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The range of linolenic acid in the oil from 251 field-grown
varieties and introductions of soybeans was 4.89 to 9.28% and
that of linoleic, 35.8 to 53.49%.

Crosses of varieties and introductions ‘‘high’’ and ‘‘low’’ in
linolenic acid indicated that inheritance of both acids was
quantitative rather than qualitative. Transgressive segregation,
particularly to low values, was observed oceasionally. However
3.35% was the lowest linolenic acid value observed. Environ-
mental effects markedly influenced the quantity of both acids.

F: plants from one cross (P.1.80476 x P.1.85671), grown in
the greenhouse, showed a dissimilar type of frequency distribu-
tion for the two acids but a significant positive correlation
(P<1%) between their percentages. A similar relation was
not detected for field-grown plants.

HE PERCENTAGE of polyunsaturated fatty acids in
oil from soybean seeds has not been used gener-
ally as a criterion for selection in breeding pro-

grams. However, since there is considerable evidence
that linolenic acid may be at least partly responsible
for the undesirable flavor reversion occurring in the
refined oil (1,2), studies of fatty acid inheritance in
soybeans might yield useful information.

Scholfield and Bull (3) reported considerable vari-
ability in the percentage of each of the unsaturated
fatty acids in soybean oil from 10 varieties grown in
different years. Their values for the linolenic acid
ranged from 1 1o 10% of the total in the 0il. Yuske-
vich (4) reported 0.5 to 12.5% linolenic acid in Rus-
sian soybean oils. Studies in recent years have not
revealed percentages of linolenic acid comparable
with the lowest values found by these earlier workers.
Alderks (5), in a study of loeation composites of 13
varieties, observed ranges of linolenic acid from 6.2
to 8.5% and of linoleic from 49 to 59%. Collins and
Howell (6) observed a difference of only about 2.5%
between extremes of linolenic acid content for both
variety and location composites of seeds from the ma-
jor area of soybean production in the United States.
More recently, the fatty acid composition of 18 vari-
eties from a wider north-to-south range than in the
previous study was found to range from 5 to 11%
linolenic and from 43 to 56% linoleie acid (7). Of
the environmental factors studied by Howell and
Collins (8), the maximum temperature during seed
development was the most influential on the propor-
tion of linolenie and linoleic acids in the seed o0il. The
contents of both acids were negatively correlated with
temperature.

Data obtained by Simmons and Quackenbush (9),
dealing with the sequence of formation of fatty acids
in developing soybean seeds, provided evidence that
oleic acid may be converted to the more highly un-
saturated Cis acids.

1Journal paper No. 1593, Purdue University Agricultural Experiment
Station. Journal paper No. 346, U.8. Regional Soybean Laboratory.

2Crops Research Division, Agricultural Research Service, U.S. Depart-
ment of Agriculture.
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This report concerns a study of the proportions of
linolenic and linoleic acids in the seed oil of several
soybean crosses. Data through the ¥ generation are
included.

Methods

Soybean introductions obtained from the U.S. Re-
gional Soybean liaboratory at Urbana, Ill., were
planted along with commercial varieties at Lafayette,
Ind., in 1952, and the harvested seeds were analyzed
for their content of linolenic and linoleic acids.
Crosses (Table 1) were then made in 1953 of varie-
ties Midwest and Harosoy containing high percent-
ages of linolenic acid and the introductions P.1.85671,
P.1.68423, and P.I. 80476 containing low percentages
of linolenic acid. F,, Fs, and parent plants were
grown together, randomized 1n two blocks, in a field
plot in 1954. All field plants were spaced 4 in. apart
in rows 40 in. apart. Each parent, ¥y, and ¥y group,
was separated by four hills of T135, a chlorophyll-
deficient type. One T135 seed was planted with all
F; and F, seeds to provide a plant in the hill if the
hybrid seed failed to grow.

F3 lines were field-grown in rows 8 ft. long and
40 in. apart in 1955 and in a single row with a 2-ft.
interspace between lines in 1956.

In the winter of 1958-59 plants of cross P.1.80476
x P.1.85671 (Table I) were grown in the greenhouse
in 6-in.-in-diameter clay pots with one plant per pot.
The day and night temperature in the greenhouse
was 75 &= 4°F. Lights (Mazda, 300-watt, in 15-in.
reflectors) approximately 15 in. above the plant apex
supplied illumination 14 hrs. per day.

