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INTRODUCTION AND REVIEW OF LITERATURE

Air stabilization is a very broad subject to discuss and can in-

clude almost anything we want to mention in connection with a flour mill.

[t seems generally that not too much attention is given by fhe mil-
lers throughout the world to this extremely important factor on the mill-
ing operation. On the other hand, most of the experiments and investi-
gations into this subject have been carried out Targely by American in-
vestigators. This might be due to the wide variation in the atmospheric

conditions all year around in the United States.

Recently, there has been an apparent lack of research on this subject,
which makes it very necessary to achieve this research and let it be
another step toward finding those facts behind the influence of relative

humidity on milling operations and processes.

[t is essential to know something about the history of "Air sta-
bilization: and the meaning of this term. Kice (15) indicated that mil-
lers have long been aware of the influence of air on their milling pro-
cesses. At first, they were mainly concerned with humidity. Accordingly,
an installation using one of the early Carrier air washers as a central
humidifier was found in the Wichita Flour Mills 50 years ago. The same
humidity system during that period was carried out in many mills. Recently,
air stabilization system has become more popular among the mills in U.S.A,.

and some mills around the world, 1ike in Saudi Arabia (15).
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The term air stabilization might lead to the misunderstanding that
means cooling units to keep the millers comfortable in the summer. Kice
(16) mentioned that actually the term originally meant "complete control

of air temperature and humidity and purity and movement - all year around."

It has Tong been known the significance of relative humidity on
milling operations. Guthrie and Norris (8) considered that flour mois-
ture and total yields depend more on atmospheric conditions in the mill
than upon the moisture content of the wheat. Miller (25) indicated that
control of moisture in mill stocks is actually a problem of controlling
the deficiency of moisture in the air in contact with these stocks. te
found that high air temperatures produced high evaporation Tosses and made

proper conditioning of the air difficult.

Ferguson (11) considered that the commercial mill worked best when
the conditioned air was kept between 65° and 70°F during the winter months
and as cool during the summer as well water could make it. Conditioning
the air increased the capacity during the summer months. Henkle (14)
observed during a 10-month operating period that the temperature ranged
from 72° to 840F, with an average relative humidity of 62%. He observed
that evaporation from mill stocks during milling was twice as great during
the summer as in the winter. Cooling by roll, purifer, and elevator suction
was considered mainly due to evaporation. Pence (38) found that there may
be a large loss in the moisture content of the wheat entering the first
break rolls when the relative humidity is low. Moisture is absorbed by
some stocks when relative humidities in the millrooms are maintained
higher that 65%. Also, he indicated that 1ittle changes in bolting
capacity resulted concerning the variation in size of openings in silk

bolting cloth due to changes in humidity.



Arnold (6),regarding the air conditioning in the commercial mill,
considered that the most important part was the removal of excessive heat.
He maintained his roll floor at 78°F and 55% RH. Melvin (22) considered
the best winter temperatures in the mill building of 60° - 70°F and found
that higher temperature necessitated compensation through decreased rate

of feed to the first break rolls.

Some millers prefer relatively low humidities in the millrooms.
Thus, Arnold (6) quotes May as preferring 40% RH or lower. Robbins (39)
also considered 40% a desirable relative humidity for mill rooms. Vilm
(45) mentioned that controlling the temperature of mill stocks and re-
lative humidity within the roll stands was equally as important as con-

trol1ling the atmospheric conditions in the mill rooms.

Everybody who works in a flour mill might note the enormous in-
fluence caused by moisture on the milling operations, even if there is
relatively small change. Concerning the effects of evaporation from
wheat and mill stocks on the processes of milling, Kautz (17) concluded
that the effect of the rate of evaporation from mill stocks on the main-
tenance of the stocks in the best condition for milling depends so much
on humidity conditions that the length of temper, the temperature of
tempering, and even the temperature due to grinding have little influence
compared with that of humidity conditions. Anderson (2) believed that:
more heat must be removed from the rolls and stocks by evaporation than
by radiation; otherwise, temperature far above practical 1imits would be
attained by stock and rolls. During milling, the moisture content of various
stocks tends toward  equilibrium with the moisture of the surrounding

environment, and variations in moisture content affect the yield of



products materially. Shollenberger (40) showed that by using a small
experimental mill in which the humidity of atmosphere was controlled, for
each 10% increase in RH above 35%,there was an average increase of appro-
ximately 0.5% in the total weights of milling products. He found no ap-
parent relationship between air temperature and yield of products, so he
concluded that humidity was a minor factor of importance. Also,he indi-
cated that there is no relationship between flour moisture and amount of
added tempering water. Frank (12) opposed this, finding that

moisture added to commercial mill mixes influenced the moisture content

of the flour milled.

