PRODUCTS
T SofGx A
E STREAM A Q QXA Sof QxA | SofQ Sofq
? FROM 70 % Ash % of |9 of Wheat {Cumulative | Cumulative | Cumulative
2 (14%% M.B)  Wheat * Yo Ash Ox A_ /5 of Wheat| %% of Ash
1| 2BK F.M, +31 6.1 .0198 .0198 6.4 «310
2BK C.M. + 32 6.7 .021 .Oh12 13.1 <31
2BK Flour 032 2.9 0093 .0505 16.0 316
1BK F.M. 33 6.3 .0208 0712 22.3 +320
1BK Flour «33 3,5 0116 0828 25.8 «321
1BK C.M, «36 0.1 ,018L4 | L1012 | 30,9 .328

3BK F.M. .36 5.8 .0208 1220 | 36.7 330
3BK Flour | .37 2.8 L0104 | 1324 | 39.5 | .335
| 28K | F.S, .38 6.5 L0247 | L1571 | L6.0 | .3h2
1BK FoSe o2 5.0 ,0210 | L1781 | S51.0 | .3L9
IBK C.M. .58 3.0 L017h | L1955 | Sh.o | .362
1BK C.S. .60 8.5 L0510 | .2465 | 62.5 | .39k
2BK CeSe 1.21 6.1 L0738 | .3203 | 68.6 | .U67
3BK F.Se 1.L9 1.5 022 | J3427 | T0.1 | LLB9
3BK C.8. | 2.42 3.0 L0726 | 153 | T3.1 | 568

TABLE # _23
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CUMULATIVE ASH

CALCULATIONS
A=Ash (4% Moisture Besis) Type of Wheat
Q=Quantity (% of Wheat to Pre-Break) SOFT WHITE SPRING
S=Summation BREAK RELEASE PRODUCTS
% STREAM /A Q QXA |SofQxA | SofQ §§%%%5
% Ash % of |% of Wheat | Cumuiative | Cumulative | Cumulative
;; FROM 19 {(14% M.B)] Wheat [x 9% Ash QxA Yo of Wheat| % of Ash
2| 1BK F.M, «33 7.9 0261 «0261 7.9 «330
1BK Flour | .33 k7 +0155 | 0416 | 12.6 | .330
2BK F.M. .33 6.0 .0198 .061) 18.6 «330
2BK Flour 033 2.8 .0092 +0706 21.h «330
1BK C.M, 34 6.6 0224 .0930 28.0 «332
| _2BK C.M. +3h 6.0 020 | .113Lh | 3k.0 | .334
3BK Flour | .34 2.2 0075 | L1209 | 36.2 | .33k

) F.M, 36 3.9 +O010 | L1349 | LO.1 | .336
1BK F.M. 40 6,5 «0260 | 1609 | h6.6 | .35
_2BK F.S. A2 | 5.1 021h | .1823 | 51.7 | .353
3BK C.M. 54 2.1 .0113 1936 | 53.8 «360
1EK GeS, «Sh | 10.5 0567 »2503 | 6h.3 .389
2BK C.3. | 1.6 L6 O7ll | J.32hh | 68.9 | JAT1
3BK 7S, 1.70 1.1 0187 | L3431 | 70.0 190
3BK CiS. 3,10 2.2 .0682 1113 1 72,2 572

TABLE # 2k
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CUMULATIVE ASH

CALCULATIONS
A=Ash (14% Moisture Basis) Type of Wheat
Q=Quantity (% of Wheat to Pre-Break) SOFT WHITE SPRING
S=Summation BREAK RELEASE PRODUCTS
% STREAM A Q QxA [SofQxA | SofQ S—gf—q%é
T| Erow 70 % Ash % of |% of Wheat |Cumuiative | Cumulative{ Cumulative
# (14% M.B)| Wheat |x % Ash Qx A Yo of Wheat| % of Ash
3_1EK F.M. «32 11.0 .0352 0352 11,0 | .320
1BK Flour «33 6.6 .0218 .0570 17.6 | 324
2BK Flour | .33 2.1 | 0069 | .0839 19.7 | <324
|_2BK F.M. o3b 3.6 .0122 0761 23.3 | «327

BBK Flour 035 1.8 » 0063 .0821; 25. h] 0328
1EK C.M, 36 9.5 | .03h2 | 1166 3k.6 | 4336

2BK C.M. .36 3.6 | .0130 | .1296 38.2 | .339
__1BK F.S. .39 9.1 | .0355 | .1651 47.3 | .39
3BK F.M, «39 3.9 | .0152 | .1803 51.2 | 4352