Soybean seed samples collected at maturity were
stored at 2°C. They were later ground to pass a
20-mesh sieve, placed in Erlenmeyer flasks fitted with
glass stoppers, and extracted with ethyl ether with
oceasional swirling for 24 hrs. in the dark. Fat extrac-
tion by this method avoided long periods of continu-
ous heating of the lipid and allowed large numbers
of samples to be processed at one time. After decan-
tation from the meal most of the solvent was evapo-
rated on a steam bath, and final traces were removed
in a vacuum oven at 50°C. Lipid samples were
stored in small centrifuge tubes at —20°C. The sam-
ples were brought to room temperature, stirred, and
then centrifuged to remove any suspended particles
in the oil before analysis.

For the analyses of the introductions and the field-
grown samples in 1954-56 for linolenic and linoleiec
acid contents, the lipid samples were isomerized in
11% KOH in glycerol at 180°C. for 45 min. and
examined spectrophotometrically (10). The amount
of these acids in the oil from seeds matured in
the greenhouse was determined spectrophotometrically
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TABLE I
Composition of Seed Oil from Single Plants of Parents, and F1 and F2
Populations of Several Soybean Crosses
: X R X : 1 o
Cross Popula- Plants Linolenic Acid, % Linoleic Acid, %
tion tested Range Std. dev.  Mean  Std. error® Range Std. dev. Mean  Std.error
Grown in field, 1954
High x high
Harosoy x Midwest Harosoy 14 6.68-10.12 0.92 8.25 24 34.2-49.5 4.7 41.6 1.2
Midwest 20 5.47-10.25 1.57 8.38 35 35.2-49.1 3.8 43.1 .8
F1 7 5.44— 9.08 1.32 7.54 .50 31.8-47.7 5.9 37.3 2.2
Fz 102 5.00-10.87 1.33 7.90 .14 32.1-48.5 4.0 40.2 4
. High x low
Midwest x P.1.85671 Midwest 18 6.30-10.89 1.29 8.72 .30 33.2-48.5 4.7 40.8 11
P.I1.85671 9 4.73— 9.51 1.44 6.97 48 33.1-50.1 7.3 44.6 2.4
o 2 6.83- 8.18 1.06 7.50 75 29.2-34.6 3.5 31.9 2.§
Fo 22 4.82- 8.85 .88 6.50 20 28.2-48.0 3.3 34.2 o
High x low
Harosoy x P.1.85671 Harosoy 13 7.87-10.87 .85 9.06 24 34.2-51.1 4.6 43.8 1.3
P.1.85671 7 5.87— 6.78 .35 6.32 14 35.1-43.0 2.4 39.8 .9
Fa1 11 5.83-10.54 .89 7.50 .28 36.1-49.6 3.8 44.7 11
F2 57 4,17-10.33 1.41 7.54 .19 33.8-50.4 4.2 43.4 .6
Low x low
P.1.80476 x P.1.68423 P.1.80476 17 5.10— 7.50 .60 6.13 14 38.5-45.8 2.4 41.8 .6
P.1.68423 15 4.59— 8.18 77 6.22 .20 27.2-47.0 5.4 39.8 1.4
F1 2 6.43— 6.44 01 6.44 .01 35.0-36.8 1.3 35.9 .9
Fa 29 3.47—- 7.97 .89 5.08 a7 29.0-45.8 4.4 38.2 .8
Low x low _
P.1.68423 x P.1.85671 P.1.68423 12 5.91- 9.58 1.02 7.13 .30 32.5-44.4 3.4 37.7 1.0
P.1.85671 7 5.41—- 8.00 .99 6.54 37 32.0-37.6 2.6 35.4 1.0
Fi 5 3.49— 5.25 57 4.45 .26 37.5-40.8 1.4 39.8 §
F2 59 3.62— 8.33 1.10 5.91 14 31.2--53.5 3.9 39.4 5
Low x low
P.1.80476 x P.1.85671 P.1.80476 16 5.52— 7.01 .35 6.28 10 30.4-41.6 2.5 37.0 .6
P.1.85671 9 4.95- 7.35 75 6.08 .24 34.3-45.2 4.0 38.5 1.4
1 2 5.76~ 7.39 1.06 6.58 75 35.2-87.8 1.8 36.6 1.2
Fa 65 3.41- 7.01 .64 4.834 10 28.8-46.0 3.9 38.9 .5
Grown in greenhouse, 195859
Low x low _ .
P.1.80476 x P.1.85671 P.1.80476 4 6.23—- 7.67 71 6.75 .35 38.5-50.4 3.5 43.1 2.8
P.1.85671 4 4.56— 5.74 .48 5.13 24 27.5-35.5 3.5 31.? 1.8
F2 102 4.40- 8.32 91 5.99 10 26.6-52.9 6.3 38.5 -6

