OIL & SOAP, NOVEMBER, 1945 307

TABLE V.

F-Values for Physical and Chemical Analyses. Data From Four
Varieties of Sunflower Seeds Grown at Seven Stations in 1943

Bu. Weight
test per 1000
weight | kernels

Proportion
hulled seed

Whole seed (air-dry basis):

Varieties 9.841 | 108.82! 9.601
Stations.....orumerecens 2.897 6.24 8.99
Haulls (moisture-free basis) : Ash Nitrogen 0Oil
Varieties. i, 1.02 7.251 1.85
Stations g xsrsesasamnnsasransns 6.06* 10.26* 1.85
Haulled seed (moisture-free basis) : Ash Nitrogen| Sugar 0Oil
Varistie: 80 2.18 3.702 5.81t
Stations 6.35% 7,011 3.022 5.78
. Todine Linoleic
0Oil from hulled seed: No. |Oleic acid] acid
Varieti 13.00* 11.93' | 12.621

Stations 5.271 7.16t | 6421

1 Significant, 1% point.
2 Signifcant, 5% Dpoint.

four varieties grown at seven locations, contained an
average of 29% oil which was composed chiefly (51 to
68%) of linoleic acid glycerides. The eight varieties
of safflower seeds grown at Huntley, Montana, con-
tained an average of 33% oil, with an average content
of 78% linoleic glycerides. Data on the amounts of

ash, nitrogen, sugar, as well as oil, are presented for
the whole seeds and their fractions.
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Some Factors Which Affect the Determination
of Oil in Soybeans'’

F. I. COLLINS and ORLAND A. KROBER*

CCURATE determination of the percentage of
A oil in soybean seed is of great importance to the
plant breeder in the development of high oil
produeing strains. It is equally important that co-
operating laboratories be able to secure comparable
analyses. Commercial processors of soybeans are also
vitally interested in improving the accuracy and re-
producibility of their analyses. The present official
A.0.C.8. method (1,2) is still subjeet to considerable
variation as shown by the fact that in the analysis of
seven samples by 79 collaborating laboratories the
standard deviation was about 0.34% oil. Some of the
variations in results may be caused by differences in
fineness of initial grinding, moisture content of the
meal, relative humidity, and different techniques at
regrind time. It was the purpose of this investigation
to study the effect of these factors on the determina-
tion of oil in soybean seed.

Materials and Methods

The soybeans studied comprise lots of four varieties
(Chief, Dunfield, Lincoln, and Illini) each of which
was carefully cleaned and divided with a Boerner
sampler into portions of several hundred grams each.
Some of these samples were predried, using the of-
ficial A.0.C.8. method (1), and immediately placed
in one quart metal containers with tightly fitting lids.

_ *A publication by the U. 8. Regional Soybean Laboratery, a coopera-
tive organization participated in by the Division of Forage Crops & Dis-
eases, Bureau of Plant Industry, Soils, and Agricultural Engineering,
Agricultural Research Adminpistration, U.8.D.A,, and the Agricultural
Experiment Stations of Alabama, Arkansas, Florida, Georgia, Illinois,
Indiana, Iowa, Kansas, Louisiana, Michigan, Minnesota, Mississippi,
Missouri, Nebraska, North Carolina, North Dakota, Ohio, Oklahoma.
South Carolina, South Dakots, Tennessee, Texas, Virginia, and Wis-
consin.

3Associate chemist and agsistant chemist, respectively, U. S. Regional
Soybean Laboratory, Urbana, Ilinois,

Other portions were predried under vacuum over
Drierite for more than a month. These soybeans were
ground with the following mills: Wiley mill, with 2
mm, 1 mm, and 35 mesh sereens, Mikro-Pulverizer,
Bauer, and Arcade Mills. The samples were ground
in laboratories using these mills in their regular work
and by operators familiar with their best operation.
All the samples were kept as dry as possible during
the initial grinding and subsequent analysis. ~Two
ranges of relative humidity (determined with Friez
Hygro-Thermograph) were used, the lower range be-
ing 30-34% and the higher range 60-65%. Condensers
were capped with lead foil during the oil extraction
to prevent possible condensation of atmospheric mois-
ture inside of the condensers. Moistures were deter-
mined by the official method (1) except that 2 grams
of the sample were used instead of 5 grams.

