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Summary

YDRAULIC pressed soybean oil quality is

affected a great deal by the moisture of the

beans at the time of milling. At moistures
above 12 to 13% the oil quality deteriorates sharply.
A great improvement in the oil from wet or even
moisture damaged soybeans can be made by drying
the beans to below 129% before milling. Even badly
deteriorated (sample grade) beans have been vastly
improved.

Blending of wet and dry soybeans to an average
moisture -below 12% does not seem to yield as good
quality oil as drying wet beans to a corresponding
moisture.

Normal variations in other soybean characteristies
determining bean grade have lesser effects on soybean
oil quality. Some data on the effect of bean damage,
splits, off-color varieties, and foreign material are
included in this paper.

Hydraulic oil mills operating on soybeans will be
able to make large improvements in oil quality by
drying whole wet beans at the mill and by removing
foreign material from the beans.

HE large increase in soybean production during

the last two years combined with severe restric-
tions on the erection of additional erushing capacity
has made it necessary to erush considerable quantities
of soybeans in hydraulic press mills. Most of these
mills are in the south and operate normally on cotton-
seed. It seems probable that many of the mills will
continue to crush soybeans whenever possible in order
to fill out the short operating season on cottonseed,
particularly since there is increased soybean produc-
tion in the south. The effect of bean characteristics on
oil quality from hydraulic pressed soybeans is conse-
quently of much more current interest than it was a
few years ago when the great majority of all soybeans
were processed on continuous presses.

Soybeans are purchased by grade according to the:
. Minimum test weight per bushel.

. Per cent moisture.

. Per cent splits.

. Per cent damaged beans.
. Per cent off-color beans.
. Per cent foreign matter.

No work has been done on the effect of the test
weight, but the other five variables have been ex-
amined to determine the effect on oil quality. This
work was started in 1935 ; most of the tests were made
on the 1936 bean crop with supplementary tests in
the succeeding years.

Equipment

The present tests were made on pilot plant hy-
draulic equipment, consisting of an attrition mill for
cracking, a 4-high stack roll, a batch cooker, 22” in
diameter and 18” high, a former making a 6-1b. cake,
and a 7-box press. Illustration No. 1 shows the roll,
cooker, former, and press. A charge of 50 lbs. of
soybean flakes was used. Three runs were made on
each sample of beans, the first being used to flush out
the equipment. An oil sample of 15-20 1bs. represent-

[ L

165

ing each sample was collected from the second and
third runs. Most of the soybeans were from the Illi-
nois and Iowa areas, but many varieties and many
states are represented. '

Pilot Plant Oil Milling Equipment.

Each charge was cracked, rolled, and introduced
into the cooker at natural moisture, heated as rapidly
as possible with jacket steam to 170-200° F'., humidi-
fied with hot water to a moisture level of about 16%,
and finished at 225-230° F. in 35 minutes.

Oil Quality Tests

The oil was first refined. The method used was
slightly different from the present A.0.C.S. stand-
ards, because the latter had not been adopted at the
time of the tests. The refined and filtered oil was
then bleached with 3% of domestic earth; and the
bleached oil was deodorized. The technique used in
handling the oil after the erude was prepared has
been described fully by Sanders (1), who has also
defined the significance of the tests in determining oil
quality.

Four tests were used to determine
ity or edibility :

1. Lovibond red color of the deodorized oil.

2. Flavor of the deodorized oil. The flavor rating was good,
fair, or poor and is comparative only.

3. Lovibond red color on the aged, deodorized oil. A rapid
aging at 140° F, for three days was used.

4. Flavor on the aged, deodorized oil.

Soybean moistures were determined by the Bidwell-
Sterling (toluene distillation) method for most of
the runs. For some of the supplementary runs a
high frequency moisture meter calibrated against the
Bidwell-Sterling value was used.

Effect of Soybean Moisture on Oil Quality

The results of the tests are shown in Graphs No. 1
and 2. It is seen that the oil quality obtained from
soybeans from 8 to 129% moisture is good. Between
12 and 13%, the quality begins to deteriorate and
becomes rapidly worse above 13%. The aged colors

actual oil qual-
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GrAPH No. 1. Soybean moisture vs. color of deodorized oil.

and flavors are the best indices of quality in that
original differences are magnified. Indeed, individ-
ual fresh flavors and colors are sometimes misleading
as to the ultimate quality of individual samples of oil.

coCD St FRESH O/
— AGED lou.
FAIRY ~l .
T FAR x| x| [ohede
g _ . =i
E FAIR-| x x \4* . T - -
POOR - x

7 8 9 /O N 2 I3 /4 /5 /6 /7 /8 /9
% SOYBEAN MOISTURE

/6 o NS 7 T 44
NUMBER OF RESULTS AVERAGED INTO EACH FPOINT

GrAPH No. 2. Soybean moisture vs, flavor of deodorized oil.