2 Standard deviation of single plants.
b Standard error of mean,

¢ Classification of high and low is arbitrary and refers to linolenic acid content only.

after isomerization in 15.5% potassium-t-butoxide in
t-butanol at 60°C. for 20 hrs. (11) by a ‘‘bottle
method’’ developed in this laboratory to facilitate
the analysis of large numbers of fat samples. Occa-
sionally the official method Cd 7-58 of the A.0.C.S.
(12) was used in comparison with the other two
techniques.
Results

Range of Percentage of Linolenic and Linoleic
Acids. The amount of linolenie acid In oil from
mature seeds of 251 soybean introductions grown in
single plots ranged from 4.89 to 9.28% and linoleic
acid from 35.8 to 53.4%. In 1,119 samples from single
plants analyzed in the inheritance study, linolenic
acid ranged from 3.35 to 11.0% and linoleic from
22.6 to 62.1%. The majority of seeds contained 18
to 22% of their dry weight as the lipid. There was
no apparent correlation between fatty acid composi-
tion and lipid content.

Although each parent, especially when grown in
the field, showed wide variations in oil composition
from plant to plant (Table I), its average composi-
tion for the several years was fairly constant (Table
IT). Thus the two parents which were ‘‘high’’ in

linolenic acid were on the average slightly more than
2% higher thau those selected as ‘‘low.”’

Field Studies of Progeny. With the exception of
P.1.68423 x P.1.85671, in which a substantially lower
amount of linolenic aecid in the F; than in either
parent was evidence of heterosis, the F; population
was approximately intermediate between the parents
in percentage of linolenic acid (Table I).

In F, plants of all crosses the essentially continu-
ous range of variation from small to large values
indicated quantitative inheritance of linolenic acid.
Environmental effects markedly influenced the quan-
tity of this acid. The standard deviations of single
plants were about as great for the parent and Fi
as for the F, populations (Table T). In Harosoy x
P.1.85671 the 57 plants tested had a mean of 7.54%
and ranged from 4.17 to 10.33%. Transgressive seg-
regation to low amounts of linolenic acid in the F.
population was observed, particularly in P.1.68423 x
P.1.85671 and in P.1.80476 x P.1.85671.

Linoleic acid content also ranged widely in the
progeny. Transgressive segregation to low values in
F; and F, occurred in Midwest x P.1.85671. The
oreatest range in the amount of this acid in the F.

TABLE II
Mean Linolenic and Linoleic Acid Content of Soybean Oil from Parents Grown in Different Years
1954—~Field 2 1955—TField ® 1956—Field ¢ 1958-59-—Greenhouse ¢
Parent Plants Linoleie | Linoleic | Rows Linoleic | Linoleic | Plants | Linolenic | Plants | Linolenic | Linoleic

tested acid acid tested acid acid tested acid tested acid acid

No. % i e No. % Ge Xo. Fo No. %o %
Midwest. 38 8.56 41.3 5 ' R.B4 50.5 - 1 9.5? 51.6
Harosoy. 27 8.67 54 : R.47 31.7 12 8.60 48.7
P.I1.8567 32 6.49 . R H 7.10 | 47.2 13 3.69 4 5.08 30.6
P.1.80476 33 6.21 H 3 | 6.57 1.1 15 6.05 4 6.69 42.2

P.1.68423. 27 6.59 s 1 e2e | 121 15 6.92 .
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TABLE 111

Correlation Between F2 Plants and Fs Progeny Rows for Linolenic and Linoleic Acid Percentage in Seed
0il of Several Soybean Crosses

