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Fatty Acid Composition of Oil from Soybean Leaves

Grown at Exireme Temperatures

B.D. Rennie and J.W. Tanner*

Crop Science Department, University of Guelph, Guelph, Ontario, Canada N1G 2W1

Leaves from soybean (Glycine max (L.) Merr.) plants were
assayed to determine if the relationship between temper-
ature and relative fatty acid composition observed in the
seed oil also existed for the triglycerides in the leaf oil.
Leaf samples were harvested from eight soybean lines
(A5, A6, C1640, Century, Maple Arrow, N78-2245, PI
123440 and P1 361088B) grown at 40/30, 28/22 and 15/ 12°C
day/might. At 40/30 and 28/22°C, seven fatty acids were
observed at a level greater than 1.0%. These included the
five major fatty acids found in the seed oil: palmitic (16:0),
stearic (18:0), oleic (18:1), linoleic (18:2) and linolenic (18:3)
acid; plus two fatty acids that had retention times the
same as palmitoleic (16:1) and y-linolenic (18:3 g) acid. In
addition, an eighth fatty acid that had a retention time
the same as behenic (22:0) acid was found in the leaves
of all lines at 15/12°C. Palmitic, palmitoleic and stearic
acid content did not differ significantly over tempera-
tures. The oleic and linoleic acid content were each highest
at 15/12°C, while the y-linolenic and the linolenic acid con-
tent were each highest at 40/30°C. The fatty acid com-
position of the triglyceride portion of the leaf oil did not
display the same pattern over temperatures as that
observed for seed oil.
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The relative content of each fatty acid in soybean seed
oil has been shown to be related to temperatures during
seed development. The trend was toward a higher con-
tent of saturated (palmitic acid and stearic acid) and
monounsaturated (oleic acid) fatty acids under high
temperatures and toward a higher content of polyun-
saturated (linoleic acid and linolenic acid) fatty acids
under low temperature conditions (1,2).

Martin and Rinne (3) reported that the relative fatty
acid content of soybean leaf oil was very different from
that of seed oil. Leaf oil was isolated in two forms,
triglycerides (T'G) such as those found in the seed, and
total polar lipids (TPL). Among the triglycerides, linolenic
acid was the largest single component of leaf oil, followed
by linoleic acid and palmitic acid. The relative fatty acid
composition of leaf oil was studied at a single tempera-
ture, 28/24°C.

The current study was conducted to determine the
relative response to extreme temperatures of the fatty
acid components of the triglyceride portion of the leaf oil.
For this study, soybean lines with high stearic acid, high
oleic acid, low linolenic acid or standard fatty acid con-
tent in the seed oil were assayed. The materials used in
this study were derived from the same plants as those
reported by Rennie and Tanner (1).

EXPERIMENTAL PROCEDURES

Leaf tissue from five low linolenic acid soybean lines: A5
(4), C1640 (5), N78-2245 (6), P1 123440 (7) and PI 361088B
(8), with N78-2245 also having a high oleic acid content;
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one line with a very high stearic acid content, A6 (9); and
two commercial cultivars, Century and Maple Arrow,
were used in this study. Plants were grown at three
temperature regimes: 40/30°C, 28/22°C and 15/12°C
day/night under controlled indoor conditions. The experi-
ment was in a randomized complete block design in a
split-plot format with temperature regimes as main plots,
and lines as subplots. The method of plant growth, the
temperature regimes and the experimental set-up have
been described elsewhere (1).

Two trifoliate leaf samples were harvested from nodes
5 to 7 at the R4 and R5 growth stage (10). Each leaflet
was taken as a sample and five samples were assayed for
each plant, with the mean of these samples being used
as the value for that plant. Each sample was dried at 65°C
for 48 hr and then was ground to a fine powder with a
mortar and pestle. The oil was extracted, and the fatty
acid methyl esters prepared as described elsewhere (1).
The identity of each fatty acid was determined by use of
standard samples (from Serdary Research Laboratories,
London, Ontario) of palmitic acid, palmitoleic acid, stearic
acid, oleic acid, linoleic acid, y-linolenic acid, linolenic acid
and behenic acid. When a known and an unknown fatty
acid peak had the same retention times on the gas
chromatograph (GC), it was assumed that they were the
same fatty acid.