The graphs show the effect of bean moisture at the
time of milling and include naturally wet beans that
have been dried as well as naturally dry beans. Four
of the individual results of drying beans, selected at
random, are shown in Table 1. It is seen that all the
samples fit the curves very closely. Consequently, it
seems apparent that wet beans that have not been
permanently damaged, i.e. that are processed soon
after harvesting, ean be dried to give practically as
good oil as naturally dry beans. About two-thirds of
the results averaged into the points below 12% were
from originally wet beans, and the other third were
naturally dry beans, at least as far as their history
could be ascertained. Lovibond red ecolor of the
bleached oil, hereafter called RB Color, is included
in the table for direct comparison with bean moisture
in Graph No. 3.

A further test was made to check the effect of
moisture alone by humidifying No. 1 grade Illinois

TABLE 1

Per cent Deodorized Oil Quality

moigture Jol RB
Sample when avor Color Color
milled | Fresh Aged Fresh Aged

1. 15 Fair Fair—| 1.1 6.0 6.2
11.9 Fair Fair .5 1.1 2.5
2. 15 Fair Poor 1.6 6.3 6.5
10.3 Fair—| Fair 4 1.0 2.1
3. 20 Fair Poor 1.2 6.3 5.9
11.6 Fair Fair— .5 1.1 2.2
4. 20 Fair—| Poor 2.5 6.6 6.9
11.9 | Fair—| Fair— 5 1.9 1.6

seed beans from 10% to 12, 14, and 16% moisture.
The following table shows the same deleterious effect
although the qguality was slightly better than the
average of ordinary mill-run beans. This might have
been suspected from the excellent quality of the
beans.

TABLE 2
Humidifying Dry Beans
Deodorized Oil Quality
L]
““A% Milled” RB
Bean Moisture Flavor Golor Color
Fresh Aged Fresh Aged
1. 9.8% Fair+4 Fair 0.8 1.1 2.2
2.12.5% Fair Fair— 0.5 1.2 2.6
3.14.29 Fair Poor 8.6 2.2 4.6
4,.16.49 Fair Poor 0.6 4.3 6.7

Effect of Blending Wet and Dry Beans

To test the effect of blending wet and dry beans, a
wet and a dry sample were mixed in three ratios and
compared to the original results on these samples. As
shown in Table 3, the quality of the blends was defi-
nitely poorer than that from beans of corresponding
moisture. For instance, the sample containing 50%
of wet beans averages only 12.59% moisture and is
within the good quality range; but the oil is as poor
as from beans with a natural moisture of about 14%.
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GraPH No. 3. Soybean moisture of bleached oil color.
TABLE 3
Evaluation of Blending Wet and Dry Beans
Deodorized Oil Quality
Sample %‘2"6 Flavor Color CI:lBor
Fresh Aged Fresh Aged
a. Sample A............ 10.4 Fair Fair .5 1.2 3.1
Dry Beans
b. 75% Sample A...] 11.7 Fair— | Fair— 8 1.6 3.5
25% Sample B
¢. 50% Sample A...| 12.5 Poor Poor 1.6 3.0 5.5
50% Sample B
d. 259% Sample A...| 14.0 Poor Poor 2.1 54 8.1
75% Sample B
e. Sample B....cvuueres 15.2 Fair— | Poor 1.8 5.5 8.0
‘Wet Beans.

Bleached Oil Color as an Index of Hydraulic
0il Quality
Sanders (1) showed that a quick test which is a
good index of oil quality is the bleached Lovibond
red color (RB Color). Graph No. 3 shows an excel-
lent correlation between the soybean moisture and
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TABLE 4
Effect of Splits
Soybeans Deodorized Oil
Condition RB Color Flavor Color
% H,0 % Splits Fresh Aged Fresh Aged
A,
1, Sample C.
a, Held 2 wks, at 70° ¥ 15* <10 6.2 Fair Fair— 1.1 6.0
b. 100%split—Held 2 wks. at, 15* 100 6.8 Fair— Poor 1.4 6.2
¢. 100% sptit—Held 2 wks, at 120° 14* 100 6.5 Fair Fair— 1.8 5.2
(dried out
n storage)
d. Same as 1 above but dried.......ccceviiriicivinricninieciinnicninn, 11.9 100 3.6 Fair— Fair— 1.4 2.2
2. Sample D.
a. Held at 90° F. for two weeks. 11.6 <10 2.2 Poor** Fair— 0.5 1.1
b. 100% split—Held at 50° F. for 11.7 100 3.1 Fair— Fair— 0.7 1.8
8.9 0 4.6 Fair Fair— 0.8 1.3
9.1 100 5.6 Fair Fair— 0.8 1.4

