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Introduction

The milling of wheat into flour involves the separation of the
inner floury endosperm from the outer, cellulosic bran coat. The
efficiency of such a separation, which is generally evaluated by the
quality and quantity of material released, depends upon many factors
such as: kernel structure, protein content, moisture content, cleaning,
tempering, grinding, and bolting.

Among these latter processes preparing the wheat for milling,
tempering has been given a great deal of importance.

Tempering and conditioning, which are usually used as interchangeable
terms, define the process of toughening the bran and mellowing the
endosperm. This is done by adding moisture to the wheat so that the
endosperm separation from the bran is eased, the middlings are easily
reduced to flour and the flour obtained is less contaminated by the
bran.

Water addition could be accomplished under cold, warm or hot
conditions. Cold conditioning or tempering is adding moisture and
allowing the wheat to rest for a certain period of time at room temperature;
warm conditioning is treating wheat with moisture and applying heat
at temperatures below 115°F (46°C); and hot conditioning is the
treatment of wheat with moisture and heat at temperatures above 115°F
(469C) (13).

Kernel structure and texture, moisture content, time, temperature,
and pressure exerted on wheat durihg tempering are the main factors

governing wheat conditioning. The variation of such factors gives
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rise to many questions by commercial mills as to what is the best
tempering procedure.

As temperature increases, the rate of water penetration into the
wheat kernel increases. A holding period prior to milling is necessary
to allow the moisture to penetrate throughout the kernel and achieve
the mellowing effect of conditioning. The use of an appropriate
tempering system could help in shortening the tempering time and

improving the conditioning of the wheat kernel to mill.
Objectives

The present investigation involved samples of Kansas hard red
winter wheat, Parker 76 grown in 1980, and two different tempering
systems.

The two systems differ in the way of mixing and the mixing time.
A Technovator mixer or "intensive mixer", which is a short mixing
conveyor where the screw is replaced by blades; and a conventional
tempering screw "KSU* conventional screw" which is a long mixing conveyor
with lower capacity.

The wheat was tempered to 16% moisture content with samples taken
from both the dry side before the wheat reaches the tempering system,
and the wet side, after the wetted wheat leaves the system.

The samples were analysed for single kernel moisture content
immediately after tempering, 12 hours later and 24 hours later.

The tempered wheat was held for periods of 12 hours and 24 hours

*Kansas State University



prior to being milled. Each individual flour stream from the Miag
Multomat milled samples was analyzed for moisture content, ash content,
protein content, and color.

Mixing index, cumulative ash, cumulative protein and cumulative
color were studied to determine the efficiency of both tempering
systems.

Kernel swelling and water absorption of the wheat as measured by
an air pycnometer and an electrical conductance moisture meter were

also studied.
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Review of Literature

Factors affecting water pickup by wheat

Kernel structure

Recently, with the increasing practice of milling mixed classes
of wheat with different structures and textures, the problem of moisture
preparation has become extremely complex. The improved knowledge of
wheat kernel structure and texture will lead to a better understanding
of the tempering mechanism.

Although there may be slight chemical changes occurring in con-
ditioning, the main benefit is due to changes in the physical properties
of the processing material (18). The bran becomes tougher and the
endosperm mellow so that it promotes a more favorable separation from
the bran. These physical changes involve the movement of moisture
into the grain.

When wheat was immersed, Pence and Swanson (34) found that it
picked up water rapidly at first (7-10% within the first 10 minutes
at room temperature), then the rate of absorption decreased with time.
This absorption was due to the permeability of the bran coat.

Hopf (23) and Scott (36) reported that moisture movement occurs
within the wheat kernel by diffusion, with some degree of capillarity
action on or near the outside surface of the grain towards the crease.

Gordon (18) stated that grains shellacked at the brush end absorbed
as much water as untreated grains. Those shellacked on the germ and
back end absorbed less moisture but enough to indicate considerable

absorption in these regions.



This led certain authors (5, 21, 34, 41) to the conclusion that
water is absorbed not only at the germ end, but also on the entire
bran surface.

Hinton, J.J.C. (22) after removing successive layers from the
outer surface and measuring the rate at which water was absorbed from
a capillary tube in contact with wheat kernels, postulated that the
testa is the most important barrier to water penetration.

Moss, R. (30) was also able to show that the major barriers to the
diffusion of water into the endosperm are primarily the outer cuticle
ahd the testa as these contain the waxy hydrophobic cutins; the depth of
the outer bran layers and the degree of compression of cells might
also affect the rate of water penetration. The rate of penetration will
decrease with increased depth of bran layers and therefore the presence
of uncompressed cells would facilitate rapid penetration in considering
water penetration as obeying the laws of diffusion. Once into the
endosperm the penetration of water into the outer area would depend
partly on cracks along the cellular boundaries and on the number and
size of the hydrophilic sub-aleurone protein masses which bind the
water (30).

Milner and Shellenberger (29) noted that after moistening and
drying several times, wheat kernel endosperm was fissured and cracked.
The treated kernels absorbed water faster than untreated ones. This

rapid moisture pickup was attributed to endosperm cracks.

Kernel texture
Fraser and Haley (17) reported that the wheat type, endosperm

character, and wheat grade influence the rate of water absorption by



wheat kernels.

Soft wheats absorb moisture more rapidly than hard wheats. Winter
wheat varieties exhibit more rapid absorptions than spring wheat varie-
ties. Starchy or mealy endosperm will absorb moisture more rapidly than
vitreous endosperm. And low protein content wheat tends to absorb mois-
ture more rapidly than high protein content wheat.

Iwingelberg, Eng. H (12) attributed the difference in moisture
absorption and tempering between hard and soft wheat kernels to the
chemical composition of the sub-aleurone layer. He stated that in
hard wheat kernels, under the aleurone layer cells, there are sub-
aleurone cells which are of compact structure and higher in albumen
content. In soft wheat kernels the same area contains fewer sub-
aleurone cells which are rich in starch material. Water, therefore,
is able to penetrate this starchy area faster, and given the same temp-
ering time, the albumen rich area in the hard wheats is insufficiently
penetrated by the water. Hard wheats, therefore, require not only more
moisture than soft ones, but also a more extended tempering time.

Wilson (42), in his study of compositional variations in the bran
layer of wheat and their relation to milling, concluded that besides
the thickness and physical nature of the bran which slow water penetra-
tion, the hydrophilic pentosans present in the bran layers tend to bind
water and prevent further movement. The movement of water from the sub-
aleurone layers of the endosperm into the center of the grain is probably
not influenced by the pentosans.

He also stated that the starchy endosperm cell walls contain similar

arabinoxylans to those found in bran and these may influence the rate of



water movement into the central endosperm.

Temperature and time

Jones (27) reported that water penetration into the wheat kernels
could be classified into 3 periods:

a) A rapid initial uptake due to bran hygraoscopicity

b} A period of rapid decrease in moisture pickup

c) A slow and steady period of water absorption. The relationship
between moisture content and time in this period is almost Tinear.

During the first two minutes temperature had no effect on absorption,
but for the second and third periods absorption increased quickly with
an increase in temperature (33).

Campell and Jones (6) stated that an increase of 12°C between 20°C
and 43.5°C, caused threefold increase in the rate of water movement
to the check center. This increase ceases abruptly above 43.3°C. And
from 49°C to 60°C there is no increase in speed of moisture movement.

