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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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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.












































































































































































