Considerable work has been reported upon the equilibrium relative
humidities of wheat and flour; in one of the investigations (27) the fol-

Towing table has been published:

Re1at1veWHum1dity Equi]ibri;m Moisture
30 9.5
40 11.0
50 12.0
60 13.5
70 14.0
30 16.0

Among others, Frank (13) indicated that if 5 1b packs exposed to a rela-
tive humidity near the equilibrium figure of 60% change in weight by about
.1% during a period of eight week's storage but lost about 1.7% in weight
in three days when RH of the environmental atmosphere was reduced to about
45%. Anderson (3) found a change of about 5% in equilibrium humidity for

each 0.9% change in wheat moisture. Working with hard wheat he found the



following relationship:

ReTative/Humidity Moisture in Wheat
% ‘ %

50 12.0

60 13,75

70 15.6

Anker, Geddes, and Bailey (5) found that if the flour was stored at a rela-
tive humidity much below the equilibrium Tevel the moisture can be Tost
rapidly, but if the cpposite happened, the flour will have reabsorbed the
moisture but not in the same rate. Also,they showed that the flour
moisture was affected by both relative humidity and temperature of air

in the storage room.

One of the best studies upon the effect of temperature and relative
humidity on experimental flour yields and flour properties had been ac-
complished by Bayfield, Anderson, Geddes, and Hildebrand (8). They found
that relative humidity is reponsible for greater changes in flour charac-
teristics during milling than air temperature. A series of milling tests
were carried out on a Buhler laboratory mill (*) and Altis-Chalmers
batch-type mill in which the stocks are handled manually. Two varieties
of wheat were milled in duplicate on each of two mills at millroom temp-
erature of 70°, 80°, and 90°F and at 40, 50, 60, 70, 80 and 90% relative
humidity at each temperature level. Flour yield values were computed as
percentaée of straight grade flour. Bayfield and et al. (8) indicated
that higher relative humidity 1owers'mi11ing loss and reduce the ash con-

tent of flour, while lower relative humidity makes Eifting easier and

*It is continuous - flow, enclosed, automatic type of experimental mill
but not pneumatic as the one used in this research.



improves extraction, although it increases milling loss.

Air conditioning is not in very great use in Britain (20). It has
been stated earlier that 65°F and 60% are the optimum temperature and
humidity for mi11ing in that country (20). Lockwood (20) pointed out
the advantages of controlling the humidity and temperature in the mill
as following: 1) Mill will run more regularlys 2) Less sweating and :
pasting up of silks; 3) Mill loss will be reduced; 4) The mill will
be a more pleasant place in which to work; 5) Insect pests will be
more easily controllable. Murray (35) accomplished another important in-
vestigation in Britain upon the influence of atmospheric humidity on mill
operations. He reported (35) that controlled conditions of atmospheric
conditions do not appear to be practiced in flour mills in Europe, except
perhaps in one or two isolated cases. Several mills have installed modi-
fied plants largely for the purpose of air filtration and forced ventila-
tion. Murray (36) pointed out that when the phenomenon of electrification
in sifting becomes severe, processers are sometimes brought to a stand-
still and this can only be avoided by controlled atmospherié humidity
level. Also,he concluded (37) that :a) to obtain the ideal conditions
of clean air evenly distributed throughout the mill at constant and con-
trolled temperature and humidity all year round, a complete air condition-
ing plant of the Central Station type with air distribution trunking is
recommended,and this will give the most effective assistance in attain-
ing regularity and improved quality of mill; b) When the extent of ca-
pital expenditure is limited or structural problems are existed, it can be
used a simple system of filtering and forced ventilation of air to im-
prove atmospheric conditions in the mill. They result in cooler stocks and con-

sequent better dressing and provide dust free and more hygenic products.
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In West Germany Kuhn (18) also pointed out the significance of re-
lative humidity control and how we should pay more attention to it. He
recommended using the impregnated cellulose-hydrate foils as the most
suitable method for controlling relative humidity in each floor of the
mill. Atmospheric humidity control is important, too, in offices and
conference rooms. As Kuhn mention, it has been physically demonstrated
that human beings are at their most comfortable in atmospheres with a re-
lative humidity between 60% and 75% when they are doing manual work and

of about 55% for mental work.