2BK F.S. .53 2.8 | 0148 | L1951 5L.0 | .361
3BK C.M. 63 1.8 | .0113 | .206L 55.8 | .370

18K C.S. 1 11.2 | 0862 | .2926 67.0 | 137
3BK F.3. 1.99 1.1 .0219 3145 68.1 | .Lhé2
2BK | €.5. | 2.10 3.0 | 0630 | .3775 71.1 | .531
3BK CeSe | 3.00 2.4 | 0720 | k95 73.5 | 612

TABLE # _25
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breask extraction rate for Test #3, which causzes it to take more of the endo-
sperm that 2nd break took in the first two tests.

Figure #55 shows the curves formed by plotting the cumulative ash
regults., The results show a very close relationship until the steep portion
of the curve is reached. In total, Test #l1 gave the lowest ash result.

Test #2 was the next best and Test #3, the highest in ash.

Table #26 shows shows the flour ashes arranged in ascending order.

Figure #56 shows these results graphically. The order of preference is
the same as occurred in the break release study.

Test #1 - Best (Lowest Ash)
Test #2 - Next Best
Test #3 - Worst (Highest Ash)

As with spring wheat, the QXA ash content of coarse sizings from each

milling alsc fell into the same order.

Test #1 - .197h

Test #2 - .2103

Test #3 - .2212
This, again, is a good indication that the amount of bran released during the
breaking process is directly related to the amount of bran that will end up
in the flour.

Protedn Content

Mgures #40, #41 and #h2, referred to previously, show how the protein
is distrituted in the various millings.

The overs of the various top sieves increase in protein as endosperm is
removed.

The middlings do not exhibit any particular trend.

The flours from the breaks and sizings show the opposite effect found

with the hard wheat millings, in that the proteins are lower than the next
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Ash (14 %

CUMULATIVE ASH
CALCULATIONS

Moisture Basis)

Q=Quantity {% of Wheat to Pre-Break)

125

Type of Wheat
SOFT WHITE SPRING

S=Summation FLOURS ONLY
EST: SLREAN A Q QxA  [Sof QXA | SofQ §_§_f.._00f%fi
% Ash % of |% of Wheat|Cumulative | Cumulative | Cumulative
; FREY i (1% M.B.)| Wheat |x % Ash QxA % of Wheat| % of Ash
1| C.M. Flour | .25 7.9 | .0198 | .0198 7.9 250
F.M. " .26 15,0 | .0390 | .0588 | 22.9 257
F.3. " .28 1.6 | .0045 | .0633 24.5 .258
Cs3s " 30 B8 | 002 | 0657 | 25.3 260
| 2BK n .32 2.9 | ,0093 | ,07950 | 28,2 4266
1BK " 33 3.5 | .0116 | .0866 | 31.7 273
3BK n .37 2,8 | ,0104 | .0970 | 3hL.S 281 |
2| C.M, Flour +25 6.5 | .0163 | .0163 6.5 250
F.M. " 2T 16.6 | .OLL8 | 0611 | 23.1 265
F.S. w .27 1.5 L0041 | .0652 2h.6 265
C.8. " .28 9 L0025 | L0677 25.5 . 265
2BK m .33 2.8 | ,0092 | 0769 | 28.3 272
1BK it «33 4.7 .0155 | 0924 | 33.0 .280
| 3BK " .34 2.2 .0075 | .0999 35.2 .284
3| C.M. Flour | .26 7.9 | .0205 | .0205 7.9 .260
F.S. " .27 1.9 | .0051 | .0256 9.8 261
F.M. " .28 20,4 | .0571 | .0827 | 30,2 27l
C.S. . .29 1.2 ,0035 | .0866 | 31.h4 .276
| 2BK " .33 2.1 | .0069 | .0935 | 33.5 | .279
| 18K " .33 6.6 | .0218 | .1153 | ho.1 | .288
BK " .35 1.8 | .0063 | .1216 | 1.9 . 290
TABLE # _26
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coarsest middlings group., This signifies the weak starch cells found in
softer wheats have broken down into flour size rapldly encugh to mask any
interstitial protein that may alsc have been separated. Soft wheats exhibit
a fluffy or mealy consistency compared to the sharp, granular consistency
of the harder flours. This was recently confirmed by Blakney, et al, (23).
They state that the hard wheat flour "consisted mainly of angular material
which cleaved neatly along the lines of the cell wall." The soft flour "was
mainly a collection of broken cell fragments and fine starch granules. Very
little recognizable endosperm cell structure could be found."