Moistures were determined in partially extracted
samples by means of a modified Karl Fischer reagent
as prepared by Krober and Collins (3). Samples for
this moisture determination were placed in 200 ml
centrifuge bottles, and 50 or 100 ml of methanol
added. The bottles were tightly stoppered and allowed
to stand overnight. These samples were centrifuged
30 minutes, and a suitable aliguot of the clear solu-
tion was taken for analysis. The aliquot was treated
with excess modified Karl Fischer reagent and then
baek titrated with standard water methanol solution
using an electrometric titrimeter.

Iodine numbers were determined by the official
A.0.C.8. Wijs method and were also caleulated from
the refractive index of the oil according to the equa-
tion developed by Majors and Milner (4) from 1938
Butt extracted soybean oil.
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Comparison of Grinding Mills and Effect of
Regrinding

It is the standard procedure of this laboratory to
grind soybean samples for analysis with an intermedi-
ate model Wiley mill using a 1 mm screen and to use
200 strokes for regrinding instead of the 100 strokes
specified in the official A.0.C.S. method (1). Previous
work in this laboratory has shown conclusively that
a regrind of 100 strokes is insufficient to get closely
cheeking results on soybeans ground through a 1 mm
screen. Results of studies on the effect of regrind tech-
nique and of fineness of initial grind are shown in

Table 1.
TABLE 1

Effect of Methods of Sample Preparation and Regrind Treatment on
the Determination of Oil in Soybeans. FPercentage of Oil
Calculated on 149, Moisture Basis

(A) COMPARISON OF GRINDING MILLS AND EFFECT OF REGRINDING

5 hours
Strokes of regrind | continuous
. extraction
Mill Treatment not
200 100 reground
% oil % oil % oil
Wiley (2 mm) Predried 18.99 18.82 15.46%
Wiley (1 mm).. Predried 18.90 18.78 16.61*
Wiley (35 mesh Predried | 19.02 | 18.92 17.50*
Mikro-Pulverizer.. Predried 19.08 19.04 18.87
Predried 19.06 19.02 18.88
Areade. Predried 16.12 19.11 18.10
Average... 19.03 18.95 17.74
(B) COMPARISON OF PREDRIED, VACUUM PREDRIED, AND NOT PREDRIED
5 hours
Strokes of regrind |continuous
. . extraction
Mill TPreatment | Moist. not
4 200 100 reground
% oil % oil % oil
‘Wiley (1 mm)...... Oven Dried 2.99 18.90 18.78 16.61%
Wiley (1 m).. Vae. Dried 4.66 18.78 18.60 15.67*
Wiley (1 mm).. Not Dried 7.25 18.96 18.76 16.34%
Bauer.......... 4 Oven Dried 2.72 19.06 19.02 18.88
Bauer....uieied Vae. Dried 3.50 19.00 18.97 18.89*

*Based on four analyses. Remainder of data based on 16 analyses.

Most of the data shown in the table represent the
average of 16 oil determinations since duplicate
analyses of each of the four varieties were made on
different days. The data in Table 1 were obtained
from samples exposed for 75 minutes at regrind time
to air of 40-50% relative humidity. During this pe-
riod the samples were left wrapped except for the
two minutes’ time required for regrinding. The
moisture content of the oven predried samples varied
from 1.2 to 3.5% at the time the samples were weighed
for oil analyses.

In Table 1 the average difference of about 0.13%
oil which may be attributed to initial grinding of the
2 mm, 1 mm, and 85 mesh Wiley mill compared with
the Mikro-Pulverizer, Bauer, and Arcade mills is
probably significant as is the average difference of
about 0.15% oil found between 100 and 200 strokes of
regrinding of the 2 mm and 1 mm grinds.