Linolenic Aeid, % Linoleic Acid, 9%

Number Corre- - Corre

Cross of plants F2 plants Fs rows lation F2 plants i Fsrows lation

and rows coeff. . coeff

Range ( Mean Range [ Mean i Range { Mean { Range Mean
Harosoy x Midwest............ 40 5.09-10.87 T.76 3.8 ] 7.73 4332 ‘ 32.4-48.5 40.0 | 35.6-62.1 47.4 —.026¢
Midwest x P.I1.85671......... 12 4.82— 8.38 6.44 6 3 1 7.55 635" 29.2-38.5 35.0 36.0—57.5 44.7 —.090¢
Harosoy x P.1.85671......... 23 4.69-10.33 779 3. | 7.21 508" 36.0-50.4 43.7 31.2—48.6 44.7 4935Y
P.I1.68423 x P.1.85671...... 29 4.16— 8.33 6.04 3.77- 7.63 | 617 | .103¢ 31.7-46.7 | 39.7 25.9-47.5 43.4 .213¢
P.1.80476 x P.1.85671....... 29 3.82— 7.01 4.95 3.02— 8.05 1 6.21 0535¢ 33.0-43.4 | 39.0 31.6-47.2 40.0 395
2 Highly significant, P<{1%. P Significant, P between 5% and 1¢9%. ¢ Not significant. P>5%.

population was from 31.2 to 53.5% in P.1.68423 x
P.1.85671.

An attempt was made to find members from the
Fs population of P.1.80476 x P.1.85671 which would
vield a similar, or preferably a smaller, linolenic acid
content in the Fs generation. Seeds from selected ¥,
plants were grown in 1955 and harvested as 'y rows.
Table III shows that a highly significant relationship
(P<<1%) between the percentage of linolenic acid in
F. and in F3 occurred only in Harosov x Midwest,
in which both parents were ‘‘high.”” In Midwest x
P.1.85671 and Harosoy x P.1.85671, each with high x
low-linolenic-acid parents, the percentage of Iinolenic
acid in the F3 population was significantly correlated
(P between 5 and 19% ) with that in the F. selection
from which it was derived. However, in P.1.68423 x
P.1.85671 and P.1.80476 x P.I.85671, each between
low-linolenic-acid content parents, there was a non-
significant relationship between the ¥ selection and
the F3 generation.

The results for linoleic acid did not consistently
correspond with those for linolenie aeid. Harosov x
P.I.85671 and P.1.80476 x P.1.85671 showed a signifi-
cant positive correlation between the F» plant selec-
tion and the resulting F'; population.

In 1956 seeds from Fy plants containing ‘‘low?”’
linolenic acid were planted, and the acid was ana-
Iyzed in the seed oil from individual F; plants. Table
IV shows that little correlation with respect to low-
linolenic-acid content was found between the T, plant
selection and the F; population derived from it. Only
one of the 263 F3 plants was as low as or lower than
the F selection in linolenie aeid.

Greenhouse Studies. Data from an experiment in

TABLE IV

Fa Progeny Tests of Fz Soybean Plants Selected for Low Percentage
of Linolenic Acid in the Seed Oil

Linolenic¢ acid, %
Linolenie
acid, 9% | Plants Std. Std.
tested Range dev. AMean error
Parents grown in 1954 Parents grown in 1956
g 28 e 6.59 15 4.91-8.28 0,97 6.92 .25
P.1.80476... 6.21 15 4.27-6.80 .62 6.06 .16
P I85671... 6.49 13 3.35-7.10 1.02 5.60 .28
Fz plant selections Fs populations grown in 1956
grown in 1954
CX269A-22. .....0ouee, 4.16 25 3.74-7.32 .90 6.12 .18
—29..inn 3.47 24 3.77-7.36 .67 577 .14
3.84 24 4.93-6.85 .50 5.86 .10
3.62 24 5.65-8.46 .72 6.83 .15
3.41 21 5.88-9.14 .92 742 .20
3.87 25 5.31-7.57 .54 6.39 .11
3.82 25 5.31-7.95 .67 6.78 .13
3.90 25 5.00-8.00 .90 6.48 .18
3.90 24 5.34-8.23 .66 6.65 .13
3.95 22 5.75-7.72 56 6.52 .12
3.81 24 5.27-7.18 .64 624 .13

2 (X269 (P.1.80476 x P.1.68423)
CX270 (P.1.68423 x P.1.85671)
(X271 (P.1.80476 x P.1.85671)
A, B, and C refer to specific F1 plants from which F2 were grown.