The tests also show that higher amounts of break flours are produced at
the same approximate rolease rates as on hard wheat.

Pables #27, #28 and #29 arrange all of the break release products in
ascending order of protein. The distinct alighment of lst break in the lower
proteins, 2nd break in the medium proteins and 3rd break in the higher
proteins is noticeable.

Figure #57 shows the cumlative protein results graphically. Tests
#1 and #2 are identical at the finished extraction levels. Test #3 is lower
than either #1 or #2. As low protein is often the goal in soft wheat milling -
just the opposite of protein recovery in hard wheat milling - the extractions
used in Test #3 would indlcate a preferred arrangement.

Table #30 aligns the seven flours produced in each milling in order of
ascending protein content.

Figure #58 shows these results graphically. A more distinct separation
of results was obtained with flours. Again, assuming that the lower proteins
might be more desirable in canmercial milling, the order of preference is:

Test #3 - Best
Test #2 - Next Best
Tast #1 - Worst



S=Summation

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)

Q=Quantity (% of Wheat to Pre-Break)
BREAK RELEASE PRODUCTS

128

Type of Wheat
SOFT WHITE SPRING

- It —Hwm—

STREAM P Q QxP  [SofQxP | SofQ -S-gf—o%"—
% Protain % of [% ofWheat |Cumulative |Cumulative [Cumulative
FROM TO. (14%M.B.) | Wheat x% Protain| QxP %% of Wheat %% Prolein
1BK Flour 6.8 | 3.5 .23801 .2380 3.5 6.80
2BK Flour T | 2.9 216 | 4526 6.1y 7.07
1K F.S. 7.6 5.0 .3800 | .8326 11.h4 7.30
1BK CaM. 7.6 | 8.1 L3876 | 1,2202 | 16.5 7.00
1BK F.M, 8.0 6.3 «5040 | 1.72h2 22.8 7.56
_1BK 0s8s 8.2 | 8.5 6970 | 2.212 | 31,3 7.7k
2BK F.S. 8.9 | 6.5 5785 | 2.9997 | 37.8 7.9L |
28K F.M, 8,9 [ 6.4 £5696 | 3.5693 | Uh,2 8,08
28K C.M. 9.2 6.7 616} | 14.1857 50.9 8,22
3BK Flour | 10.0 | 2.8 .2800 | 4 h657 | 53.7 8.32 |
2BK C.S. 10,9 | 6.1 6649 | 5.1306 | 59.8 8.58
3BK C.M. 1.2 | 3.0 23360 | 5.4666 | 62.8 8.70
3BK F.M. 11.8 | 5.8 .68Lk | 6.1510 | 68.6 8.97
- 3BK F.S. 12.h | 1.5 .1860 | 6,3370 | 70.1 9.0l
3BK Ca3s 15.8 | 3.0 Jh7ho [ 6.8120 | 73.1 9432
TABLE# 27




S=Summation BREAK RELEASE PRODUCTS

CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

129

Type of Wheat
SOFT WHITE WHEAT

o} Aem-

STREAM P Q QxP  [SofQxP | Sofq [SQLQXP

' % Protain % of 9% of Wheat |Cumulative {Cumulative [Cumulative
FROM TO (14%M.B.) | Whaat %% Protaln| QxP % of Wheat |% Protein
1BK Flour | 6.2 b.7 29 .291) L.7 | 6.20
2BK Flour | 7.3 2.8 220hly | 14958 7.5 | 6.61
1BK C.M. 7.6 6.6 ,5016 | 997k | 1h.1 7.07
1BK F.S. Tal 6.5 25005 | 1.4979 | 20.6 2.27
18K F.M. 8.1 7.9 L6399 | 2.1619 | 28.5 7.59
18 c.S. 8.7 10.5 .9135 | 3.0754 39.0 7.89
3BK Flour | 8.8 2.2 1936 | 3.2690 | Kl1.2 7.93
2BK F.S. 9. 5.1 L79h | 3,748k | L6.3 8,10
2BK F.M. 9.4 6.0 L5640 | h.312 | 52.3 8.25
2BK C.M. 9.9 6.0 .5700 | 4,882} | 58.3 | 8.37
3BK C.M. 11.4 2.1 .23%94 | 5.,1218 | 60.L 8.48
E): ¢ F.M. | 11.7 3.9 01563 ! 5,5781 | 6L.3 8.68
2BK C.3. 12,5 b.6 .5750 | 6,1531 | 68.9 8.93
3K F.S. | 12.8 e | .1408 | 6.2939 | 70,0 8.99
3IBK C.S. | 16.2 2.2 2356 | 6,6503 | T72.2 9.21