It seems that a relatively wide range of humidifiers has been used
in various investigations which were carried out in the United States.
Bayfield et al. (8) used 40, 50, 60, 70, 80, 90% relative humidity,
Singh and Bailey (41) used 85%-90%, Bergsteinson, and Hadley (9) used
70%, and McCluggage (21) 50%. Less attention seems to Héve been given

mill room temperatures (8).

Micka and Vrana (23) studied the influence of humidity and tempera-

ture upon sifting. The obtained the best results at 70%F and 70% RH.

It is well known to millers that the moisture is one of the most
important factors concerning wheat and flour, simply because it is playing
an extremely important role during milling operations. First, there is
the economic aspect (28). Obviously the Tower the moisture level of the
wheat when purchased, the greater will be the grain in Sringing it up to
normal milling moisture (28). Second, moisture is of prime importance

in regard to the keeping gualities of the grain.



Moisture also has enormous effects in the actual milling. High
moisture in the wheat and mill stocks causes more sluggishly
flow down spouts and hoppers (29). Also it is noted that the flow
of stock is greatly affected by atmospheric humidity. As mentioned
(29), on sticky, humid days, especially during hot weather, the feeds
to the coarse lower breaks, also the fourth break and certain other low
grade flours, continually tend to back up, and if left untended for any
length of time, are Tikely to cause a formidable choke. Wheat with
higher moisture reduces the power because its potent effect on the way
in which the wheat breaks down, but the power per sack of flour may rise

if the moisture is increased (29).

When the moisture is increased (30) in wheat or atmosphere, there
will be a tendency for flour extraction to drop. Flour regularity is
one of the most important flour quality characteristics favorad by
the bakers (31). This characteristic (31) is affected by the
moisture and extraction percent. Therefore, controlling those two fac-

tors will greatly help control the flour regularity.

The relationship between wheat and flour is not always only af-
fected by the moisture percent in the wheat. Actually, many factors are
causing these effects. The way in which the water is added and distri-
buted in grain, what happens in milling, and the atmospheric conditions
have all considerable influence on the moisture contents of the flour

(-32).

From the miller's viewpoint moisture has three main aspects: a)
its operational effect b) its effect on flour quality, and c) its

economical value (33). On the other hand, high moisture tends to make



milling more difficult. Stocks will become more difficult to break down
and flow, and also do not sift so freely. So, obviously, the moisture test
is one of the most important tests in milling and should be given enough

attention and done accurately (34).

It has been realized that the moisture content of a flour is not
a fixed characteristic like its protein or its fiber content (27). So,
it is not unusual to find some changes in the weight of flour in the pack

after a period of time.

Another study has been carried out (42) to determine the relative
humidity of the air over wheat which has been tempered to different moisture
contents and, also, th determine what effect time after tempering has on the
relative humidy over the wheat at the different moisture contents.

The conculusions were that the relative humidity over the wheat has become
practically constant after 16 hrs have elapsed, while not too much change

has taken place between 8 and 16 hrs after tempering.

The use of air in milling increasing very fast happens mainly because
of those advantages of using the pneumatic system over the conventional type.
Abbott (1) reported those advantages as: 1) high efficiency, 2) im-
proved bolting, 3) better infestation control, 4) less building costs.

But, the main disadvantage he mentioned is the necessity to temperature
and humidity control because the possibility of evaporation from mill stock
occurs whenever the moisture content of the stock exceeds the equilibrium

value which is determined mainly by the relative humidity of the surrounding air

Lanzrein (19) mentioned that today's higher specific loads on all

the equipment do not allow for too many outside influences and the
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added heat results in condensation and unsanitary conditions in the

plant.

Experimental milling (26) of small samples of wheat is accomplished
with a wide variety of equipment and with a wide variety of purposes.
Pneumatic experimental mills are used to get conditions and results ap-
proximately similar to those in the commercial mill. A milling in a
non-pneumatic and non-continuous flour mills also was taken place for
comparing the effects which were caused by relative humidity. Bayfield
et al. (8) mentioned that it may be expected that the stocks within the
mi11ing machines are exposed to both warmer and more moist air than with-
in the mi1l building for at least a major portion of the time during the
mi1ling operation, because moistened (tempered or conditioned) wheat is
fed into the system continuously and heat is generated by the milling
machine. Also,they reported that the principal purposes of experimental
milling are to find how a wheat may be expected to mill commercially
without carrying out a large-scale test on the commercial plant and to
obtain a sample of flour which will be representative of flour which

would be produced from the wheat if it were milled commercially.