Fraser et al. (17) and Pence et al. (33) reported that complete
saturation of a wheat kernel was reached from 2-3 hours temper at room
temperature. It was also noted (7) that when an increase of 5% mois-
ture was added to vitreous Manitoba wheat, the center of the cheek
received about 1/2 its final moisture increment in about 5 hours. After
24 hours it had approximately 85% of its final moisture increment. The
moisture movement in this part was not complete until after 60 hours.

Zwingelberg (12) stated that following wheat dampening, a moisture
ring enveloped the berry. In damped soft wheat, moisture penetrated
the peripheral endosperm layers more rapidly than is so with hard wheat.

Soft wheats are completely saturated in 10 to 12 hours compared to



20 to 24 hours or more with hard wheat.

He also concluded from the moisture ring enveloping the berry
that after a short time of one to three hours, all lavers high in
ash content would have been dampened by water and the grain will be
suitable for grinding. Finally, he carried out milling tests and
concluded that the most favorable ash content was obtained after a
period of 24 hours of temper time. For hard wheat the moisture ring

failed to reach all the layers high in ash within the first 1-3 hours.

Kernel size

At an equal weight, larger kernels of wheat absorb moisture slower
than do smaller ones (7). This difference in absorption rate was
attributed to the larger absorbing surface area presented by the smaller

kernels in relation to their weight.

Scouring

Kernels scoured and immersed in water for one minute showed an
increased rate of water absorption (7, 8).

Campell (8) reported that the rate of moisture penetration was
increased in the peripheral dorsal region of the scoured grain. The
damage caused by scouring to the beard end, germ end and dorsal side
was responsible for the greater part of the increased rate of moisture
penetration.

Scouring, brushing or washing tends to increase the rate of moisture

penetration (17).

Damping system

Water is added to wheat by different types of tempering systems



such as washers, conventional screw type dampeners, and intensive mixers.

The use of intensive mixers for wheat conditioning or tempering
has been gaining wide acceptance in the milling industry.

The miTling industry as well as other writers claimed that this
type of dampener is superior to the washers and conventional screw type
dampeners because it is more sanitary, less wasteful, less space
consuming and moisture addition more easily controlled. When properly
used it improves the milling results as measured by yield, ash, and
color of the flour.

| Zwingelberg (12) carried out comparative damping experiments with
damping devices refered to as:

a) Damping worm of conventional pattern with worm length of 2400
mm and 115 RPM.

b) Intensive mixer {Technovator mixer) with 1000 mm of trough
Tength and 100 RPM.

¢) Intensive damping worm with higher number of flights than
Technovator mixer; 1000 mm of trough length and 1200 RPM.

Wheat samples thus tempered were left in lots of 500 to 100 kgs
in bins to temper between 4 to 24 hours. To check the uniformity of
damping in wheat lots and to assess the efficiency of each tempering
system he ran single kernel moisture tests and determined the yield,
ash content, and moisture of flours obtained on a Bubler laboratory
grinder,

He concluded that the moisture content of the sample taken
fluctuated, in the case of individual berries, following all processes

of damping, up to around 1.5%. A longer rest or tempering period
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occassioned a reduction in moisture content differences of individual
berries. The individual flours were independent of the type of damping
process utilized when comparing flour extraction and ash content.

He reported also that when hand tested, the wetted wheat samples
from different tempering systems showed certain physical differences.
The tempered samples from system (c) were uniformly damp and with loss
of husk and part of the germ through attrition; those from the intensive
mixer (Technovator mixer) were drier and those from the conventional
system (a) were of intermediate physical state.

In the same line, the germinative power of the wheat kernels was
in decreasing order, i.e., wheat from the intensive damping worm (c)
expressed lower germinative power than that from the Technovator mixer (b).

This later observation lead to the conclusion that mechanical
action or attrition is involved when a high speed mixer is used. The
mechanical action of paddles at a high RPM upon wheat kernels disloges
the germ, abraids the bran coat and thus allows more water to penetrate
at higher rate.

In the September, 1979 issue of diagram, a trade publication of the
Buhler-Miag Company, E. Schefer (13) reviewed the use of intensive
dampening and noted that ash, color, and yield of flour was improved.

In Buhler-Miag diagram 65 (9) there is a paper by C.H. Lippmen
entitled, "Intensive dampening". He emphasized the fact that the
intensive mixer develops a high speed mixing of water and grain and
a uniform distribution of water at the surface of the wheat kernels.
This better wetting enables it to add up to 5% of water in one step,

something which is practically impossible with a classical dampening
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SCrew.

Rhodamine B was added to temper water and a comparison between
an intensive mixer and a conventional dampening screw was carried out.

It was concluded that intensive mixing improves surface distribution
and gives better moisture penetration all around the kernel especially
in the crease.

Fisher (16) tested a number of wheats before and after tempering
with an intensive mixer and found that the range of moisture, in the
wetted samples, between individual wheat kernels was statistically
Tess than in the same wheat before wetting. When the same tests were
performed, wheat wetted by a conventional conveyor gave opposite results,
i.e. there was an increases spread after wetting. Samples of wheat were
prepared containing different ranges of dry kernel moistures. These
wheats were milled and analyzed by Ward and Wingfield on the Miag-
Multomat experimental mill. The results indicated that improved milling
results as measured by yield, patent percentage, ash, and profitability
were obtained. They were in direct relation to the degree of uniformity
in individual kernel moistures. Fisher concluded that the commercial

improvements being noted are probably also due to these same phenomenon.

Single kernel moisture content
Wheats of mixed origins were reported to have generally wider
moisture content ranges than those derived from the same crop at
equilibrium. This moisture content range is temporarily increased by
exposure of wheat kernels to dry or damp atmosphere.
The moisture variation between wheats of different origins, of

the same crop or between kernels of the same ear is due mainly to
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variation in kernel size, shape, consistency, and degree of maturity
at harvest (31).
| Oxley (31) in his study of moisture content of single kernels of

wheat reported that wheat grains which have been stored in small
containers have a standard deviation in water content ranging from 0.13
to 0.41%. The standard deviation of single kernel water content within
a single ear was around 0.74%.

[t was suggested that moisture variations of 0.5% in the mil]
mix may affect the milling in a closely regulated mill (3). Robinson
(35) noted similar data on mixing wheat varieties of different moisture
content. It was found that the moisture content of these samples
remained 0.8% apart even after 63 days.

The moisture disparity between wheat kernels accounted for
significant differences in grinding results (20, 37).

The use of unsuitable damping systems was also reported to
accentuate individual kernel moistures and milling result differences.

The study of the water content of individual kernels was thought
to provide an indirect method for investigation of the way in which
individual wheat kernels exchange water between themselves and with
the atmosphere. The differences in water content between dry individual
kernels and wetted ones could be a significant factor in the choice of

the most suitable tempering system to milling.

Test weight and electrical
conductance of wetted wheat
Test weight defines the weight of a standard volume of grain. It

provides a measure of wheat grading, a guide to the potential flour
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yield, and because of its usefulness under certain circumstances as a
guide to moisture content this test has been greatly favored by millers
(34, 36).

Swanson (38) reported that factors such as water content, shape of
kernel, condition of bran coat and internal air space are involved in
test weight variation.

When wheat was wetted and redried, the test weight decreased then
increased but it did not come back to the initial test weight. The
decrease in test weight was due apparently to kernel swelling which re-
sulted in an increase in internal air space.

Pushman (34) concluded that the decrease in test weight with
increased moisture content reflects the poor packing and lower density
of wetted grain.