TABLE# o8




CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Mosisture Basis)

130

Type of Wheat

Q=Quantity (% of Wheat to Pre-Break) SOFT WHITE SPRING
S=Summation BREAK RELEASE PRODUCTS
: STREAM P Q QxP  [SofQxP | SofQ igf-ﬁ-’gn
'?' FROM TO % Protein | % of (% ofWheat [Cumulative |Cumulative [Cumulative
| (14%M.B.) | Whaat %% Protein| QxP % of Wheat |% Protein
3| 1B Flour 6.6 6.6 U356 | LL4356] 6.6 6.60
2BK Flour Te3 2.1 «1533 .5889 8.7 6.76
1BK C.M. 7.8 2.5 J7410 | 1.3299| 18,2 7.31
1BX F.3. 8.1 9.1 J7371 | 2.0670! 27.3 7457
1BK F.M. 8.2 11.2 9184 | 2.985L4| 38.5 7.75
3BK Flour 8.8 1.8 L1584 | 3.1438| L40.3 7.80
1BK C.S. 9.0 11.2 | 1,0080| L4.1518| 51.5 8.06
28K F,S. 9.9 2.8 «2772 | L.1290| Sh.3 8.16
| 2BK F.M. 9.9 4.0 .3960 | L.8250| ©58.3 8.28
2BK C.M, 10,2 3.6 W3672 | 5.1922( 61.9 8.39
3BK C.M. 1.8 1.8 22124 | 5.4046| 63.7 8,48
3BK F.M. 12.2 3.9 1758 | 5.8804| 67.6 8.70
| _2BK CeSs. 13.6 3.0 4080 | 6.288k| 70.6 8.91
3BK F.S. 13.6 1.1 J1496 | 6.4380) 71.7 8.98
3BK Cs8s 16.2 2.4 .3888 | 6.8268| 7h.l 9.21

TABLE# 29
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CUMULATIVE PROTEIN
CALCULATIONS

P=Protein (14 % Moisture Basis)
Q=Quantity (% of Wheat to Pre-Break)

Type of Wheat
SOFT WHITE SPRING

S=Summation  FLOURS ONLY
. STREAM P Q QxP  [sofQxP | Sofq |SQrQsP
$ % Protsin Y% of %o of Wheat [Cumulative |Cumulative |Cumulative
oy FROM TO (l4°/?M.B.) Whegot 1% Protein] QxP % of Wheat [%% Protain
1| 1BK Flour | 6.6 3.5 .2310 .2310 | 3.5 6.60
F.S. " 6.6 1.6 <1056 | .3366 | 5.1 6.60
28K " 2.2 2.9 .2088 | .5Lsh | 8.0 6.82
C.3. a 7.2 .8 .0576 .6030 8.8 6.85
C.M. " 7.2 7.9 .5688 | 1.1718 | 16.7 7.02
F.M. " 8.2 | 15.0 [1.2300 | 2.4018 | 31.7 7.58
3BK " 9.7 2.8 22716 | 2,673 | 3L.5 T.74
2| F.S. Flour | 6.5 1.5 $0975 | L0975 | 1.5 6,50
1BK o 6.6 b7 3102 D077 | 6.2 6,58
C.S. " 6.6 .9 L059h | JL6T1 | 7.1 6.58
C.M. " 7.1 6.5 1616 .9287 | 13.6 6.83
2BK " 7+3 2.8 .20Lls | 1.1331 | 16.L 6.91
F.M. . 8.1 | 16.6  |1.3ul6 | 2.4777 | 33.0 7.51
3BK " 8.8 2.2 L1936 | 2.6713 | 35.2 7.59
3| F.S. | Flour | 6.5 1.9 L1235 | L1235 | 1.9 6.50
1BK 1 6.6 6.6 1356 «5591 8.5 6.58
C.oS. " 6.7 1.2 .0804 6395 9.7 6.59
C.M, " Tel | Ta9 .5609 | 1.200h | 17.6 6.82
2BK " 7.3 2.1 01533 | 1.,3537 | 19.7 6.87
F.M. H 8.4 | 20.4 [1.7136 [ 3.0673 | LO.1 7.65
3BK " 8.8 1.8 21584 | 3.2257 | L1.9 7.70
TABLE# 30
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Campariscns of the Various Tests
among Hard Red Winter, Hard Red
Spring and Soft White Spring

In commercial practice, flour mills must be flowed differently for
optimum results when grinding winter, spring or soft wheats. The differences
in hardness of these three wheats require different machine performances.
The amount of roll, purifier and sifter surface varies., The type of roll
corrugation and differential changes. The allocation of roll surface to
various functions varies. The number of sifter cloths and thelr aperazture
gize varies. The use of purifiers varies.