*Moisture meter result.
**Possibly a poor deodorization.

the RB Color. It is particularly interesting to see
that the RB Color shows the same sudden increase in
the moisture range from 12 to 14% that is exhibited
by the aged color and flavor of the deodorized oil.
Such an accelerated change is not shown by the fresh
color and flavor, which merely decrease in quality
fairly uniformly as the bean moisture increases. In
other words, the RB Color, which ean be obtained in
less than 24 hours, seems likely to give an even
better indication of the quality of the aged sample
than that of the freshly prepared finished product.

Effect of Per Cent Splits

The effect of splits was checked by splitting two
samples of beans in an attrition mill, holding the
samples for two weeks, and milling the splits along
with the original samples. The results are shown in
Part A of Table 4. One sample dried out during this
short storage and can be assumed to show better
quality than would otherwise have been obtained. A
third sample containing a high proportion of splits
was separated by screening and the whole beans and
splits were milled separately and compared to the
original sample as shown in Part B. The results show
a definite poorer quality from splits, but the magni-
tude is fairly small.

Effect of Damaged Soybeans

A numerical value for damage in a sample of soy-
beans is very difficult to obtain. Grading for damage

depends entirely upon the personal judgment and
experience of the grader and has none of the stand-
ardized mechanical aids that are used in the other
grading factors.

The results of 15 samples obtained during a single
season have been grouped according to moisture in
Table 5. The bean grading was done by a single oper-
ator in accordance with government standards and
instructions. The results show a slight positive cor-
relation between bean damage and poorer oil quality,
except for the samples containing 13 to 14% moisture.
It is believed that borderline damage to samples,
which is not included in the per cent damaged beans
by government standards, is an important factor that
obscures the true correlation. Even within the official
definition of ‘‘damage’’ exists a wide variation in the
actual deterioration.

TABLE 6
Effect of Off Color Beans
Flavor Color
Sample % H;0 [RB Color
Fresh Aged Fresh Aged
1. 1009% Illini.. 9.8 2.2 Fair+ Fair 0.6 1.1
2. 1% black...... 10.2 2.2 Fair+4 Fair 0.6 1.4
3. 2% black.....| 10.0 2.2 Fair4 Fair 0.6 1.1
4. 3% black...... 10.0 2.3 Fair Fair 0.5 1.1

Effect of Off Color Beans

The effect of off color beans was checked by adding
1, 2, and 3% of black soybeans to No. 1 grade Illini

TABLE 5
Effect of Bean Damage
D i 0Oil
Soybeans eodorized Oi
Sample 01211(3” Flavor Color
% H20 % Damage Fresh Aged Presh Aged
1. Below 13% H,0
a. J 12.5 1.3 2.0 Fair— Fair— 0.4 1.2
b. I 11.8 3.7 2.1 Fairt Fair— 0.6 1.3
c. H 11.6 7.5 2.4 Fajr— Fair 0.6 1.4
a. v 11.9 over 509% 3.3 Fair— Poor 0.5 1.9
2. Between 13 and 149, H.0
a. K 13.2 2.0 9.3 Fair Paor 2.8 9.2
13.0 3.2 7.2 Fair— Fair— 0.7 1.3
13.8 3.4 6.7 Fair Poor 0.4 4.1
13.8 5.9 6.1 Fair— Fair— 0.8 3.2
3.
14.6 2.1 5.8 Fair Poor 0.5 3.5
14.9 4.9 5.6 Fair Poor 1.2 4.0
14.8 6.5 6.6 Poor Poor 0.9 5.9
14.4 6.6 7.4 Fair Fair— 0.8 6.3
14.2 10.2 6.7 Fair Poor 1.9 5.4
4.
15.6 4.6 7.7 Pair— Fair— 0.9 6.2
16.2 9.0 6.9 Fair Poor 1.1 6.0




168 OIL & SOAP, JULY, 1945

TABLE 7
Effect of Foreign Material
Deodorized Oil
Sample % FM % Ha0 RB Flavor Color
Color

Fresh Aged Fresh Aged

1. a. 0.1 12.2 2.7 Fair4- Fair4 0.7 | e
b. 3 (added) 12.0 2.9 Fair4 Fair 09 | ...