It was reported that the friction coefficient of wheat kernels
increases as the roughness and the viscosity of the mass of grain
increases. When very moist the cohesive force between the grains is
strongly developed and they appear to cling to each other. The attractive
force is due to the surface tension of the wetting film of liquid.
These changes in surface friction play a greater role in altering
the test weight than do changes in grain size or density (36).

Swanson and Pence (39) stated that changes in moisture content
of wheat affect test weight, protein percent at different moisture
levels, and yield of flour. The higher the protein content of wheat,
the greater the influence of moisture addition.

Farrell (15) used an electric moisture meter (Tag-Heppenstall)

to measure the speed with which water is absorbed by wheat. He showed
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that the rate of absorption of water is very fast during the first 3 hours
then it becomes very slow. The moisture meter used was noted to be a
guick and accurate means of moisture measurement in wetted wheat;

However, the amount of water added in tempering was not indicated
accurately until 8 or 9 hours later.

A test conducted by Geddes and Winkler (18) showed the Tag-Heppen-
stall was very useful for moisture determination of ground wheat even
though it was designed for use on wheat grain.

Coleman (10) reported that the Tag-Heppenstall moisture meter could
not determine accurate moisture content of low moisture and low temperature
grain. Grain covered with ice or snow also offers resistance to accurate
testing because of the free moisture present on the surface of the grain.
He found that grain moisture estimation by conductivity measurements
depend upon the variation in electrical resistance with the change in
moisture content of the grain. The measurement of resistance is based
on Ohm's law, which states that the strength of a current equals the
electromotive force divided by the resistance.

Campell, J.D. (25) reported that endosperm particles and whole
grains react differently to slight moistening. The decrease in density
of endosperm particles slightly moistened is fully reversible on
subsequent drying. Full reversibility disappears when endosperm particles
were moistened to 20%. However, in the case of whole wheat grain, the
decrease in density is not fully reversible even at low moisture addition.
He came up with the conclusion that this difference in behavior
between whole grain and endosperm particles must be due to changes in

bran structure; endosperm modification contributes substantially to the
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lack of reversibility in whole grain only when its moisture content
is raised above 20%.

Sharp (44) found that the density of wheat grains was linearly
related to moisture content between 8 and 16%, but the original value
was not fully attained when the grains were dried.

Milner and Shellenberger did not detect cracks in wheat kernels
after they were wetted to 20% and dried at 35°C, but the density
of the dried grain was lower, by as much as 0.03, than its original

value.
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Materials and Methods
Cleaning

Kansas hard red winter wheat, Parker 76, 1980 crop, from the
Kansas State University Agronomy Farm was used.

The wheat was cleaned in the Grain Science Department cleaning
house using a permanent magnet, a pneumatic Tift aspirator, milling
separator, dry stoner separator, gravity table, carter disc separator,
entoletor scourer aspirator, and a duo-aspirator. The flow rate
through the cleaning house was adjusted to seventy pounds per minute.

The grain was conveyed pneumatically throughout.

Tempering

Clean dry wheat moisture was determined by the Tag-Heppenstall
moisture meter and the amount of water to bring the wheat moisture to
16% before milling was added by one of two tempering systems.

The first system used an intensive mixer model S5-23 manufactured by
Technovators incorporated (Plate 1 and 2a). The conveying rate and grain
depth were optimized by adjusting paddle angles so that the wheat falls
back on itself to obtain greater contact time. Its rated capacity was
adjusted to 100 pounds/minute at 105 RPM.

The second system was a three pass screw type dampener manufactured
by Mid-State Company (Plate 2b); this triple conveying screw of 25 feet
length and 7 inches outside diameter was operated at 60 pounds/minute
and 69 RPM.

The water rate for both systems was controlled by an automatic
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water meter manufactured by the Pennwalt Company.

The wetted wheat was then kept in lots of approximately 10 bushels
in stainless steel tempering bins in the cleaning house. Twelve hours
later the wheat was passed through a brush machine and removed pneumat-

ically to be milled.

Single kernel moisture content
Sampling procedure

Single kernel moisture content was determined for clean wheat
samples taken at the inlet and outlet of the tempering system.

The conveying time of the grain from the inlet to outlet was
determined to be 15 to 20 seconds in the intensive mixer and 45 seconds
in the KSU conventional screw.

Two people were needed, one for the inlet and one for the outlet
for concurrent sampling.

After running the system 2.5 minutes, time needed to optimize the
conveying rate and the grain depth, a dry sample was taken. A wet
sample was taken later by a period of time equal to the determined
transit time of grain from inlet to outlet, i.e. 15 seconds for the
mixer and 45 seconds for the conventional screw.

Concurrent 8 dry and 8 wet samples of approximately 250 grams
each were taken at a frequency of 15 seconds for a 3 minute period in
the mixer and at a frequency of 45 seconds for a 7 minute period in the
conventional dampener. The samples taken were placed in plastic bags

and sealed in metal cans.
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Single kernel moisture determination

By means of a spatula, 20 sound kernels were transferred from each
individual 250 g sample bag to a smaller plastic bag of approximate]y
2" x 3" dimension (Plate 3).

The 20 kernels were transferred one at a time from the small
plastic bag to an analytical balance by means of tweezers.

To minimize exposure to air, the bag was pressed and the opening
was closed after each single kernel transfer.

Each selected kernel was rapidly weighed to 0.000lgram and
placed sequentially on a sample grid (Plate 3). When 100 kernels were
weighed, the sample grid or plate was covered with a screen and placed
in a drying oven at 130%C for 11 to 12 hours (2, 11, 26). Upon removal
from the oven, the sample grid was covered quickly with aluminum foil
and allowed to cool for 1 1/2 to 2 hours (Plate 4). After cooling the
aluminum foil was perforated each time a dry kernel was removed and
weighed. The perforation through the aluminum foil was used to prevent
the remaining dried kernels from picking up moisture from the atmos-
phere.

If the dried kernels still under foil protection were not weighed
immediately, the plate was placed in a dessicator containing activated
alumina.

The percent moisture of each wheat kernel was calculated as follows:

% moisture = % 100
in which:
A = moisture loss in a kernel

B = original weight of the same kernel
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The time needed to weigh a single kernel was from 10 to 15 seconds,
so that the vapor exchange between the kernel and the atmosphere was
negligeable as stated by Oxley in 1948 (31). He reported that the loss
or gain of water vapor was little and did not have appreciable error
if the exposure period to the atmosphere did not exceed 30 to 40
seconds. When kernels are not weighed immediately, they can be left
for several days in a dessicator with an appropriate dessicant without
a change in weight before weighing.

The following diagram illustrates the sampling procedure used.

1. dry wheat to tempering system

2. Valve for dry wheat sampling.
8 dry samples were taken and 20 x 8 = 160 kernels were weighed
(20 kernels/sample) per replicate and per tempering system.

3. water to be added

4. Tempering system in which water is mixed with wheat

5. Valve for wet wheat sampling.
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8 wet samplies were taken and 20 x 8 = 160 kernels were
weighed (20 kernel/sample) per replicate, per temper time
and per tempering system.

6. Tempered wheat to temper bin.

The individual samples from valve 5 were sealed in a big plastic
bag and kept in a sealed can for 24 hours. One-hundred sixty kernels
were drawn from these samples and weighed at 12 hours temper; 160 other
kernels were drawn from the same samples and weighed at 24 hours temper.