RESULTS AND DISCUSSION

There were seven fatty acids detected, at greater than
1.0%, in the triglyceride portion of the leaf oil from plants
grown at 40/30°C or 28/22°C (Table 1). These included
the five major fatty acids found in seed oil: palmitic acid
(16:0), stearic acid (18:0), oleic acid (18:1), linoleic acid
(18:2), and linolenic acid (18:3). In addition, there was one
fatty acid peak that had a retention time the same as
samples of palmitoleic acid (16:1), and one fatty acid peak
that had a retention time the same as samples of y-
linolenic acid (18:3 g). Plants grown at 15/12°C also
displayed a peak that had a retention time the same as
that of behenic acid (22:0), at a level greater than 1.0%.

The only report of comparable levels of palmitoleic acid
was from soybean cell cultures {11) and of behenic acid
was from wild Glycine seeds (12). There have been no
reports of y-linolenic acid in soybean tissues.

Martin and Rinne (3) assayed leaf triglycerides at
28/24°C, for six lines including A5, A6 and PI 123440.
Their results for these three lines were similar to those
reported here at 28/22°C for palmitic acid, stearic acid
and oleic acid content. Their values for linoleic acid and
linolenic acid content were higher than those reported
here. However, the y-linolenic acid component reported
here does account for much of this difference. Those
authors also reported values for leaf triglycerides from
the line N'78-2245, but their values were very difizrent
from those reported here. There is no obvious reason why
the results should be similar for three lines and yet dif-
fer for N'78-2245. Martin and Rinne (2) did not report that
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TABLE 1

Fatty Acid Composition by Relative Percent of the Leaves of Eight Soybean Lines at 40/30, 28/22 and 15/12°C

Temperature Line 16:0 16:1 18:0 18:1 18:2 18:3 g 18:3 22:02
Fatty acid composition by GC %

40/30°C A5 21.3 2.2 6.9 6.8 8.9 12.8 39.4 0.4
C1640 20.9 2.2 6.0 7.0 7.2 12.1 43.3 0.0
N'78-2245 17.5 2.0 5.3 10.5 11.9 8.6 41.1 0.0
PI 123440 17.1 2.2 5.7 6.0 10.4 9.2 48.5 0.0
PI 361088B 20.1 2.2 5.6 6.0 11.2 11.5 38.5 0.0
Century 19.1 2.7 5.4 4.7 9.5 11.1 47.0 0.0
Maple Arrow 22.1 2.4 6.0 6.0 8.8 12.0 41.3 0.0
A6 24.3 1.9 7.2 7.1 9.0 13.7 36.1 0.0
mean 20.3 2.2 6.0 6.8 9.6 11.4 41.9 0.0

28/22°C A5 21.7 2.7 7.3 10.2 174 8.6 30.3 0.5
C1640 19.2 3.4 6.5 10.6 13.8 6.8 35.0 0.2
N78-2245 18.6 3.3 6.0 11.7 16.9 9.8 29.2 0.4
PI 123440 17.8 1.3 6.4 12.9 17.0 6.8 29.6 0.4
PI 361088B 20.9 2.3 6.8 9.0 15.4 9.4 34.9 0.3
Century 20.5 3.6 6.8 13.6 12.1 12.8 28.4 0.0
Maple Arrow 25.3 4.0 7.7 11.5 13.9 8.7 27.7 0.0
A6 20.0 2.9 7.3 9.0 17.9 11.3 32.4 0.3
mean 20.5 2.9 6.9 11.1 15.6 9.3 30.9 0.3

15/12°C A5 22.0 3.3 7.1 15.0 17.7 10.3 21.4 1.6
C1640 21.7 3.9 6.9 15.8 15.8 11.8 23.1 1.5
N78-2245 18.9 2.5 5.3 14.1 20.6 7.7 21.8 2.1
PI 123440 20.0 2.8 5.8 15.4 18.4 8.7 18.5 1.6
PI 361088B 20.0 3.1 5.6 12.5 16.4 10.4 26.6 1.6
Century 18.5 3.0 5.7 15.9 17.5 8.6 27.9 1.6
Maple Arrow 19.8 3.1 6.1 12.4 16.3 8.4 23.1 1.8
A6 22.3 3.1 7.3 12.0 18.0 7.4 22.3 2.1
mean 20.4 3.1 6.2 14.1 17.6 9.2 23.1 1.7

Temperature L.S.D. 1.2 0.9 1.0 31 3.4 2.1 4.7 0.5

Line L.S.D. 1.9 0.5 0.8 2.0 2.1 1.6 2.8 0.4

2Palmitic acid (16:0), palmitoleic acid (16:1), stearic acid (18:0), oleic acid (18:1), linoleic acid (18:2), gamma-
linolenic acid (18:3g), linolenic acid {18:3) and behenic (22:0) acid.

they had observed any evidence of detectable levels of
palmitoleic acid, y-linolenic acid or behenic acid in leaf
tissue.