1952 had shown no significant variability because of
environment in the percentage of linolenic acid from
14 soybean varieties grown in four different field loca-
tions in Indiana with a north-to-south range of 150
miles. However a question arose as to whether envi-
ronmental differences in separate years might partly
explain why the F3 populations in 1956 with one
exception had higher percentages of linolenic acid
than the selections from K- plants grown in 1954.
Therefore a further investigation was made of Haro-
soy and an F. population of P.1.80476 x P.I1.85671
grown in a greenhouse, in which environmental fluc-
tuations were much less than those encountered in the
field.
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F16. 1. Frequency histogram of linolenic and linoleic acid con-
tents from F. soybean plants of P.1.80476 x P.1.85671 grown in
the greenhouse.

Harosoy was used to measure variations in the
amounts of linoleniec and linoleic acids within a pure
line variety. Seeds from 12 plants had a mean of
8.65% linolenic acid and a range of 7.57 to 9.60%
and 48.7% linoleic acid with a range of 46.0 to 52.0%.

The distribution of Fs plants of P.1.80476 x P.1.85671
in linolenic and in linoleic acid classes did not follow
a similar pattern (Figure 1). The 102 plants grown
in the greenhouse showed a frequency distribution
skewed from a single peak for linolenic acid with the
greatest number of plants in the 5.00 to 5.49% class.
Only about 10% of the population contained less than
3% linolenic acid in the seed oil.

The frequency distribution for linoleic acid showed
more than one peak. Values from 22.6 to 52.9% em-
phasized the wide spread of linoleic acid percentages
in the F» generation. The lowest amounts of linoleic
acid detected in this study came from plants grown
in the greenhouse. Four plants produced seeds con-
taining less than 25% linoleic¢ acid in the oil.

Relation Between Linolenie and Linolevc Acids. A
graph of linolenic against linoleiec acid content of
sovhean oil showed a highly significant correlation
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for the plants grown in the greenhouse. This was true
for Harosoy (r=.96; P<<1%) (Figure 2-A) and for
the Fy population of P.I.80476 x P.1.85671 (r=.89;
P<1%) (Figure 2-C).

A highly significant correlation (r=.75; P<1%)
between the proportions of these two acids was also
found for Harosoy plants grown in the field in 1954
(Figure 2-B). The relationship was not as close with
the field- as with the greenhouse-grown plants.

Conversely a very low correlation between the lino-
lenic and linoleic acid percentages from field-grown
plants was found for the Fs population of P.1.80476 x
P.I1.856711in 1954 (r = 20; P>5%) (Figure 2-D) and
for the Fy generation in 1955 (r = .13; P>5%) (Fig-
ure 2-E).

Discussion

The oil from 1,370 samples of mature soybean seeds
analyzed in this study contained 3.35 to 11.0% lin-
olenic acid and 22.6 to 62.1% linoleic acid. Obtaining
seeds from cultivated varieties of Glycine maz. grown
under similar environmental conditions with a con-
tent of acids outside these ranges is not likely for two
reasons. a) The 251 plant introductions showed wide
variation in vegetative growth, maturity, flower and
pod color, seed shape, color, weight, and oil and pro-
tein contents and thus represent a reasonable sampling
of soybean varieties. b) The erossing in all possible
combinations of the three-plant introduetions contain-
ing the least linolenic acid did not yield any F. plants
with a substantial decrease in the amount of this
acid, which remained equally low in the ¥j; popula-
tion (Tables IIT and IV). Perhaps more plants
should be grown and the seeds analyzed to detect any
which may be homozygous for low linolenic acid con-
tent, particularly if a large number of interacting
genes influence this characteristic. Tt is possible that
other combinations of low x low parents might be more
effective in giving transgressively lower values.

Values outside the range of 3.35 to 11% linolenic
acid in soybean oil were observed with the thiocyano-
gen method of analysis (13,14), but they have not
been reported since the advent of the spectrophoto-
metric determination of fat composition, with two
exceptions. a) Mature seeds from plants grown in
controlled climate chambers under conditions which
were abnormal to those encountered in the field
yielded a value of 16.1% (8); and b) assays of the
oil from immature beans of the Lincoln variety, which
showed 23.4% of linolenic acid, at seed maturity
showed that the proportion of this acid had decreased
to 6.29% (15).