Three replicates for each tempering system were performed. A
sample of 160 kernels (segregated into 8 sub samples of 20=kerne1s each)
per replicate, per tempering system, and for each temper time was used.

The following table summarizes the sampling breakdown per replicate
and per tempering system.

* After After
Dry Wet immediately 12 24

wheat wheat after hours  hours
tempering temper temper

number of sub-samples taken 8 8
number of kernels weighed

per sub-sample 20 20 20 20
number of kernels weighed

per sub-samples or per

replicate 160 160 160 160

* Eight sub-samples of wet wheat were taken once and saved to sample at
different temper times per replicate.
The same procedure was used during three replicates for each

tempering system and the data then generated was used to compute:



a) mean kernel moisture for each 20 kernel sub-sample.

in which:

X = mean

X; = each kernel moisture value (1, 2, 3,

b) 20 kernel standard deviation of moisture:

S (X1 - i)z + (Xo - ?)2 + e + (Xog - K)Z
19
in which:
S = standard deviation
X = mean

Xj = each kernel moisture value (1, 2, 3,

c) Range of moisture:

r =68
in which:
r = range
S = standard deviation.

d) Comparison of wet and dry samples:

= v
MI =

in which:

25

MI = mixing index (uniformity of moisture distribution upon

kernels).

rw = range of wetted sample.

]

rd = range of dry sample.
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Comparison of dry and wet samples was made by comparing the mixing
indexes of single kernel moisture content of dry and wet wheat at
immediately after tempering, at 12 and 24 hours temper time.

In addition, a statistical analysis was carried out to determine

the system or temper time effects on single kernel moisture distribution.

Miag Multomat experimental mill

The tempered wheat was held for 12 and 24 hours, then milled on
the Miag Multomat Laboratory mill (Plate 5a) which was equipped with a
pneumatic conveying system and modified with pre-break rolls.

The mill was fed at 750 to 800 grams per minute and run for 45
minutes each milling. The flow consisted of three breaks, five reductions
suppiemented by a grader section for grading and bolting first and second
break stocks, and a redust section for first midds grading and bolting
(Figure 1).

The break rolls had a 2 1/2 to 1 differential and the reduction rolls
and pre-break rolls a 1 1/2 to 1 differential. The break release schedule
was 50% on first break, 50% on second break and a clean up on third break.

The mi11 was allowed to warm up for 30 minutes at the beginning of
each milling test and left under load between successive milling runs.

Ten flours were produced: four break flours and six reduction flours,
red dog, break and reduction shorts and bran.

A1l ten flours and the four feeds were weighed separately to com-
pute the percent of each stream and the total flour yield. A1l the flour
produced was re-sifted on a Great Western Laboratory sifter clothed with
9xx (150 micron) silk. Flour samples of 24-30 grams each were taken

from each flour stream and from straight grade flour and analyzed
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for moisture, ash, protein, and color.

The milling runs are summarized in the following table:

Tempering milling runs/temper time date of
system 12 hours 24 hours milling
Intensive 1 i 4-26-82
mixer 2 2 4-26-82
3 3 5-24-82
4 4 5-24-82
5 5 5-24-82
KSU conventional 1 1 5-13-82
screw 2 2 5-13-82
3 3 5-13-82
4 4 5-17-832
5 5 5-17-82
- 6 5-17-82

Flour extraction, ash, protein, and color figures were reported
in tables as averages per temper time and day of milling at 14% moisture
basis.

Cumulative ash, protein, and color were computed and plotted as
overall averages per temper time and per tempering system. Total
extraction and patent flour at 0.35% ash were also computed to see the
impact that any tempering system has upon milling performance.

Analysis of variance was conducted to test if there was any time or

system effects on different flours characteristics.
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Methods of analysis

Test weight: Determination according to U.S.D.A. official grain
standards of the U.S. Grain division Agr. Mark. Service, U.S. Department
of Agriculture.

One thousand kernel weight: Determination by an electronic seed

counter using 40 grams sample (as is basis).

Pearling value: outlined by McCluggage, M.E., A method for the

determination of the milling properties of hard winter wheat and tests
of its reliability. M.S. Thesis at K.S. College, Manhattan, Kansas.
1940.

A twenty gram sample was pearled in a Strong-Scott barley pearler
for 60 seconds and sifted on a 20 wire Tyler standard sieve to remove
dust and breakage.

Flour moisture, ash, protein: AACC Laboratory methods (1).

Density of dry wheat: Determined with an air pycrometer according

to instructions (Beckman Model 930 air comparison pycrometer).

Flour color: AACC Laboratory methods, Agtron color test of flour
slurry: 14-30 (1) using disc "63" to read "0" and standard disc "85"
to read "100“; Readings on darker samples like "4 Midds" and 5 Midds"
were obtained using standard color disc "52" for "0" setting and color
disc "63" for a setting of "50". By utilizing these particular color
standards, readings may be compared on the same numerical scale simply
by adding 50 units to all readings obtained on the Tighter mill stream
samples (24).

Rate of water absorption and test weight of tempered wheat:

Kansas hard red winter wheat: Parker 76 of the 1980 crop was used. The
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grains were cleaned in the Grai- Science Department cleaning house,
then passed through a Carter Dockage Tester using the proper riddle, and
aspirated by a Kice aspirator to remove all dust and fine foreign material.

Water added to wheat was calculated by the following formula:

00 =B e R = gy ok %
1 1
100 - Mo
in which:

=
—
|

= percent moisture in the original sample
M2 = percent moisture in the tempered sample
wl = total weight of the original sample
X = weight of water added

The amount of water needed to bring the moisture to 16% at ambient
temperature was added to wheat in a rotating drum. Ten minutes were
allowed for the mixing of water to wheat.

Thirty-nine kg of wheat were tempered and placed in a plastic bag and
sealed in a metal can with 24 pounds weight on top of the wheat to create
the additional pressure usually exerted on wheat during tempering.

Samples were taken and density as well]l as moisture content were
measured by the air pycnometer (Plate 5b) and Tag-Heppenstall respectively
at different times: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, and 24 hours.

The principle of operation of the air pycnometer is based upon the
measurement of the volume occupied by 14.4 grams of wheat. Knowing
the weight in grams and the volume in cubic centimeters, the density of
wheat would be:

d = %-in g/cm3.
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in which:
d = true density of wheat (without air space)
m = weight of wheat sample in grams
v = true volume of wheat (without air space).

The calculated test weight in pounds of wheat samples can be found

as follows:
3

d.v with v = 1.25 ft
3

m
1 ft¥ = 0.035317 Titers

1 Titer = 1000 cc

m = test weight in pound

d x 0.035317 x 1000 x 1.25

m

C.T.W.* =d x 44.14625 LBS.

The Tag-Heppenstall electric moisture meter consists of a pair of
corrugated rolls, one ofwhich is electrified; the passage of wheat
closes the circuit between the rolls and thus acts as a path for the
electric current. By measuring the current (I) which has passed through
the wheat going between the rolls, the resistance (R) of the wheat is
determined and by Ohm's Law I = E/R, Voltage E, is held constant.

The resistance is inversely proportional to the moisture content.

By means of conversion tables, the moisture content may be read directly.

*C.T.W stands for the calculated test weight which is different from that
obtained if the official Boerner weight per bushel apparatus was used.
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Results and Discussion

Wheat Data
Variety code No: Hard red winter wheat, Parker 76
Moisture content of dry wheat: 11.5%
U.S. bushel weight (Lbs./1.25 ft3) = 63.05
1000 kernel weight (14% M.B.) = 27.63 g
Density = 1.448 g/cc
Pearling value = 76.4%
Protein % (14% M.B. and N x 5.7) = 14.47%
Ash % (14% M.B.)