The fatty acid profile in the leaves of each line differed
greatly between the two extreme temperature treatments
(Table 1). There was variation among lines for each fatty
acid, but these were not consistent across temperatures.

There were no significant differences in palmitic acid
content, palmitoleic acid content or stearic acid content
across temperatures (Table 1). The oleic acid content and
linoleic acid content were two-fold higher at 15/12°C than
at 40/30°C. The y-linolenic acid content was greatest at
40/30°C. The linolenic acid content at 15/12°C was half
the level observed at 40/30°C. The combined content of
y-linolenic acid and linolenic acid displayed the same
response as the linolenic acid content alone. The behenic
acid content for all lines grown at 40/30°C or 28/22°C was
below 0.6%, but was above 1.4% for all lines grown at
15/12°C.

The trend observed for relative fatty acid percent over
temperatures for the triglyceride portion of the leaf oil
was very different from that observed for seed oil (1). The
total polyunsaturated fatty acid content in leaf oil was
highest at high temperatures but was lowest at high

temperatures in seed oil. In seed oil, linoleic and linolenic
acid displayed a similar pattern, but in leaf oil the relative
content of linoleic acid was lowest at 40/30°C while that
of linolenic acid was greatest at this temperature. It was
not known what factors were influencing the relative con-
tent, of the various fatty acid components in the triglyc-
eride portion of the leaf oil. Researchers may be able to
exploit the unique responses of seed oil and leaf oil to dif-
ferent temperatures, in the future.

The presence of palmitoleic acid, y-linolenic acid or
behenic acid in the leaves may not be of any direct use
to the soybean oil industry. However, these fatty acids
may be of interest if the plant could be modified such that
these fatty acids could be produced in the seeds at detect-
able levels.

ACKNOWLEDGMENTS

We acknowledge the cooperation of the following researchers for sup-
plying seed: W. R. Fehr (A5 and A6); J. R. Wilcox {(C1640 and Cen-
tury) and J. W. Burton (N78-2245 and PI 123440). Technical
assistance was provided by Barb Watson and Juliana Yu. The On-
tario Soybean Growers’ Marketing Board and the Ontario Ministry
of Agriculture and Food provided financial assistance for this
research.

JAOCS, Vol. 68, no. 2 (February 1997)



108

B.D. RENNIE AND J.W. TANNER

REFERENCES

1.

STk w D

-3

Rennie, B.D., and J.W. Tanner, J. Am. Oil Chem. Soc. 68:1622
(1989).

. Wolf, R.B., J.F. Cavins, R. Kleiman and L.T. Black, Ibid. 59:230

(1982).

. Martin, B.A., and R.W. Rinne, Crop Sci. 25:1055 (1985).

Hammond, E.G., and W.R. Fehr, Ibid. 23:192 (1983).

. Wilcox, J.R., and J.F. Cavins, J. Hered. 78:410 (1987).
. Wilson, R.F., J.W. Burton and C.A. Brim, Crop Sci. 21:788

(1981).

. Rennie, B.D., and J.W. Tanner, Soybean Genet. Newsl. 16:25

JAOCS, Vol 68, no. 2 (February 1991)

11.

12.

(1989).

. Rennie, B.D., J. Zilka, M.M. Cramer, and W.D. Beversdorf, Crop

Sci. 28:655 (1988).

. Hammond, E.G., and W.R. Fehr, Ibid. 23:192 (1983).
. Fehr, W.R., and C.E. Caviness, Agric. & Home Econ. Exp. Stn.

Coop. Ext. Serv. Special Report 80, Iowa, 1977.

Martin, B.A., M.E. Horn, J. M. Widholm and R.W. Rinne,
Biochim. Biophys. Acta, 797:146 (1984).

Chaven, C., T. Hymowitz and C.A. Newell, J. Am. Oil Chem.
Soc. 59:23 (1972).

[Received August 15, 1990; accepted November 2, 1990]