The percentage of oil remaining in the samples
after two hours of extraction with pefroleum ether
varies with the fineness of initial grind. For example,
the Dunfield variety when ground in different mills
contained at the time of regrinding these approxi-
mate percentages of oil: Wiley mill 2 mm screen
6.9%, 1 mm screen 4.3%, 35 mesh 2.4%, 1 mm sereen
(beans mot predried) 8.7%; Mikro-Pulverizer mall
0.5% ; Bauer mill 0.3% ; Arcade mill 0.1%. When
samples containing such greatly different amounts of
0il were reground with the same mortar and pestle,

one coarse grind immediately following a fine grind,
the film of oil left on the mortar and pestle caused
errors of 0.1 to 0.8% of oil in these analyses. This
residual oil was washed from the regrinding appa-
ratus and weighed to determine these losses. The very
fine initial grinds gave abnormally high oil percent-
ages when reground alternately with coarser initial
grinds and the results for the coarser initial grinds
were correspondingly low. However, when all of the
samples which were reground were of the same initial
grind, no errors of this magnitude were observed.

The use of heat to predry whole soybeans before
grinding probably makes possible a finer grind than
vacuum predrying. Response of the resulting meal
to changes in relative humidity was probably differ-
ent. Oven predried samples gave slightly higher aver-
age percentages of oil probably due to fineness of
grinding, as predrying the soybeans seems to be es-
sential to very fine initial grinding. Vacuum drying
is less econvenient and seems to have no particular
advantage over oven drying.

Since moisture changes may occur during the re-
grind period, modifying or omitting the regrind may
have caused a part of the differences in results in
Table 1. The greater percentages of oil found when
using a regrind, compared with 5 hours of continuous
extraction of the Mikro-Pulverizer, Bauer, and Ar-
cade mill meal, could easily be the result of an in-
crease of the moisture content of these samples.
However, the very fine initial grinds all gave higher
percentages of oil than 100 stroke regrinding of the
2 mm and 1 mm Wiley meal.

PERGENT Qi

SOYBEAN  ANALYSES

1 EXPOSED ONLY 60-85%RH
2.EXPOSED AND REGROUND
&0

-65% R.H.
3.NOT EXPOSED AND NOT RE-

GROUND
4. EXPOSED ONLY 22 % RH.
5.EXPOSED AND REGROUND
22 % RH.
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F1e. 1. Effect of treatment at regrind time on the moisture
content of soybean meal and on the total percentage of oil
extracted. Each bar for percentage of oil represents the aver-
age of 18 determinations and each bar for percentage of mois-
ture represents the average of nine determinations.

In Figure 1 each bar showing percentage of oil
represents the average of 18 analyses of three vari-
eties (Chief, Dunfield, and Lincoln) since duplicate
samples of Mikro-Pulverizer, Bauer, and Arcade mill
grinds were analyzed. Each bar for percentage of
moisture of the samples (taken after 30-50 minutes
of exposure during the regrind period) represents
the average of nine of each of these initial grindings.
Samples taken for percentage of moisture after five
hours of continuous extraction were transferred di-
rectly to the titration flask with minimum exposure.
Percentages of moisture on all of these samples were
determined using the modified Karl Fischer reagent.

All of the reground samples and the exposed but
not reground samples were unwrapped and spread on
their filter paper wrappings while the samples were
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Fig. 2. Effect of technique of exposure under conditions of
high humidity on the moisture content of soybean meal and
on the total percentage of oil extracted. The average percent-
age of oil represents 58 analyses with 30-75 minutes exposure
at regrind.

saturated with petroleum ether. Figure 1 shows that
the samples exposed during the regrind period to
60-65% relative humidity gained 3-4% more moisture
and gave an average of 0.14% more oil than samples
similarly treated under 22% relative humidity. Re-
grinding was only slightly more effective in obtaining
a higher percentage of oil and moisture than was ex-
posure of the sample for the same length of time with-
out regrinding.

At 22% relative humidity the reground samples
and the exposed but not reground samples gave
slightly higher average percentages of oil than were
obtained by five hours of econtinuous extraction.
Moisture differences could not account for this slight
increase in percentage of oil since the percentages of
moisture in the exposed samples were slightly less
than those of the samples which were extracted five
hours continuously. Perhaps the disturbing of the
arrangement of the particles of meal in the unwrap-
ping and rewrapping process may account for this
slight increase in the percentage of oil.