1

1.75

Rate of water absorption and test weight of tempered wheat.

The measurements of the electrical conductance, and the density of
tempered wheat with a Tag-Heppenstall moisture meter and an air pycrometer
respectively, provides an indirect method for investigating the rate at
which water is absorbed in wheat, and the changes in test weight which
occur during tempering.

Table 1 and Figure 2 show that the apparent moisture content of
freshly tempered wheat decreases as a function of temper time. At the be-
ginning the moisture meter indicates much higher readings corresponding
to a higher moisture content than that to which the wheat was tempered
(16%). At first, almost all of the water which was added was in the bran
layers, it gradually penetrates the interior of the berry as temper time
increases; after the first 5 hours of temper, the rate of penetration

has showed down. Water absorption seems to be almost complete at 9 hours.



< Table 1. Rate of water absorption in wheat as measured by Tag-Heppenstall moisture meter.
o

Hours after

Temper 0* 1 2 3 4 5 6 7 8 9 10 11 12 24
Indicated
percent moisture 11.18 21.10 19.51 18.256 17.52 17.03 16.56 16.49 16.47 16.27 16.25 16.17 16.06 16.05

*c1< wheat moisture = 11.18%
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Further penetration is too slow to be indicated accurately by the
moisture meter. The Tatter phase, which is long, corresponds to the
penetration of some of the water already held by the outer branny layers
to the interior of the wheat kernel. The apparent wheat moisture con-
tent was only .05% above the calculated 16% moisture content at 24 hours.

Table 2 and Figure 3 show that the calculated test weight of tempered
wheat increased during the first 2 hours of tempering, then decreased
rapidly during the following 3 hours, and then Teveled off from 6 to
8 1/2 hours later. Between 9 and 12 hours, another rapid decrease in
calculated test weight was noted.

This phenomena, as indicated by the curve, could have the fallowing
theoretical explanation. At room temperature, the bran layers had held
almost all the water absorbed from its surrounding during the first 2
hours. This water seems to be placed in the grain cavities without
causing any swelling. After 2 hours of temper time, the bulk of water
absorbed seems to cause the branny layers to expand and the calculated
test weight to decrease rapidly. As temper time goes on, some of the
absorbed water leaves the bran to penetrate into the endosperm.

The pressure exerted by the tempered wheat causes the berrys to
flatten out into the interstices of grain bulk, thus causing the calcu-
lated test weight to increase slightly between 9 and 9 1/2 hours.

The endosperm seems to swell between 9 and 12 hours and this causes
the calculated test weight to drop rapidly from 63.41 to 63.01 Ibs.

The condition in which the bran and endosperm were left may be the
cause of most of the decrease in the calculated test weight to 63.23 1bs

at 48 hours of temper.
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Table 2. Wheat swelling at room temperature as shown by density measure-
ment at various times after damping.

Time in Hours Density of Wet Calculated
After Damping Grains Test Weight
Dry wheat 1.448 63.924
1 ; 1.4479 63.92
2 1.4543 64.20
3 1.4538 64.18
4 1.4445 63.77
5 1.4391 63.53
6 1.4352 63.36
7 1.4348 63.34
8 1.4350 63.35
9 1.4364 63.41
10 1.4373 63.45
11 -- --
12 1.4273 63.01
24 1.4266 62.98
36 1.4225 62.80

48 1.4325 63.24
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This is in agreement with the findings of Campell (7) who reported
that the center of the cheek of vitreous Manitoba grain had received
about half of its final moisture increment {of about 5%) in 5 hours
and about 85% in 24 hours. But, it is in contrast to an earlier
conclusion (17) that at 75°%F (24°C) water penetrates to all parts of the
grain in 2 or 3 hours.

More testing would be necessary to prove or disprove the theoretical

explanations given in this thesis.

Mixing index

The basic purpose of tempering is to distribute the moisture
throughout the wheat kernel so that a clean separation of the endosperm
from the bran is accomplished. This will minimize the amount of bran
contamination found in the flours produced.

The proper placement of the moisture in the wheat kernel depbends
upon many variables, such as kernel characteristics, amount of water
added, temperature, and tempering system used.

A tempering system, like the intensive mixer, which has been
gaining wide acceptance in the milling industry, was reported to develop
rapid mixing of water and grain, add more water in one pass, and dis-
tribute it more uniformly on the surface of wheat kernels. This improved
wetting was suspected to improve water absorption and reduce the moisture
content disparity between individual kernels of wheat, thus improving
the milling characteristics of wheat.

The standard deviation of single kernel moisture content between

the dry and wetted wheat kernels was suggested as a criterion to determine
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kernel moisture disparity. The higher the standard deviation, the
greater the moisture disparity between kernels. A ratio between stan-
dard deviation of single kernel moisture content of wet wheat and

the standard deviation of dry wheat was also calculated. This ratio was
referred to asthe mixing index (MI). When the mixing index has a number
that is smaller than one, it indicates that the standard deviation of
the wet wheat is smaller than that of the dry wheat. This in turn indi-
cates a better water distribution in the tempered wheat than in the
original dry wheat, and improved milling results should be obtained.

In this investigation, two tempering systems were used: an intensive
mixer and a conventional screw type dampner. Three replicates per system
were performed. The corresponding mixing indexes of sub-samples per
replicate and per temper time are shown in Tables 3 through 10.

The variation of moisture content in dry wheat fluctuated from one
test to another. Table 11 shows that dry wheat feeding the intensive
mixer had a moisture variation from 1.316 to 2.04. That variation of
wheat going to the KSU conventional screw was from 2 to 2.3.

Table 6 shows that immediately after mixing in the intensive
mixer, the wheat kernels had a very wide variation in moisture content
between individual kernels (an exception occurred in test #3, which
does not show a consistent trend), which decreased as temper time con-
tinued.

Table 10 shows that immediately after mixing the wheat in the
conventional screw, there was a wide variation in single kernel moisture
content. The varjation observed was nearly as big as that produced by

the intensive mixer (Table 6). As temper time continued, no consistent
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Table 3. Mixing indexes of intensive mixer. Test #1.

Sample #

M.I. at 1 2 3 4 5 6 7 8 MEANM
TO 0.768 1.738 1.031 1.261 1.320 0.983 0.746 1.196 1.130
T]2 1.014 1.279 1.072 1.190 1.290 0.808 0.806 1.182 1.080
T24 0.797 1.041 1.113 0.86 1.390 0.785 1.045 0.973 1.001

Table 4. Mixing indexes of intensive mixers. Test #2.

Sample #

M.I. at 1 2 3 4 5 6 > 8 MEAN
Ty 0.907 1.009 1.571 1.386 1.010 1.781 0.951 1.211 1.228
T1o 1.253 0.929 1.089 1.170 0.854 0.795 0.772 0.770 0.954
T24 0.963 0.789 1.009 0.784 0.789 0.836 1.056 1.046 0.909

Table 5. Mixing indexes of intensive mixer. Text #3.

Sample #

M.1. at 1 a 3 4 5 6 7 8 MEAN
E, 0.884 1.018 1.271 1.107 1.096 1.086 1.004 1.050 1.065
T1o 1.268 1.055 1.220 0.842 1.877 1.233 0.855 0.969 1.165
T 1.045 1.209 0.939 0.865 1.726 1.602 0.996 0.744 1.141

24
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Table 6. Total average of mixing indexes in three tempering tests by in-
tensive mixer.