Anderson (4) in making a comparison of experimental and commercial
milling results, showed that commercial units used a greater number of
grinding operations for reducing the endosperm to flour. With the experi-
mental laboratory mills, i.e., Buhler, Allis-Chalmers, etc., with small
number of grinding operations, the grain was subjected to more severe
grinding than was practical in the commercial mills with 5 to 6 breaks.
According to Miller (24) “"the purpose of experimental milling is no more

than the gathering of evidence concerning the characteristics of given
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small samples of wheats." It has been concluded by Bailey and Markley (7)

that Buhler mill is useful for predetermining the commercial milling.

This study is a continuation of many studies which had been carried
out in the department of grain science & industry at Kansas State Univer-
sity for several decades and about different subjects. The main purposes
of this study are: 1) To find out whether variation in relative humidi-
ty affects flour extraction, ash, protein, moisture, and milling operations;
2) To find out if optimum RH% for milling can be recommended; 3) To
conclude whether it is important to have air stabilization unit in the

mill or not.
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MATERIALS AND METHODS

HRW wheat for the entire experiment was cleaned on laboratory se-
parator and stored in large metal containers in form of 5 kgs bags. Ana-

lytical data for this wheat is given in Table 1.

Four different kinds of mills were used. Two of them were pneu-
matic (Multomat and Buhler mills) and two non-pneumatic (Quadrumat Jenior
and Quadrumat Senior mills). The reasons for that were: 1) To see the
effect of the relative humidity more clearly when the air was used in the
mill; 2) Most of the mills today are pneumatic which can give a better

idea about what is going on in the most of the commercial mills.

The wheat was milled in triplicate on each of four mills at rela-
tive humidity 40, 50, 60, 70%, also at RH 80 and 90% on Buhler and Qua-

drumat Senior mills.

The subsample was withdrawn for each milling and tempered to 16%
by adding water and allowing the sample to stand for 24 hours at the room

temperature.

Table 1. Analysis of Wheat

Test Weight 1000 Kernel Weight Moisture % Protein % Ash %

59.75 ' 33.8 12.5 11.7 1.8

e e it 4 - . e
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The samples were milled on a Multomat and Buhler mills (representa-
tive of the pneumatic, continuous-flow, automatic type of experimental
mills) andlélso on Quadrumat Senior and Quadrumat Jenior (representative
of the non-pneumatic. Specifications for these mills are shown in Figures:

1-1, 1-2, 2-1, 2-2, 3-1, 3-2, 4-1, 4-2.

Atmospheric conditions in the_millroom were maintained within approxi-
mately +2° RH by means of humidifier unit suspended near the ceiling and
dehumidifier unit fixed on the bench. The readings for relative humidity
were obtained by using the sling psychrometer. It gives the reading
for wet and dry bulb thermometer, then by using psychrometric chart we

can get that particular relative humidity.

About 12 hours before milling, the controls were brought into appro-
ximate adjustment for the conditions desired. A "warm-up" sample was
milled on each mill before starting the actual milling so that final ad-

justment could be made up and the room conditions brought to equilibrium.

At the end of each day the flour samples were held in cold storage

until they were taken to the laboratory for chemical analysis.

Protein, ash, and moisture determinations were made in triplicate.

The results of protein and ash were corrected to 14% moisture basis.
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PNEUMATIC MILLS

Fig. 1-2. Miag-Multomat Mill

Fig., 2-2.  Buhler Mill
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NON-PNEUMATIC MILLS

Fig. 3-2. Quadrumat Jr. Mill

Fig. 4-2. Quadrumat Sr. Mill
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Results:

The data obtained have been submitted to statistical analyses. For
these analyses, results obtained in triplicate for each mill, means,
standard deviations are calculated and the correlation coefficients are
computed. The mean values, standard deviations for flour extraction, milling
loss, moisture, proteins and ash of all flour streams, are tabulated.