Seme mills are grinding all three wheat types on the same mill but this
requires the campromise of overall milling results. It i1g of some interest,
therefore, to see how the resulis of these tests dlffer (or remain constant)
for the purpcose of understanding what considerations might be given to the
deslgn of mills using different classes of wheat.

Granulation

First Break

Figure #59 shows the accummlative overs of all lst break granulations.
The release rates were all in the 22% to 29%¢ range. The closer relationship
of granulations in noticeabls between Hard Red Winter and Hard Red Spring.
Even with the slightly higher release for Soft White Spring, the difference
in granularity campared to the harder wheats is quite evident, with a shift
to the finer particle sizes.

The differance in granulation breakdown i3 more easily discerned in
Flgure #50. The decreasing granularity size fram Hard Red Spring, to Hard
Red Winter to Soft White Spring is graphlcally portrayed. They all show
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the same relative shape of curve.
Second Break

Figure #61 shows the granularity differences in 2nd break. The
differences are apparent.

Flgure #52 portrays the same shift towards fineness as was seen on lst
break when going fram Hard Red Spring to Hard Red Winter to Soft White Spring.
The Soft White Spring again shows a mors radical dissimilarity than the
Hard Red Spring and Hard Red Winter camparisons.

Third Break

Figure #63 campares the three classes of wheat as they respond in
granularity to a close 3rd break release comparison of 34.5%, 35.9% and 37.U%.

The differences are much the same as with the lst break and 2nd break
comparigsons.

Flgure #6l again points out that the hardness of the wheat determines
the granularity of the release.

The changes portrayed in these experimental mill tests quantify the
changes kmown thru experience in commercial practics.

Sizings and Middlings

Figures #65, #66 and #67 are made to give a compariscn of the sizings
and middlings as affected by the different classes of wheat.

The percent deviation from Hard Red Winter are tabulated. Compared to
Hard Red Winter, the Hard Red Spring groupings for Tests #1 show a large
increase in CS stock, a large decreass in M stock and a significant decrsase
in ™ stock.

The Soft White Spring resulis show a significant decrease in the amounts
of CS and FS stocks produced when compared to Hard Red Winter and a large

increase in ™M stock.
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SIZINGS AND MIDDS COMPARISONS i

BREAKS ONLY-TEST NO.|

PERCENTAGE OF WHEAT TOTAL % % CHANGE
0 10 20 FROM HRW
FROM...
1 B 2 BK 38¢
HRW | 7.9 10.6 2. 21.0 ——-
1 BK 2 BK 3 B
HRS | 10.) 12.5 3.5—' 26.L +25.7
1 BK 2 BX |3 Bf
SWS g, 6.1  |3.0 17.6 -16.2
..TO CS
FROM. ..
1 BK[2 BK 3EK
HRW{ .0 [8.8 2.1 15.2 -~
1 BK| 2 BK 38K
HRS | 1.3 | 8.1 3.2 15.6 + 2.6
1B | 2 BK 3 BK
SWSlso |65 | 13.0 -1L.5
TO FS
FROM. ..
1BK[2 3k [3BK
HRW! |1 ]6.7 5.0 15.8 ----
1 BK |2 BK|3 BK
HRS| 3.6 |L.8 |b.2 12.6 -20.3
1 BK |2 BK 3BK
SWS| ¢ 1 |6.7 3.0 14.8 - 6.3
...TO CM
FROM. ..
1BK (2 BK |3 BK
HRW| )7 {5.0 L. 1.1 ----
1 BE {2 BKI3 BX
HRS| 1.8 [h.1 [3.5 12,1 -12.1
1BK |2 BK 3 BK
Sws 6.3 60LL 5-8 18-5 +3112
..TOFM FIG. 65




SIZINGS AND MIDDS COMPARISONS
BREAKS ONLY-TEST NO. 2
' PERCENTAGE OF WHEAT
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HK.“ BK
.5 5