M.I. MEAN Test 1 Test 2 Test 3 Total MEAN
at
T 1.130 1.228 1.065 1.141
T1o 1.080 0.954 1.165 1.066
T 1.001 0.909 1.141 1.017

24
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Table 7. Mixing indexes of K.S.U. conventional screw. Test #]
Sample #

M.I. at 1 2 3 4 5 6 7 8 MEAN
To 0.963 0.808 0.853 1.111 0.723 0.949 1.412 0.773 0.949
T2 0.826 1.412 1.406 1.028 0.992 0.627 1.329 1.231 1.106
Tog 1.041 0.687 1.513 1.170 0.750 0.686 1.512 0.969 1.041

Table 8. Mixing indexes of K.S.U. conventional screw. Test #2

Sample #

M.I. at 1 2 3 4 5 6 7 8 MEAN
T, 1.529 1.974 1.138 0.747 2.283 1.466 1.146 1.198 1.435
T2 1.770 0.721 1.257 0.919 2.272 1.322 1.578 1.259 1.380
Toy 1.190 1.283 0.922 1.074 1.989 1.149 1.215 0.769 1.199

Table 9. Mixing indexes of K.S.U. conventional screw. Test #3

Sample #

M.I. at 1 2 3 4 5 6 7 8 MEAN
To 1.036 1.176 1.291 0.878 0.715 1.122 1.036 1.036 1.036
T1p 1.027 1.190 1.742 0.749 1.226 0.934 1.150 1.187 1.151
ik 1.289 0.771 1.164 1.435 1.176 0.979 1.265 0.699 1.097

24
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Table 10. Total average of mixing indexes in three tempering tests by
K.S.U. conventional screw.

M.I. MEAN
at Test 1 Test 2 Test 3 Total MEAN
To 0.949 1.435 1.036 1.140
T12 1.106 1.380 1.151 1.212
T24 1.041 1.199 1.097 1.112
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Table 11. Standard deviation of moisture content in dry wheat.

System Test 1 Test 2 Test 3 Average
Intensive mixer 1.316 1.795 2.040 1.717
K.S.U. conventional 2.130 2.010 2.320 2.153

sScrew
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trend was noted between the three KSU conventional screw tempering tests.
However, the overall average tabulated in 10 under total mean, shows that
at 24 hours after mixing, single kernel moisture variations were higher
than that of dry wheat.

A statistical analysis (Table 12) using a linear procedure showed
that no time or system x time effects were noted. The only significant
difference observed was between systems. At 10% level of significance,
the intensive mixer resulted in a lower MI least square mean which means

lower moisture content disparity between kernels.

Summary

Both systems increased moisture content variation between wheat
kernels immediately after temper. As temper time continued, the moisture
variation decreased. At 24 hours after mixing, the tempered wheat had
nearly the same moisture content variations as the dry wheat when inten-
sive mixer tempered. When using the KSU conventional screw, the variation
in moisture content between kernels at 24 hours was higher than the dry

wheat by as much as 17.2%.

Experimental milling

The second objective of our investigation was to evaluate the
milling behaviors of the same varjety of hard red winter wheat tempered
through the intensive mixer and the KSU conventional screw.

The Miag Multomat experimental mill was used to run ten millings
(5 mi11ings per temper time) on wheat held for 12 and 24 hours after
being tempered by the intensive mixer, and 11 millings (5 millings at

12 hours and 6 millings at 24 hours) on wheat held for 12 and 24 hours
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after being tempered through the KSU conventional screw.

These millings were performed on different days and all streams
were collected separately and checked for moisture, ash, protein, and
green filter agtron color and joined together to form a straight grade
which was checked for moisture, ash, protein, and color.

A11 milling results tabulated per order of milling, tempering sys-
tem, and temper time are shown in Tables 13 through 22.

Throughout the following discussion, SA,SB stand for system A and B
previously referred to as intensive mixer and conventional screw and TO’
T12, T24 stand for time: immediately after tempering, 12 and 24 hours
later.

From the analysis of flour streams of different samples milled on
the Miag Multomat, total averages were computed and cumulative ash, pro-
tein, and color were drawn in order of increasing ash as shown in
Figures 4 through 15.  The mean ash content of different mills was arranged
in increasing order; the mean percent of total product for each flour
stream was reported and summed in the order of increasing ash. Each
stream percent was then multipled by its respective ash content and then
summed in the order of increasing ash. The cumulative percent of total
product times percent ash as divided by the cumulative percent of ash
as it is shown in Tables 17 and 18.

The total cumulative percent ash of straight grade flour and the
patent flour at 0.35% ash (Table 16 was obtained from the cumulative
ash calculations. These values along with the total percent extraction
of straight grade flour were used to calculate the materials value for

each tempering system.
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Table 13. Straight grade flour percent extraction per milling run at 12
and 24 hours of tempered wheat with intensive mixer (SA) and
K.S.U. conventional screw (SB). The milling runs were per-
formed per set of three (at 12 and 24 hr temper) on different

days.

MiTling SA,T SA,T SB,T SB,T
hund 12 24 12 24
1 67.82 70.44 70.56 70.84

2 69.57 69.42 71.38 71.03

3 — - * 71.00 70.76
Average” 68.70 69.93 70.98 70.88
4 72.24 73.37 71.88 71.57

5 71.71 72.57 71.47 71.82

6 71.77 73.06 - ® 71.90
Average’ 71.91 73.00 71.68 71.76
MEAN 70.31 71.47 71,33 71.32

* Data not available

* Average of milling runs on the same day for each tempering system.
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Table 14. Straight grade flour moisture content from different milling
runs at 12 and 24 hours of tempered wheat with intensive
mixer (SA) and K.S.U. conventional screw (SB).
Milling SA,T SA,T SB,T SB,T
Run # 12 24 12 24
1 15.0 13.3 14.7 15.0
2 14.1 13.8 14.4 14.1
3 - % - % 14.3 13.9
Averaget 14.6 13.6 14.5 143
4 14.7 14.7 14.8 14.3
5 14.4 14.5 14.2 14.5
6 14.2 14.3 -~ * 14.4
Average' 14.4 14.5 14.5 14.4
MEAN 14.5 14,1 14.5 14.4

* Average of milling data run on the same day for each tempering system.

*
Data not available.
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In calculating the materials value (Table 23), each product percen-
tage was multipled by its respective market price per hundred pounds.
On that date, patent flour was selling for $10.00/cwt., clear for
$8.27/cwt., and feed for $5.00/cwt.
The products were then summed to obtain the materials value in
dollar per hundred weight milled.
Cumulative color*and protein curves were also plotted for both tempering
systems at 12 and 24 hours temper time. They were calculated on the
basis of increasing ash content. Al11 calculations were the same as that

for cumulative percent ash ata 14% moisture basis.

Flour analysis

Tests of significance for the statistical analyses were performed on
straight grade flour extraction (Table 13). It was found that system and
time had no significant effect on the percentage of flour yield as well
as its moisture content (Tables 13 and 14).

Data from different millings showed a singificant day and milling
effect, caused by some uncontrolled variables in the milling process.
The two first milling runs performed on wheat after being tempered by
the intensive mixer showed lower extraction than those done later, be-
cause that day, the room temperature was fluctuating and the break rolls

were set a little bit Tloose.