[ 6 (added) 11.5 3.7 Pair Fair— 1.1 [ ..

d. 9 (added) 11.2 3.1 Fair— Fair— 1.3 | ...

2. a. W-—trashy, poor quality beans 15 12.2 12.9 Fair— Poor 9.2 11.3
b. W—screened 0 12% 9.3 Fair— Fair— 3.3 6.3

3. a. X 11.3 10.0 4.3 Fair Fair— 0.6 1.8
b. X—secreened 0 10.4 3.2 Fair Fair 0.5 1.2
4. 8. Y 2.1 10.6 2.2 Fair Fair 04 1.1
b, Y—screened 0 9.9 2.2 Fair Fair 0.5 1.0

beans. The results in Table 6 show no significant
variation.
Effect of Foreign Matter

A great difference can be expected to exist in the
quality of the foreign matter in soybeans. The first
test was made by separating the foreign matter from
a quantity of soybeans by screening and adding 3, 6,
and 9% to the Illini seed beans. The results in Table
7, Part 1, show a marked deterioration in quality with
increased foreign material. A second series of tests
was made by milling several samples that were high
in foreign material and comparing the oil to that from
the same beans after the foreign material had been
removed by sereening. The results show the same
general trend of quality improvement by foreign ma-
terial removal. Considerable quantitative variance in-
results should be expected in this type of test because
of the non-uniformity of the material being removed.

Conclusions

The moisture of soybeans at the time of milling is
a most important factor in obtaining good oil guality.

It has been known that high moisture would cause
soybeans to deteriorate in storage (2), (3), but the
great effect of moisture at the time of milling whether
on fresh or stored beans has not been published pre-
viously as far as is known.

The effect of splits and of damaged beans has not
been established in any quantitative measure with the
available data.

Foreign material is shown to be damaging to oil
quality and a quantitative measure is shown by one
test, but the unit effect of such material undoubtedly
varies widely with its own characteristies.

In order to improve soybean oil quality, a hy-
draulie oil mill should dry all beans to the mill to
below 12-13% and clean the beans of foreign material.

REFERENCES
1. Sanders, J. H. “Predicting the Flavor Stability of Soybean Oil."
Oil & Soap 21, 357-360 (1944).
2. Huge Soybean Crop and How to Store. U. 8. Dept. of Agricul-
ture Press Bulletin, Sept. 23, 1935,
3. Markley, Klare 8. and Goss, Warren H. The Chemlstry and Tech-
nology of the Soybean and Its Derived Products. 1942

Modification of Vegetable Oils

III. Fractional Crystallization of Fatty Acids From Solvents—
Separation of the Solid and Liquid Acids of Cottonseed Oil

W. S. SINGLETON, MADELINE LAMBOU, and A. E. BAILEY
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coworkers (4,5,6), Barle and Milner (8), and

DeGray and DeMoise(7), have demonstrated the
feasibility of separating saturated and unsaturated
fatty acids by fractionally ecrystallizing mixtures of
the acids from solvents at low temperatures. In pub-
lished work in this field interest has centered on
solvent crystallization as an analytical tool or as a
method for the preparation of fatty acids of high
purity. The object of the work reported here was to
determine practicable conditions for carrying out the
Jess exaecting separations invelved in the preparation
of industrially useful produets. Attention was given

‘ FARIOUS investigators, including Brown and

10ne of the laboratories of the Burean of Agricultural and Industrial
Chemistry, Agricultural Research Administration, U. S. Department of
Agriculture.

not only to the separation of cottonseed oil fatty acids
into solid (saturated) and liquid (unsaturated) frac-
tions, but also to the similar fractionation of the
fatty acids of hydrogenated cottonseed oil. In the
case of the hydrogenated acids, the solid acids in-
clude iso-oleic acids produced during the course of
hydrogenation.

Experimental Procedure

The fatty acids used were obtained from two dif-
ferent lots of raw cottonseed oil and from a single
bateh of hydrogenated cottonseed oil. The latter was
hydrogenated under conditions deliberately chosen to
produce a rather high content of iso-oleic acid (3).
Analyses of the fatty acids are listed in Table 1.