1) Flour Extraction: Results and statistical data are shown in Table II.
The Buhler and Miag-Multomat mills gave a much higher yield than the Qua-
drumat Sr. and Quadrumat Jr. Mills. This is due to incomplete clean-up
of bran and presence of unreduced middlings found during rebolting which
were not included in the flour weight. With Buhler and Miag-Multomat mills
the yield decreased markedly with increasing millroom humidity (See Fig. 5).
The effect of humidity on the stocks was very clear with these mills because
these are pneumatic type mills and use air for transporting stocks from
one stage to the other. When the humidity conditions are changed in the
room, it affects humidity of air in the room and, therefore, the stocks. But,
when Quadrumat Sr. and Quadrumat Jr. were used, no significant effect was
observed in the data of analyses. This is due to the reason that these mills
do not use air to transport stocks within the system, and so variation in

humidity of the room does not have any significant effect on the milling.

These mills which have a tendency for flour extraction to drop when

humidity in the atmosphere is increased can have many causes.
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Table II. Results of the Influence of RH% on Flour Extraction and the
Statistical Data.

Sample No.

Mi1l RH% 1 2 3 Average Standard Deviation

Miag-Multomat 40 71.91 71.86 72.36 72.04 27
50 72.00 71.88 71.75 71.88 .12
60 71.36 71.20 71.87 71.48 .35
700 71.14 71.59 7l 18 71.30 28
Mean 71.67
Standard Deviation .34
Correlation Coefficient - .98

Buhler 40 72.64 72.29 72.77 72.55 25
50 71.63 71.03 71.68 71.45 .36
60 70.61 70.35 70.09 70.35 .26
70 70.15 70.02 70.07 70.08 .065
80 67.89 67.37 67.50 67.59 .27
90 66.89 67.14 67.06 67.03 » 13
Mean 69.89
Standard Deviation 2.16
Correlation Coefficient - .98

Quadrumat Jr. 40 61.04 61.04 60.64 60.90 .08
50 60.69 60.56 61.04 60.76 .24
60 61.04 60.60 60.84 60.83 .22
70 61.04 61.04 60.80 60.94 .11
Mean 6N .85
Standard Deviation .09
Correlation Coefficient + .40

Quadrumat Sr. 40 65.92 65.99 65.58 65.83 i 22
50 65.72 65.78 65.59 65.70 .10
60 65.88 66.12 65.65 65.88 .23
70  66.07 65.93 66.00 66.00 07
80 65.92 65.86 65.93 65.90 .04
90 65.78 65.75 65.86 65.80 .06
Mean 65.85
Standard Deviation .10
Correlation Coefficient + .27
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This is due (30) to the tendency for the wheat fragments to remain more
whole and for generally reduced rates of sieving, the trend towards a
lower percentage of throughs from nearly every sieving operation is na-
tural. Another reason for reducing sieving rate is that flour particles

tend to cohere and pass less readily the meshes of the sieves (30).

2} Moisture Content: Referring to Tables III-A, III-B, I[II-C, III-D it will
be seen that the Buhler and Miag-Multomat milling stocks showed a clearer
effect because of the variation in humidities than the Quadrumat Sr. and
Quadrumat Jr. did. This difference may be accounted for by the relatively
greater exposure of the 'stocks to the atmosphere where pneumatic system

was used in the case of Buhler and Miag-Multomat mills.

Taking the results for those two mills, stocks moisture increased

with increasing humidity in the millroom.

It is known that moisture not only leaves the air and enters the
solid material. This exchange of moisture is continuous under all humi-
dity conditions. As it was reported by Anderson (4) there are three pos-

sible conditions relative to the amounts of moisture which are exchanged:

1. When the amount of moisture leaving the mill stocks is greater

than the amount which returns.

2. When the amount of moisture returning to the stocks is greater

than that which is Teaving.

3. MWhen the amounts Teaving and returning are equal.
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Table III-A. The Effect of Relative Humidity on Moisture Content.

MIAG MILL Relative Humidity
Stream -40% 50% 60% 70%
1BK 14.4 14.7 14.7 15.0
2BK 13.8 13.8 14.8 15.3
GR 12.9 14.0 14.6 151
3BK 12.5 12.9 14.0 14.5
1M 12,1 13.5 14.5 14.6
2 M 13.4 13.5 14.1 14.4
3 M 13,3 13.0 13.8 14.0
1 Mpad 13.1 13.5 14.0 14.2
4 M _ 12.5 12.0 13.2 13.5
5 M 11.6 11.0 12: 8 12.6
R.D. 10.6 10.8 12.0 12.2
Red. Sh. 10.5 10.6 11.8 12.0
Bk. Sh. 13.3 13.0 14.1 14.3

Bran 13. 1 13.8 19,1 15.7




Table III-B.  The Effect of Relative Humidity on Moisture Content.