Summary

The percent ash in straight grade flour was affected by the type

of tempering system used at the 10% level of significance. Data in

* Tables 21 and 22, the color of streams in straight grade flour was
assumed to be additive.
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Table 15. Straight grade flour percent ash, protein, and color. Averages
per day of milling, temper time, and tempering system.
Tempering Milling Percent ash Percent Protein Agtron color
System Day # T]2 T24 T12 T24 T]Z T24
Intensive 1 .406 .421 12.50 12.52 116 114
Mixer 2 L4417 .424 12.69 12.83 114 116
MEAN .424 .423 12.60 12.68 115 115
K; Sl 3 .445 .453 12.90 12.58 110 111
Conventional 4 .442 .444 12.93 12.87 113 110
Screw
MEAN .444 .449 12.92 12.73  111.5 110.5

Table 16. Patent flour percent extraction, percent protein, and color at
0.35% ash content. Averages per day of milling, temper time, and
tempering system.

Tempering Milling Patent % extraction Percent Protein Agtron color

System Day # T12 T24 T12 Tog T]z T24

Intensive 1 55.80 57.55 12.254 12.180 122.6 121.0
mixer 2 51.21 59.72 12.208 12.641 123.2 122.0

Average 55.01 58.64 12.231  12.411 122.9 121.5

K.S.U. 3 49,54 46.07 12.30 11.63 119.1 120.0

Conventional 4 45.78 48.53 12.53 11.93 1250 118.2

Screw
Average 47.66 47.30 12.42 11.78 122.1 119.1




53

SANO|4 40 uoLjewWNS - §
(20npoud |e303 JO %) A3Ljuend = )
("9'W %41) usy = v
¥e e’ 00¢ " 0€ L9771 00€°¢ eer 1L BE9 0 WS
e 90v" £€L°8¢ viL'¢ 002°1 8 0L 29¢°¢ W
ve 6LE" 610792 LL8°1 G6S” 285789 Ge1'¢€ A4€
|74 69€" el e £69°€ 0€s” L2V 59 9/6°9 WE
|24 0se” G 02 71971 0sb” 16%°89 £85°¢€ 49
¥e EveE” 1€8°81 L[1E°2 06t" ¥98° 19 06" S A4e
ve BEL” AR €6L°¢ 63t " ¥26° 81 662’ L A9
ve 62¢” 124°¢€1 865°L ove” 699 I 9%€ " 2¢ We
7 L1es €21°9 V2L € Gee” €2e’6l AT AN WI
¥e Gog” 66€°2 66€°¢ G0E” 998", 998"/ W
Al wev’ 88L'62 Giv'1 0s1°¢ 12€°0L 869°0 We
A Lov” £L£°8¢ 210’ 0811 £99°69 61972 WY
A BLE" 19€°9¢ €vsl Gvg” 0" L9 1€8°¢ ag
¢l VAN 818°€¢ ¥09°€ 0os” €1 9 802°L WE
cl GGE” vic "0¢ £€69°1 0Ly 600" LG L[1G°E 49
4! Lve’ 196°81 G96°¢ 0 88V €9 0¢e"L A4l
Al BEE” 965 °G1 18€°2 GOv- gal of 8.8°§ H4e
A gee”’ Gl el ¥G8°€ ove" 06¢ 0t GEE'TT WIT
el ECE” 19€°6 68679 0EE” G56°8¢ 8L1°1¢ We
el GOE” elE’ e ¢LE 2 GoE" LLL™L LLL°L UWI
JAnoy ul ysy 40 4 ¥ X0 ysy % X W s3onpoad  39npoud weaJ3s
awL} ALle[NUN)  SALje|nung 3onpoud wil [e103 JO % [e3101 AN0 | 4
4adwa ) 18303 JO % ysy % aALIELNUND 40 9
0 408
vXD40S yxXDI0S ¥XD Y D408 0

(sbeaane |ejo0])
awLy Jadwel sanoy 2 ¥ 21
A3XLW IALSUITUT
SuUOL3eINIeD YysSe dALIe|hwn)

"Ll °lqel



54

SJnO|J 4O uoLjeumns = §
(30npoud e303 jo %) A3tjuenh = B
(sLseq suanjsiol %4T) Usy = y

ve 6bv- 9£0"¢¢ 9851 0GE "2 01e 1L G/9°0 WG
¥e ey’ 0sv- ot GBI "€ o0or°1 G€9°0L G272 7
ve 66€° G9¢°L2 ¥68°1 G19* 09¢€ "89 080°€ ag
ve 63t " 1.£°6G¢ TR 09G° 082599 GOb "L HE
e L9¢t” teec 12 Lv8°1 0Lt” GL8°LS 0€6°€ 49
¥e 6get " LLE° 61 2s9°¢ Gev- GP6°ES 0te 9 A42
124 IGE" G2/°91 988°¢ Gov” S0L" LY L TAR A9
174 | 4775 6EBET G697 L 0st” 0850t G86°1¢ We
ve oee” w19 €v/L°€E gye” 56581 04801 W1
|24 0TE" 1ov°2 10v°¢ ote- SvL°L i} T Uil
¢l e LP9°1¢ 089°1 05t "¢ GEE" 1L %970 WS
¢l Gev” £90°0¢ 8E0°¢ 0sv 1 069°0L G60°¢ Wi
¢l bee” 620°L¢ 14L°1 G9G-° G65°89 GET'E pk: 13
¢l 93¢ - 85¢°49¢ 62" ¥ §6G° 09%°59 008°¢ WE
A £9e”’ 6¢6°0¢ 089°1 1 099° LG G/L°E 49
21l LGE’ 61261 T/1°€ ]% G88'ES GLE"L A91
¢l gve” 8L0°91 1) 47 11N 0Ls 9% 056°9 pbir
21 9EE” 8€9°E1 ¥26°€E gve” 096" 0P GLE"TI WT
Al 5% vii'6 LvE" L gve" G8I "6¢ G612 We
Al 00g" L9E"¢ L9€°¢ 00t " 6871 68°L HWT
JNOY Ut ysy Jo % VXD sy % X g W s3onpoad 3onpoad weauls
awLl SALle|nung sALle|nung 3onpoud Y3 [e30] jO % Lej03 ANO | 4
Jadwa | 10301 JO ¥ ysy 4% aALleNuND 40 9%
D 405s .
vxbhjos YXxGisos Y XD ¥ 0 405§ 0
(obeaany |e3o0])
awL] Jadwd) sunoH vz § 21
M34DG |BUOLIUBAUO) *N°S°Y
suoLielnajen ysy sAaitjeinun) gl 9|gel



55

L SCREW

M
R
A

— L ==

75.00

62.50

50.00
TOTAL PRODUCTS

37.50
74

25.00

CUMULATIVE

12.50

b0 b0 680 /€0 560 €00 e 0 62 00
HSY dAT1Y 1NWND 9]



56

FIG.D5.