The writers (3) in a previous study found that
1 mm ground soybean meal (not predried), contain-
ing from 3-4% of oil at regrind time, was more re-
sponsive to changes in relative humidity as shown by
the percentages of oil obtained than were these pre-
dried Mikro-Pulverizer, Bauer, and Arcade mill sam-
ples, which contain 0.5% or less of oil at the time of
regrinding.

To measure the oil remaining in the finely ground
meal after the initial two-hour extraction, 22 samples
of oven predried Bauer mill ground soybean meal
were analyzed for oil content using relative humidi-
ties ranging from 38-86% during the regrind period
and with a fresh extraction flask used for the final
two hours of extraction. Extraction of the sample was
interrupted only momentarily while the receiving
flasks were changed. The average percentage of oil
obtained in the last two hours of extraction was less
than 0.01% with a maximum of 0.02%.

Some analysts expose their samples to atmospherie
conditions at regrind time wrapped as for extraction

until they are free of solvent while others unwrap the
samples and expose the meal while it is still saturated
with solvent. The time interval of exposure of the
samples for regrinding varies from less than five min-
utes in some laboratories to over an hour in others.
Figure 2 shows the effect of the two techniques under
conditions of high relative humidities for time inter-
vals from three to 75 minutes..
Moisture determinations, using modified Karl Fischer
reagent, were made on duplicates of each oil analysis
sample immediately following its regrinding.
Samples reground under conditions of high relative
humidity using the unwrapped exposure technique
gained 2-4% in moisture content during the first few
minutes of exposure, and analytical results were er-
ratic during the first 20 or 30 minutes. Using the
wrapped exposure technique, moisture changes oc-
curred more slowly but when using either technique
analytical results were more consistent if the time of
exposure of the samples was over 30 minutes, espe-
cially under conditions of high humidity.
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F16. 3. Effect of technique of exposure under conditions of
low humidity on the moisture content of soybean meal and on
the total percentage of oil extracted.

Under conditions of 30-34% relative humidity, time
and technique of exposure were of slight importance
but exposures of over 20 minutes gave better checks
between duplicate analyses.

Effect of Condenser Water Temperature

Butt extraction apparatus for the analysis of soy-
beans for oil content under conditions of high relative
humidity or when the water for cooling the con-
densers is cooler than 20° C., often condenses atmos-
pherie moisture in troublesome amounts. This con-
densate of atmospheric moisture may get into the
samples and spoil the analytical results. It was ar-
ranged to control the temperature of the condenser
water stepwise from 18-40° C. by adding hot water to
the cold water supplied to the condensers. Under
ordinary laboratory conditions, condenser water of
30° C. prevented condensing of atmospherie moisture
on the apparatus at relative humidity conditions be-
low 90%. Within the range of 18-30° C. no differences
in the percentages of oil obtained eould be aseribed
to the temperature of the condenser water.
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TABLE 2

Effect of Method of Wrapping the Sample of Soybeans on the Percentage
of Oil Obtained, as Determined by the Percentage of Oil Recovered
Through an Additional Two Hours of Extraction

0il percentages calculated to 14%
moisture basis
Spread thin and Not spread and
tightly wrapped loosely wrapped™®
Grind
. Two hrs, N Two hrs.
Official | 4qqitional | Oficial | ;434ditional
method | getraction| Method | exiraction
Y% oil % 0il % oil % oil
Wiley L mim....ovvmnnrennnnennna, 18.21 0.03 18.13 0.08
Mikro-Pulverizer.....cc.oeeen. 18.28 0.03 18.16 0.12
AVErage . eiiiiirrnnrnrins 18.25 0.03 18.15 .10

_ *The loosely wrapped samples were spread on the filter paper and
tightly wrapped before extracting them for the additional two hours.