Percentages of linoleic acid in soybean oil below
40% or above 60% are not often found in the liter-
ature published since 1941. with the older analytical
techniques which are also known to give low meas-
urements of linoleic acid (16), only one value below
30% was found in 95 samples with iodine values
ranging from 99.6 to 147.6 (3). This same report
listed 64.8% linoleic and 10.1% linolenie acid in the
wild soybean (Glycine ussuriensis). As far as the
authors know, the four F, samples of P.1.80476 x
P.I1.85671 grown in the greenhouse with a content of
linoleic acid between 22.5 and 25.0% (Table I) show
the smallest proportion of this acid ever detected in
soybean oil.

Environment as well as variety had considerable
effect on polyunsaturated fatty acid composition.
‘While Midwest and Harosoy varieties consistently
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F1a. 2. Regression of linolenic on linoleic acid contents of oil
from mature soybean sceds. (A) Harosoy plants grown in the
greenhouse and (B) field; (C) F. population of P.I.80476 x
P.1.85671 grown in the greenhouse and (D) field; (E) Fs popu-
lation of P.1.80476 x P.I.85671 grown in the field. The corre-
lation coefficients are shown in the upper left corners.

produced oils with a higher mean proportion of lin-
olenic and linoleic acids than the three plant intro-
ductions selected for breeding purposes, variations
between plants were wide. The controlled environ-
ment of the greenhouse decreased the ranges of vari-
ation between plants but did not affect the spread
between the varieties. P.1.85671 exercised less control
over the mean percentage of linolenic acid in the
different growing seasons than did the other four
varieties in which this value ranged within one-per-
centage unit (Table IT). Similarly the mean linoleic
acid content of this parent as compared with the
others was more variable.
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Inheritance of linolenic and linoleic acids in soy-
bean seeds appeared to be quantitative rather than
qualitative (Table I). Because of the lack of parents
differing widely in linolenic and linoleic acid contents
and the consequent overlapping in acid percentage of
some members, it was not possible fo estimate the
number of gene pairs exerting a cumulative effect on
the production of the two acids. Harosoy x P.1.85671
exhibited well the blending of characteristics of the
two parents in the F; generation, followed by the com-
plete range of variation in the ¥y population from the
one parental series of values to the other. In some
ingtances, plants that extended beyond the parental
extremes and indicated transgressive segregation were
obtained.

Some evidence was found for a dissimilarity in the
manner of inheritance of the two acids, particularly
in Fy plants of P.1.80476 x P.1. 85671. The frequency
distribution pattern for plants grown in the green-
house was different for the two acids (Figure 1).
Moreover plants grown in the field showed a consider-
able amount of transgressive segregation to low per-
centages of linolenic acid. This was not true for lin-
oleic acid (Table I).

The lack of completely effective selection in Fs to
obtain F'; plants with low amounts of linolenic acid
{Table IV) was probably due to environment. The
high variability among single plants in these data
show the need for replicated plots when evaluating
for linolenic and linoleie acids.

Comparison of field and greenhouse data from F.
plants of P.1.80476 x P.1.85671 demonstrated the
presence of an influential factor in the field which
destroyed the close correlation (P<C19% ) between the
amounts of linolenic and linoleic acids found in seeds
grown in the greenhouse (Figures 2-C and 2-D). The
e plants in both instances came from the same F,
population.

The nearly perfect correlation between the two
acids in Harosoy from the greenhouse was decidedly
lessened in the fleld environment (Figures 2-A and
2-B). The regression coefficient of linoleic on linolenic
acid for Harosoy was 3.3 whereas that for F» members
of P.1.80476 x P.1.85671 was 7.2; both values are for
plants grown in the greenhouse. Thus, if any kind of
equilibrium between the two acids was operative
through their interconversion, an inerease in one rela-
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tive to the other was not the same in different popula-
tions. However the high correlation between the two
acids clearly showed their association rather than
their independence during the fat-deposition period.