L SCREW

75.00

50.00 62.50

TOTAL PRODUCTS

b4

37.50

25.00
CUMULATIVE

12.50

Sy~

-1

T T T T .
-0 2870 S¢-0 c€eo L0 62 00

£b-0 b0 :
AT LIV INKWND o

6
HSVY



57

75.00

50.00 62.50

TOTAL PRODUCTS

37.50
4

CUMULATIVE

25.00

12.50

Sb° 0 $p 0 b0 650 /€0 6o 0 ce0 1§ 0 62 00
HSY AT LV INKWND e



58

37.50 50.00 62.50 75.00
CUMULATIVE % TOTAL PRODUCTS

25.00

12.50

650 /S0 5o 0 ce0 £:0 6200
Im<m>HH<JDZDQ , @

Sv'0 £v-0 lF-0



3

Tables 15, 17, 18 and Figures 4, 5, 6, 7 show that although there was
but 1ittle variability in ash content between temper time within each
tempering system, there was a significant difference in thé cumulative
ash curves between both systems at 12 and 24 hours temper time. Figures
4 and 5 show clearly that the intensive mixer had lower cumulative ash
percent at 12 and 24 hours.

Twelve and 24 hours temper appear to give nearly the same cumulative
ash percent within each tempering system (Figures 6 and 7).

The method of tempering had a significant effect at 1% level on
flour color. Tables 21, 22 and Figures 12 and 13 show that the cumulative
green filter agtron color was lower or darker in flour obtained from
samples tempered in the KSU conventional screw at 12 as well as 24 hours.
Little color difference was noted between 12 and 24 hours within each
tempering system (Figures 14 and 15).

While ash content and agtron color of flour vary from one tempering
system to another, the protein recovery (protein % of flour) did not
demonstrate a consistent trend as shown in Tables 19, 20 and Figures 8,
9, 10 and 11.

Figure 8 shows that at 12 hours, the conventional screw gave higher
protein recovery. The amount of protein recovered at 12 hours temper
when using the conventional screw was also higher than that at 24 hours

(Figure 11).

Patent flour
Patent flour characteristics at 0.35% ash were drawn from cumulative

ash, protein and color calculation tables. Patent flour percent extraction,
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protein content, and color are tabulated in Table 16. This shows that
the method of tempering has a singificant effect on patent extraction.
Wheat tempered through the intensive mixer gave higher patent extraction
at 12 and 24 hours. The differences were 7.35% and 11.34% at 12 and 24
hours respectively.

Time had no effect on patent percent as far as KSU conventional
screw is concerned, but it did on intensive mixer tempered wheat. The
difference was 3.63% in favor of 24 hours temper.

Temper time made a difference in protein recovery with the conven-
tional screw, but not with the intensive mixer. The type of tempering
system made a difference in protein recovery at 24 hours temper. At
24 hours, the conventional screw produced the least amount of protein
recovery.

Patent flour produced from samples tempered in the intensive mixer

had a brighter color.

Relative dollar value of milled products

Table 23 shows that after assigning relative values for patent
flour, clear flour, mill feed and computing the recovered value of
the products per 100 1bs of flour, the intensive mixer yielded slightly
higher value at 12 as well as 24 hours temper. The differences were

$0.093/cwt and $0.201/cwt at 12 and 24 hours, respectively.
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Conclusions

In each of the tests described and detailed above, a comparison was
made on the performance of an intensive mixer to that of a conventional
tempering screw at ambient temperature. Principally, the objective of
this work was to investigate whether the intensive mixer had the ability
to reduce moisture disparity between wheat kernels, as measured by the
mixing index, which would result in flours of higher yield, lower ash,
and better color, as has been reported by some milling industries.

The observations, and statistical analysis performed show that both
tempering systems increased moisture disparity between wheat kernels immed-
iately after tempering. As temper time continued, the moisture disparity
decreased. When tempered with the intensive mixer, at 24 hours, the wet
wheat reached nearly the same moisture content variation as the dry wheat;
this sjtuation changes when wheat is tempered with the KSU conventional
tempering screw, in that a disparity of 11.2% higher than that of dry
wheat was observed.

Moisture disparity as affected by the method of tempering, was
significant at the 10% level. Milling tests showed that the method of
tempering had no significant effect on the percentage of total flour yield.

Cumulative percent ash was affected by the type of tempering system
used at the 10% Tevel of significance. The Agtron green filter color of the
flour streams was also affected at the 1% level of significance. The in-
tensive mixer gave lower cumulative percent ash and brighter flour color
at 12 as well as 24 hoursrtemper than did the conventional screw temper,

No clear differences were noted at 12 and 24 hours within each tempering

method as far as ash and color are concerned.
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The inconsistent trend showed by protein recovery from the different
millings was not conclusive.

The recovered total value of products per 100 1bs. of flour was higher
in the intensive mixer by $0.093/cwt, and $0.201/cwt at 12 and 24 hours
respectively.

It can be concluded that under conditions under which the experiments
were performed, the intensive mixer model $-23 was found to perform better

with regards to flour ash, Agtron green filter color, and recovered value.
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Suggestions for future work

Possibilities for future work may include the continuation of
tempering tests with emphasis on the following:

A. A comparison of results obtained in the present investigation
to results that are obtained using the two systems in commercial scale
mill by treating different wheat mixes and using feed back micro-
computer to control wheat and water feed rate fluctuations.

B. Baking tests along with milling tests would be needed for a
complete evaluation.

C. Further work should be done in the mechanical action of the
intensive mixer paddles upon wheat kernels. It appears that the mechanical
action of paddles at high speed disloges the germ, abraids the bran
coat and thus might facilitate water penetration into wheat berry.

D. A test of hardness before and after tempering along with the
single kernel moisture content determination would be of interest.

E. Moisture disparity between small and big wheat kernels as well
as white and dark color kernels could be investigated under careful
sampling, rapid weighing, and restricted variations in conditions between
the numbered places occupied by the kernels during the course of the

determination.
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Wheat conditioning is the preparation of clean wheat for milling
using moisture, time, and possibly heat through using various pieces of
equipment commonly referred to as tempering system. The success of a
given system is based on its ability to facilitate the extraction of the
endosperm from the bran and improve the friability of the endosperm so
that it can easily be reduced in size to flour, with a minimum of bran
contamination.

Among the tempering systems in use nowadays, the intensive mixer has
been gaining wide acceptance in the milling industry and was reported
superior to other tempering systems by commercial mills.

In this investigation, a comparison was made between the performance
of an intensive mixer and a triple tempering conveying screw using cold
water, with the wheat at ambient temperature.

The objective was to investigate whether the intensive mixer had the
ability to reduce the moisture content disparity between wheat kernels,
and thereby give flour of higher yield, Tower ash, and whiter color.

A study of milling results, using one variety of Kansas hard red
winter wheat, after being tempered by both systems was undertaken. A
determination of the water content of individual dry and wet kernels pro-
vided an indirect method for investigating the way in which individual
kernels absorb and exchange water, as this is a significant factor in
tempering system selection.

Both systems increased individual kernel moisture content disparity
immediately after temper. As temper time continued, this moisture disparity
decreased. At 24 hours, the wet wheat had the same moisture disparity

between kernels as that of the dry wheat when tempered with the intensive



mixer. Wheat tempered with the conventional tempering screw, on the other
hand, resulted in an increased moisture disparity of 11.2%.

Milling tests on the Miag Multomat éxperimentaT mill showed that the
method of tempering had no effect on the percentage of flour yield nor
its moisture content.

The intensive mixer gave lower cumulative percent ash and whiter flour
color at 12 and 24 hours temper time. No significant differences in ash
content or color were noted at 12 hours or 24 hours within a given tempering
method.

The inconsistent trends of protein recovery, for either system was not
conclusive.

The recovered dollar value of milled products per 100 1bs. of flour
was higher for the intensive mixer by $0.093/cwt and $0.201/cwt at 12 and

24 hours respectively.