BUHLER MILL Relative Humidity
STREAM 40% 50% 60% 70% 80% 90%
1BK 13.8 1349 14.1 14.7 15.4 15.8
2BK 12.7 13.8 13.8 14.2 15:5 15.5
3BK 11.4 12.1 12.4 13.7 14.8 15.8
M 13.4 13.6 13:8 14.7 14.8 15.7
M 11.7 12.5 12.5 13.6 14.0 14.9
3M 3l B 12.3 12.4 14.1 14.5 15..3
Shorts 10.4 11.8 12.4 12.6 14,1 16.0
Bran 13.1 13.9 14.1 14.6 17,0 373




Table III-C. The Effect of Relative Humidity on Moisture Content.

Relative Humidity

QUADRUMAT JR..  40% 50% 60% 70%
STREAM

Flour 18, F 15.8 15.5 5.7

Bran 16.0 16.2 16.1 16.0

Table III-D. The Effect of Relative Humidity on Moisture Content.

Relative Humidity

QUADRUMAT SR.  40% 50% 60% 70% 80% 90%
STREAM

BK-FL 15.4 15.4 15.3 15.3 16.0 15.8

Red.-FL 15.6 15.5  15.4 15.4 15.7 16.0

Shorts 14.1 14.0 14.2 14.2 15.4 15.7

Bran 15.9 16,2 16.1 16.0 16.8 17.0
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The results of Buhler and Miag-Multomat Mills can be explained

according to those three positions which are mentioned above. If more
moisture leaves or evaporates from the.stocks than the amount which re-
turns to them, the stocks become dry because of the unequal rates of ex-
change (3). The second condition exists when moisture is returning to
the mi1l stocks at a faster rate than moisture is escaping from the mill
stocks into the air. This second condition exists when there is such an
amount of moisture in the air surrounding the stock that the net result
is absorption of moisture out of the air by the solid material or mill
stocks (3). The third condition exists when equal amounts of moisture
are exchanged between the mill stocks and the surrounding air. Moisture
leaves the stock and enters the air. Moisture also leaves the air and
enters the stock, particle for particle, so that no change occurs in the

amount of moisture present in either the stock or the surrounding air.

The figures for relative humidity alone do not give the true pic-
ture. To see just what changes in moisture have taken'p]ace.it will be
necessary to consider the actual moisture content or the absolute humidi-
ties. From the psychrometric table and chart the actual grains of mois-
ture present per 1 pound of dry air in saturated mixture foot under the

temperature and humidity conditions can be known and are given in Table IV.

In Miag-Multomat, the calculated (44) amount of air which was used
per 1 pound of milled wheat was 11.6 1b of air/l1 1b of wheat, while in
Buhler mill was 12.7 1b of air/1 1b of wheat. The grains of moisture
for each mill found to be the same for all its streams. This may be
due to having the same pipe diameter and velocity pressure in that par-

ticular mill.
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Table IV.  The Amount of Grains Moisture/l1 1b air (Pneumatic Mi]Ts):

Relative Humidity

404 50% 60% 70% 80% 90%
1) Miag-Multomat
Temp. (F°) 68 75 75 74
Density of air 1b/CF  .0745 .0734 .0734 .0736
Grains of Moisture/ 46 66 75 82
11b dry air
Grains of Moisture/ 55.7 79.2 90.75 99.2
11b dry air for
each stream
2) Buhler Mill
Temp. (F°) 77 75 74 69 71 70
Density of air 1b/CF .0730 .0734 .0736 L0740 0738 .0739
Grains of Moisture/ 56 68 74 78 92 100
11b dry air
Grains of Moisture/ 51 62.6 67.3 71.8 34.6 92

11b dry air for
each stream
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3) Ash Content: From the data in Table V, it will show that Buhler
mil]l produced flours of significantly higher average ash content than

the Miag-Multomat mill, which is in accord with mill specifications.

Flour ash with both mills, decreased with increasing relative
humidity. No significant relationship was shown between the flour ash
and relative humidity when Quadrumat Sr. and Quadrumat Jr. mills were

used (see Fig. 6, 7, 8, 9).