B 2BK
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VT RO DO O
H W

BK
1
2 BK |3 BX
i S.h 8
1 3K BKE
6.11 7 2-
1 3K 2 BK |3 BK
7.9 6.0 3.9
TO

TOTAL%

20.3

26.4

17.3

15.0

15.6

12.7

17.0

12.9

1.1

16.0

12.7

17.8

143

% CHANGE
FROM HRW

+30,0

~14.8

+ 1,0

-15.3

-2h.1

=17.1

-20,6

+11.3
FIG. 66
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SIZINGS AND MIDDS COMPARISONS
BREAKS ONLY~-TEST NO. 3

PERCENTAGE OF WHEAT TOTAL% % CHANGE
0 10 20 ' FROM HRW
FROM...
1 BK 2BK |3
HRW | 15,8 3.2 1?? 18.9 ----
1 BK , BK [3BK
HRS |, » Bk [2.7 25.3 +33.9
1 BK 2BK |3BK
SWS {415 3.012.1 16.6 -12.2
...TO CS
FROM...
1 X 2BK B
HRW 10-!.1 305 1-3 15&8 ol et
1 B 2BK |33X
HRS 9.6 3.9 2.0 15,5 - 1.9
1 BK 2BK| § BK
SWS .l 2.8Lil | 13.0 "l?.?
.TO FS
FROM...
1 K P BX |3BK
HRW o3 i3.7 3.0 15.8 ===
1 BK 2BK| 3BK
HRS| 7, buglar 12.8 -19.0
1B 2 BK[3 |
SWS 9. 3.6 [ 14.9 - 5.7
...TO CM
FROM. . .
1 BX 2BK [3BK
HRW) 9.7 2.9 3.1 15.7 ---=
1 3K K| 3B
HRS | 3., 2.3] 2.4 13.3 -15.3
1 BK 2BK |3BK
SWS 11-0 3.6 3.9 18.5 +210?

...TO FM FIG. 67
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Thesse changes should affect the manner in which a mill is flowed,
as machine loads would bs affected by these variations in gramlation.

Figure #66 shows a very similar change in size groups for the #2 Tests
to those found in the #1 Tests.

Chart #67 for the #3 Tests again indicates the size grouping changes
are gimilar between breaks.

These results indicats that for similar release percentages, the
granularity changes in a similar manner between Hard Red Winter, Hard Red
Spring and Soft White Spring.

Mgures #68, #69 and #70 show how the thres classes of wheat differ in
slze groupings when flour is included in the camparisomns. The very large
increase in flour production for Soft White Spring is quite evident.

Ash Content

A comparison of figures #16, #36 and #55 show differences in the ash
dist.ributiﬁn of the break releass products.

The Hard Red Spring tests were the highest in ash content; Hard Red
Winter was next lowest and Soft White Spring was lowest. This does not
follow the wheat ash differences of 1.45% for Hard Red Spring, 1.65% for
Hard Red WAnter and 1.53% for Soft White Spring. The gradient obtained
could be due to the differences between the ash of the bran and the ash of
the endosperm.

The differences between the 3rd break bran ash and 3rd break fine midds

for Teats #1 are:

Class 4 Bran Ash 4 FM Ash Difference %
Hard Red Spring 3.57 U2 | 3.15
Hard Red Winter he50 43 4.07

Soft White Spring 3.12 .36 2.78
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This does not substantiate that hypothesis as the Hard Red dnter has
the highest bran to endosperm ash ratioa,

The resultas could be due to the amomt. of high ash subaluerone material
in each class. The differences in ash between Coarse Sizings from 3rd break

and Fine Middlings from 3rd break for Tests #1 are as follows:

Class C.S. ¥ Ash F.M, £ Ash Difference
Hard Red Spring 2.44 42 2.02
Hard Red Winter 3.0 .38 3.02
Soft White Spring 2.2 .36 2,06

This substantiates the high ash gradient evidently present in the Haxd
Red Winter endosperm used in these tests. This has the effect of producing
lower ash break release products than the Spring, despite a higher wheat
and bran ash. As expected, the lower bran ash of soft wheat allows for
lower ash break release products than either Hard Red Winter or Hard Red
Spring.

The ash contenta. of the flours also reflect this same relationship of
agh content with the Hard Red Spring flcur being the highest, Hard Red Winter
next highest and Soft White Spring the lowsst in ash. This, of course, points
out the worthlessness of ash as a quality indicator as the flours from sach
of these millings would be wnsidered very acceptable for the special purposes
for which they might be used.