Table 2 shows the average results of oil analyses of
triplicate samples of Wiley mill 1 mm and Mikro-
Pulverizer mill grinds with two varieties of soybeans.
Samples of this meal which were thinly spread on the
filter paper and tightly wrapped gave an average of
about 0.1% more oil than samples which were not
spread on the filter papers and were loosely wrapped
during the extraction of the oil. After completing the
regular five hours of extraction as specified in the
official A.0.C.8. method, these samples were removed
from the Butt tubes, left wrapped as they were when
extracted, and exposed overnight to 40-50% relative
humidity. Then all of the samples were spread thinly
on the filter paper, tightly wrapped, and extracted for
an extra two hours. Those samples which had been
loosely wrapped during the regular extraction yielded
about 0.19% oil during the extra two hours of extrac-
tion while those samples which had been tightly
wrapped throughout their extraction yielded only
about 0.03% oil during the same extraction period.
The greater amount of oil obtained during the extra
two-hour period from the samples which had been
loosely wrapped during the regular extraction makes
the total percentage of petrolenm ether extract ob-
tained from these samples almost equivalent to that
obtained from the tightly wrapped samples. It was
evident that the loosely wrapped samples were less
completely extracted during the regular oil analysis
than were the tightly wrapped samples. Increased
moisture eontent of these samples due to the over-
night exposure to the atmosphere probably caused the
percentage of extract obtained in the extra two hours
of extraction to be higher than might be expected.
However, since all of the samples were exposed for
the same time interval, conclusions drawn from the
comparative data should be valid.

Thin spreading of the meal and loose wrapping of
the samples for oil analyses caused results to vary as
much as 2%. Most of these samples contained so
much visible meal that the reason for abnormally high
percentages of oil and the lack of close checking be-
tween duplicates was obvious.

Effect of Predrying Soybean on the Iodine
Number of the Oil

The effect of oven predrying of soybeans before
grinding and fineness of initial grind on the Wijs
iodine number and on the iodine number calculated
from the refractive index of the oil are shown in Table
3. Data given in the table are averages of results of
analyses of the four varieties used in this study. Al-
though oven predrying probably changed many of the

physical properties of the meal, it did not change
seriously the Wijs iodine number or the refractive
index of the oil, under the conditions of this experi-
ment.

Summary and Conclusions

Initial very fine grinding, such as is obtained by
using the Mikro-Pulverizer, Bauer, and Arcade mills,
is essential to more complete extraction of the oil in
the official A.0.C.8. method of analysis. Much of the
inerease of 0.2-0.4% of oil obtained by regrinding
very finely ground soybean meals which has been at-
tributed to reduction in particle size is probably
caused by the gain of 3-5% in moisture content of
the meal due to high humidity conditions at the re-
grind period. The results obtained in this study make
it appear that, using a very fine initial grind, better
reproducibility of analyses might be obtained if the
regrind were omitted or the samples exposed for 30
to 50 minutes at controlled relative humidity during
the regrind period. Further study of the moisture
level in these very finely ground meals which will give
maximum oil extraction with the regrind omitted
would seem essential. Time and technigue of expo-
sure of the samples at their regrind may have eaused
variations as great as 0.2% in oil analyses. The per-

TABLE 3

The Effect of Predrying Soybeans and Fineness of Initial Grinding
on the Iodine Number of the Oil. Iodine Numbers for Each
Treatment Represent Averages of Four Determinations

Iodine number

Caleulated
Mill Treatment A0.C.S. af(;om

Wijs refractive
index
BaUer. . cneeriaviirisnnrananineen Qven predried 133.9 133.4
Bauer......... Not oven predried 134.0 133.4
Wiley 1 mm.... Oven predried 133.9 133.8
Wiley 1 mm.... Not oven predried i33.9 133.4
Average.......c..... eevvieeieensrsban s sarrvsas s et anserbrbaans 133.9 134.5

centage of oil obtained in the last two hours using
the official A.0O.C.S. method of oil analysis on finely
ground samples was seldom greater than 0.02%. Con-
trol of the temperature up to 30° C. of the cold water
which was supplied to the condensers of the oil ex-
traction apparatus prevented condensing of atmos-
pherie moisture without affecting the percentages of
oil obtained in the analyses. The heat treatment of
soybeans to predry them before their initial fine
grinding did not affect appreciably either the Wijs
iodine number or the refractive index of the oil which
is extracted with petroleum ether.
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