The decreasing of flour ash with increasing of relative humidity
in the pneumatic mills is due simply to decreasing of flour yield under
the same atmospheric conditions that are used for evaluating the ash

content.
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Table V., Results of the influence of RH% on Ash content{on 14% moisture
basis)and the Statistical Data.

Sample No.

Mill RH % 1 2 3 Average Standard Deviation

Miag-Multomat 40 .4 .425 417 421 .006
50 .406 .412 .407 .408 .003
60 .36 . 391 . 382 . 386 .006
70 .352 .357 .361 . 357 .004
Mean . 393
Standard Deviation .028
Correlation Coefficient -.98

Buhler 40  .494 .504 4510 .503 .008
50 .459 .452 .463 .458 .005
60 .441 .451 .445 .446 .005
70 .426 .431 421 .426 .005
80 .425 .423 .421 .423 .002
a0  .402 .400 .398 .400 .002
Mean .443
Standard Deviation .036
Correlation Coefficient -.9%

Quadrumat dJr. 40  .458 L4472 LA48 . 449 .008
50 .448 447 .450 .448 .002
60  .456 .448 447 .450 .005
70  .446 .447 .449 .447 .002
Mean .448
Standard Deviation .001
Correlation Coefficient -.40

Quadrumat Sr. 40  .367 . 370 .361 . 366 .004
50 .364 . 365 .62 .364 .007
60 .368 «363 .363 . 365 .005
70  .359 .371 .364 . 365 .006
80 .360 . 366 . 366 . 364 .006
90 .360 . 365 .364 .363 .003
Mean . 364
Standard Deviation .002
Correlation Coefficient +.10
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4} Protein Content: Table VI gives the effects of relative humidity
upon flour protein. Significantly higher protein values were obtained

with pneumatic mills, with Tower humidities (see Fig. 10, 11, 12).

The variation in values was not too much, but it gave an indicator
about the influence of relative humidity on flour protein. The variations
might be higher if large quantities of wheat were milled and wheats with

high percent protein were used.



36

Table VI. Results of the Influence of RH% on Protein Content (on 14%
moisture basis) with Statistical Data.*

Sample No.
Mill RH % 1 2 3 Average Standard Deviation
Miag-Multomat 40  10.28 10.22 10.16 10.22
50 10.20 10.18 10.16 10.18
60 10.08 9.99 10.15 10.07
70  10.03 10.10 10.06 10.06
Mean 10.13
Standard Deviation .08
Correlation Coefficient - .96
Buhler 40 . 10.19 10.20 10.20 10.20
50 10.13 10.22 10.21 10,18
60 10.07 10.14 10.23 10.15
70 10.01 10.17 10. 10 10.09
80 10.11 9.90 9.88 10.06
90 9,83 9.99 10.02 9.95
Mean 10.11
Standard Deviation .09
Correlation Coefficient - .95
Quadrumat Jr. 40 10.66 10.20 10.11 10.12 A
50 10.11 10.15 10.24 10.17 07
60 10.04 10.09 10.16 10.10 .06
70 10,14 10.06 10.12 10.11 .04
Mean 10.12
Standard Deviation .03
Correlation Coefficient - .41
Quadrumat Sr. 40 9.94 9.99 9.86 9,93 .06
50 9.97 10.00 9.87 9.95 .07
60 9.96 9,90 9.84 9.90 .06
70 9.97 9.86 9.93 9.92 .06
80 9.98 g.91 9.87 9.88 .02
80 9.93 g.84 9.91 9.91 .02
Mean 9.92
Standard Deviation .024
Correlation Coefficient - .64

*The figures are representing the accumulative protein.
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5) Milling Loss: Referring to Figure 13 it will be seen that milling
loss responded to the variations in humidities and mills in the same man-
ner as flour yield. Higher losses are due to the loss of moisture because
of the dry atmosphere, dry atmosphere can be an important factor in
creating the dust and increasing the milling loss. This can be result

in an unsanitary and unsafe situation.
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Discussion

This study clearly demonstrates that variations in millroom rela-
tive humidity influences flour extraction and all flour properties in-
vestigated when pneumatic mills were used. In this type of mills where
the ajr is used to transfer the milling stock has more contact with at-
mospheric condition than the non-pneumatic mills. This can bring up the
variations in millroom relative humidity inside the mill and affect the

milling operations.