Protein Content

The cumulative protein curves of break releass products for Hard Red Winter
and Hard Red Spring are quite similar in general characteristics. The Soft
White Spring wheat curve is quite differsnt, covering a broader range and
having an "S" shape instead of a gentle upward swing.
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The cumulative protein curves of flours shows a sharp upward swing for
Hard Red Spring, a flat curve with late turm up for Hard Red Winter and a
gtraight incliine for Soft White Spring. Obviousaly the protein distributions

follow different patterns in the three wheat classes tested.
SUMMARY AND CONCLUSIONS

Particle Size Distribution

For each wheat class tested, a distinet particle size distribution
exlsts for each break passage and for each rate of extraction. This profile,
when plotted by using the accumulated percent of material over the variocua
screen sizes used, gives a reliable method of predicting the particle size
distribution of any intermediate release by interpolatiocn.

When the granularity of the thrus of the top sieve wire 1s plotted by
accumilating the percent of thrus for each screen size, with the thrus of the
20LW being 100% in each case, a baseline curve 1s established that shows the
relative distribution of particle sizes. This was quite uniform for each
break over the full range of extractions. An increase in fineness was
obsarved in all three wheat classes for the highest lst break release
percentage. It is possible that this change is brought about by the much
reduced roll gap clearance, which would have a crushing or pulverizing effact
on the endosperm.

In all cases the overall granularity decreases in size from lst break to
2nd break and from 2nd break to 3rd break. This is undoubtedly caused by the
manner in which the rolls are corrugated. The corrugaticns or flutes are
more numerous, closer spaced, and have less depth on 2nd break than on
1st break and on 3rd break than on 2nd break. This will have the effact of
producing smaller particles at given release percentages from lst thru 3rd

break.
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The material balances give a visual presentation of how the wheat
kernel is first subject to the breaking or sepa=rating operation to remove
the endosperm; how that endosperm material can be separated in size groups;
how those size groups change from one extraction rate to another and from
one brealdng operation to another; how the makeup of the sizing and reduction
stocks is accomplished; the contribution to those parent stocks by the
various breaks, sizings and middlings reductions previously performed;
and how the sizings and reduction operations reduce the granular stock to
fMner middlings and the desired flours,

These types of presentations may be used as models for computer
programming in the future to allow automatic control of the mill functions
thru simul-ted material beslsnce programming. They may also be of benefit
as an education tool to help visualize the rather complex mill flow diagram
as it relates to stock quantities.

Ash Content

The ash curves established for each test as an accumulative amount from
lowest to highest ash for flour and for the total break release products
indicate that a preferential selection of break releases can influence the
ash distribution. It is assumed that these ash comparisons are an indication
~of the amount of bran intrusion in the products. This assumption is based
on the logic that if the milling samples wers uniform, any differences in
ash content caused by a kernel to kernel ash difference or by the ash
gradient within the endosperm of each wheat kernel would be canceled out.
Therefore, any differences in ash curves obtained in this testing procedure
must be due to the amount of the highser ash content bran being present.

The quality of flour, as it relates to freedom from bran intrusion, can

be controlled by proper and predictable selection of break relsases.
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It was shown that a correlation exists between tha amount of bramny
material released in the breaking process to the amount of branny material
appearing in the flours milled fram those released products as measured by
ash.

No correlation was found between the three wheat classes on the best
combination of break releases for ash. It would appear that each wheat
class reacts differently to similar break extractions.

A possible predictor of overall ash results was found for the Hard
Red Spring and Soft White Spring wheats using the total ash of the coarss
sizings. This predictor did not work with Hard Red Winter in this test

garies.
Protein Content

The cmmulative protein curves for the three classes of wheat are all
influenced by the settings made on the break extractions. This was true for
both the flours and break release products although the distinction was more
noticeable with the flours. The same relationship existed between test
results when using either flour or break release products.

It was found that the break settings producing the most desirable

protein curve was not from the same test series for each class of wheat.
Ash/Protein Relationship

It was determined that the most favorable break setting for ash content
might not be the most favorable setting for protein results.

There is a negative relationship in the changes that occurred in ash
content and protein content in all cases. Sugge_stions for poasible explana-

tions of this negative relationship are given in the main text.
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These results suggest that millers and bokers must continue their

efforts to replace the ash test as a flour specification so that the miller

can concentrate on endosperm protein manipulation. Protein forms the basis for
many econcmﬁc decisions and by using the wheats for their best protein effi-
clency, all persons in this important food chain should benefit. It should also
be the effort in finding replacements for the ash specification that the new
measuring stick not be just a reflection of ash but a genmuine flour quality
indicator. |

SUGGESTIONS FOR FUTURE STUDY

The number of studies that might be made in regards to the effect of
break extractions on granulation, ash and protein are plentiful.