Barker and Hilditeh (17) concluded that the more
unsaturated oils from sunflower seeds were a result of
slow development and ripening of the seeds and con-
sequent slow fat production. They considered tem-
perature and probably the amount of direct sunlight
incident on the ripening seed heads as the most impor-
tant factors controlling the rate of seed development
and hence the composition of the fat. A similar in-
verse effect of temperature on fat unsaturation was
noted for soybean seeds by Howell and Collins (8).
They also found a positive correlation between the
proportions of linolenic and linoleic acids (6). It
may be that the light intensity or quality reaching the
developing soybean seeds and temperature effects in
the present work was responsible for the close cor-
relation between the acids in seeds from the green-
house in contrast to those from the field.

Acknowledgment

The authors acknowledge the assistance of HE. W.N.
Sturm in the early phase of this study and the tech-
nieal assistance of Mrs. Judy Davey in the analytical
work.

REFEREXNCES

1. Lemon, H.W,, Lips, A, and White, W.H., Can, J. Res., 23 F, 295
(1943).

2. Dutton, H.J., Lancaster, C.R., Evans, C.D., and Cowan, J.C,
J. Am. Oil Chemists’ Soc.. 28, 115 (1951).

3. Scholfield, C.R., and Bull, W.C., Oil and Soap, 271, 87 (1944),

4. Yuskevich, 8., Fettchem. Unschau, 40. 197 (1933).

5. Alderks, O.H.. J. Am. Oil Chemists’ Soc., 26. 126 (1949).

6. Collins, F.I., and Howell, R.W., J. Am. Oil Chemists’ Soc., 34, 491
{1857).

7. Collins, F.I., and Sedgwick, V.E., J. Am. 0il Chemists' Socr., 36,
641 (1959).

3. Howell, RW,, and Collins, F.I., Agron. J., 49. 593 (1937).

9. Simmons, R.O., Quackenbush, F.W. J. Am. Oil Chemists’ Soe., 31,
441 (1954).

10. Brice, B.A.. Swain, M.L.,, Herb, 8.F., YNichols, P.L. Jr, and
Riemenschneider, RV, J. Am. Oil Chemists’ Soc., 29, 279 (1952).

11. White, H.B. Jr., and Quackenbush, F.W. J. Am. Oil Chemists’
Soc.. 36. 633 (1859).

12. American Oil Chemists’ Society, Chicago, “Official and Tentative
Methods of Analysis,”” 1846, rev. to 1958,

13. Dollear, F.G., Krauczunas, P.. and Markley. K.S., 0Oil and Soap,
15, 263 (1938).

14. Jamieson, G.S., Baughman, W.F., and McKinney, R.S., J. Agric.
Res., 6. 57 (1933).

15. Simmons, R.O., and Quackenbush, F.W. J. Am. Oil Chemists’
Soc.. 31, 601 (1954).

16. Spectroscopy Committee Report, 1951, J. Am. Oil Chemists' Soc.,
28, 331 (1931).

17. Barker, C., and Hilditch, T.P., J. Sci. Food Agrie, 1, 140 (1960).

[Received April 7, 1960]

Safflower Oil Adducts as Plasticizers **
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W.J. YURGEN and R.A. CLARK, Battelle Memorial Institute, Columbus, Ohio

Eleven esters and epoxides of adducts of conjugated linoleic
aeid with maleic and aerylic aeids, and eight esters and epox-
ides of adducts of vegetable oils with acrylic and maleic esters

1Paper VII in a series entitled “Reactions of Conjugated TFatty
Acids.” Presented at Fall Meeting, American Oil Chemists’ Society,
New York, N.Y., October 17-19, 1960.

2 The evaluation studies were conducted at Battelle Memorial Institute,
Columbus, O., under contract with the U.8, Department of Agriculture
and authorized by the Research and Marketing Act. The contract was
supervised by the Northern Regional Research Laboratory.

3 Thig is a laboratory of the Northern Utilization Research and Devel-
opment Division, Agricultural Research Service, U.S. Department of
Agriculture,

were evaluated as plasticizers for polyvinyl chloride (PVC),
acrylonitrile rubber, and polyvinylidene chloride, and in PVC
plastisols. The dimethyl ester of the acrylic adduct of linoleic
acid and its epoxide were the most promising as plasticizers
for PVC and in PVC plastisols as their performance compared
favorably with that of controls. In polyvinylidene chloride
however these adduets had a slight adverse effect on eolor
stability. The vegetable oil adduct esters and epoxides were
inecompatible with PVC but had extremely good compatibility
with aerylonitrile rubber. In general, they performed like the