The standard deviation for the influence of variations in relative
humidity on flour extract-on and flour properties was significant only

when the pneumatic mills were used..

The correlation coefficient (=r) was calculated as a measure of
how strongly related x (= RH %) and y (= flour extraction and flour pro-

perties, in a linear sense). There are three conditions for (r) (10):

1) If r >0 - Tlarge x-values tend to associate with large
y-values or small x-values tend to associate
with small y-values.

2) If r <o - large x-values tend to associate with small

y-values or small x-values tend to associate

with Targe y-values.

3) Ifr=0 -+ x and y are linearly unrelated.

If r =1 (10) then a straight line fits the data perfectly and
y can be perfectly predicted from x. The further r from £1, the less

retated x and y.
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In our data we can see clearly how strongly x and y were related
to each other when pneumatic mills were used. While x and y were weakly

related when non-pneumatic mills were used.

The response for using a wide variation in RH % and pneumatic mills
was to get the tendency of producing flours as nearly as possible identi-
cal in properties with those which wou]d be obtained by commercial-scale
milling. The use of such conditions would minimize the need for trans-

lation of results.

60 - 70% RH might be recommended for milling operations. At lower
level of RH % (40 - 50%) we got higher milling loss and higher ash content
but not significantly higher protein. At higher level of RH % (80 -
90%) we got lower ash but lower extraction. Also,dry conditions resulted
in more dry dust in the atmosphere which is not good when consid-
ering dust explosion. Humid conditions resulted in condensation because
of heat inside the mill which can cause also choke-up. So,we then can
conclude that there are many disadvantages with using dry or humid con-
ditions including the producing of unsafe and unsanitary condi-
tions in the mill. Using 60 - 70% RH can give us the reasonable
results. If we could maintain this level by using any kind of air stabi-
lization unit, then we can get the required specifications for our pro-
ducts almost all year-around with all advantages which are mentioned

before.
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Conclusions

Flour extraction 'decreased with increasing humidity for those pneu-
matic mills. Nothing significant was there for those non-pneumatic ex-

perimental mills during all the observations.

Flour moisture increased with increasing humidity in the atmosphere.
Miag-Multomat produced higher moisture flour than the Buhler mill for

the same RH %.

Flour ash increased with decreasing relative humidity. Buhler mill

gave higher ash than Miag-Multomat mill.

Flour protein responded to variations in RH % in the same manner

as flour ash.
Mi1ling loss decreased with increasing in RH %.

According to the most reasonable results we may recommend 60 - 70%

relative humidity as the best for flour milling.

Also,our investigation showed the necessity of having an air stabi-
lization unit in the plant, particulary those plants which are using
pneumatic systems. Finally, this investigation can be improved by getting

more controllable millroom atmospheric conditions.



APPENDIX

CUMULATIVE ASH & PROTEIN FOR
MIAG-MULTOMAT AND BUHLER MILLS
OF TRIPLICATE SAMPLES FOR EACH
PARTICULAR RH % USED.
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ABSTRACT

Hard Red Winter Wheat for the entire experiment was cleaned on lab-
oratory separator and stored in large metal containers in form of 5 kgs.

bags.

Four different kinds of mills were used. Two of them were pneuma-
tic (Multomat and Buhler mills) and two non-pneumatic (Quadrumat Jr. and

Quardrumat Sr. mills).

The wheat after tempering to 16% moisture was milled in triplicate
on each of four mills at relative humidity 40, 50, 60 and 70% and also at

80 and 90% on Buhler and Quadrumat Sr. mills.

Atmospheric conditions in the millroom were maintained within appro-
ximately +2° RH by means of humidifier unit suspended near the ceiling
and dehumdifier unit fixed on the bench. The readings for RH % were ob-

tained by using the sling psychrometer.

Protein, ash, and moisture determinations were made in triplicate.

The results of protein and ash were corrected to 14% moisture basis.

According to the results, nothing significant was there for those
non-pneumatic experimental mills during all the observations. The
results of the pneumatic experimental mills showed that with increas-

ing humidity in the atmosphere the following effects can be noticed:



1) Flour moisture increased

2) Flour ash content decreased

3) Flour protein content decreased
4) Flour extraction decreased

5) Milling loss decreased

6) Grinding and sifting were difficult.

Final conclusions showed the necessity of having an air stabili-
zation unit in the plant, particularly those mills which are using

pneumatic systems.