Further studies directly in line with the one reported herein coculd
involve an expansion of wheat types. This could be done on a basis of
wheat ash contents, wheat protein contents and wheat hardness, as examples.

The same type of study shown herein might be expanded by including cther
procedures of analysis such as color testing, fiber anzlysis, zir purification
and various levels of microscopic examination.

Milling tests could be made on each individual stream rather than combining
them for reduction as was done in this report. Milling tests could be scaled
up by using the Miag Multomat or the Kansas State University pilot mill for a
nore complete mill anzlysis.

There are almost countless variables that would be interesting subjects of
experimentaticn regarding rates of extractions. Most test work as been
done in changing a variable and holding the extraction rate or possibly the
roll gap constant. Very little work exists on how changing such variables as
roll spead, differential, corrugation style, corrugation spiral, size of
corrugation, fzed rate, speed of feed material and roll dlameters affects
granularity, ash and protein using a range of extractions.
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Three wheat classes representing commerci»l milling quality Hard Red
Winter, Hard Red Spring and Secft White Spring were experimentally milled to
determine how changes in bresk extraction rates affect the gramul-rity,
protein content, and ash content of the milled fractions.

Three combinations of break extractions were used which represent the
ranges of extractions found in commercial milling practice. Each wheat cl-ss
was milled with these same extraction rate combinstions.

The results are shown in a variety of forms.

l. Flow sheets showing the percent release, percent extraction,
percent protein and percent ash of each of the 33 products obtained from
each milling.

2. Comparative granulation curves for the combined products of each
break test.

3. Comparative bnseline granularity curves for the released products of
each break test.

4. Bar graphs depicting the percentage change of products from each
break when axtraction rates are changed.

5., Material balsnce bar graphs depicting the camplete loadings to and
from 211 parts of the flow for each test. |

6., Cuml-tive ash calculations and graphs for all break release products.

7. Cumulstive ash calculations and graphs for the flour portions only.

8. Cumul-tive protein calculations and graphs for all break release
products.

9., Cumulstive protein calculations and graphs for the flour portions

only.



10. Cumulative protein graphslwith products aligned in ascending order
of proteln content campared to cumulative proteins when products are aligned
in a§gending order of ash.

11. Comparative data in the form of graphs and charts showing the
relationships of test results between wheat types.

Among the findings reéorted ars the following.

1. Bach break extraction setting for each break passage and for each
wheat class gave distinctive, non-linear, granulation curves.

2. Particle size of the released products decreases froam lst break
thru 2nd breax to 3rd break. This is attributed to the increased fineness
of the roll corrugations from lst to 3rd bresgk.

3. Within a wheat class, the relative particle sizes of the released
products remain quite similar over a wide range of break extractions for
each break passage.

Le For similsr extraction rates on each break passage, the different
wheat classes exhibited different degrees of fineness of the released products.
This is attributed to the structural differences of the three wheat classes
from vitreous in Hard Red Spring to soft in Soft White Spring with Hard Red
Winter in a middle position.

S. Break extractions have an important function as concerns mill
design, mill control and quality of the flours produced. Changes in break
extractions affect load distributions as well as the ash and protein relation-
ships of the released products. Finished flour quality as measured by ash
and protein contents is also affected by break extractlen rates.

6. A possible predictor of optimum break extraction settings for

minimum ash content was found for Hard Red Spring and Soft White Spring wheats.



7. Optirmum bresk extraction settings for low ash results will not
produce the best protein spreads in the flours. Ash specifications as a
quality indicator for flour have doubtful use and are perhaps counter-
productive.

8. The differences in quslity characteristics within the wheat endosperm
structure are captured by the milling process thru gradual milling and the
separation of products in the grading system. Break release schedulss can
affect these distributions of quality characterlstics.

The basic work shown in this study suggests many subjects for future
study. The relationships of breaking functions as they affect mill balance
and product quality and how these functions are, in turn, affected by the
many variables that are found in the wheats, the wheat preparation, the
milling flow and the milling equipment specifications have not been
adequately documented. A better understanding of these relationships will
benefit all levels of the farmm-to-tsble chain of wheat usage, but will be

of particular interest to the converter.



