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Fatty Acid Composition of Oil from Soybean Seeds Grown at 
Extreme Temperatures 
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Temperature during seed development is known to 
influence the level  of  the various fatty acids in soybean 
[Glycine max (L.) Merr.] oil. In order to determine the 
range of  values that  can be obtained for each fatty acid, 
five l ines (A5, C1640, N78-2245, PI 123440 and PI 
361088B) known to possess  low linolenic acid (18:3) 
levels, one l ine (A6)  known to possess  a high stearic 
acid (18:0) level, and two cultivars (Century and 
Maple Arrow) were grown at 40/30,  28/22,  and 1 5 /  
12°C day/night .  At 40/30°C, high oleic acid (18:1), low 
linoleic acid (18:2), and low linolenic acid levels were 
obtained that were beyond the range of  levels reported 
for the soybean germplasm. The linolenic acid levels 
for A5, C1640 and N78-2245 grown at 40/30°C were 
below 2.0%, and are the lowest  values reported for soy- 
bean oil. A6 displayed a high level of  stearic acid at 2 8 /  
22 and 40/30°(; but displayed a relatively low level at 
15/12°C. This indicates that temperature may affect 
the expression of  the f a s  a allele, which is responsible 
for high stearic acid levels in A6. The l inolenic acid 
levels of  PI 361088]3 and C1640, both possess ing the 
fan  allele, were the lowest  for all l ines grown at 1 5 /  
12°C. Therefore, the fan  allele is an appropriate 
source for the development of  low linolenic acid l ines 
adapted to cool areas. 

Oil f rom the seeds of field-grown soybean cultivars is 
character ized by linolenic acid levels tha t  range f rom 
below 6% to a lmost  14% (1). These levels of linolenic acid 
have been associated with poor  flavor stability in the 
ex t rac ted  oil (2). In order  to increase flavor stability, sev- 
eral research groups have developed, or isolated, soybean 
lines with reduced  levels of linolenic acid. The low lino- 
lenic acid lines A5 (3) and C1640 (4) were p roduced  by 
chemical  mutagenesis;  PI 123440 and P1361088B are nat-  
urally occurring lines with low linolenic acid levels; N78- 
2245 was p roduced  by r ecu r ren t  selection for high oleic 
acid levels (5). The genetic basis for low linolenic acid 
levels in these lines differ: in C1640 (4) and PI 361088B 
(6) a single allele at  the Fan locus is involved; in A5 (7) 
and N78-2245 (5) alleles a t  m a n y  loci are involved; the  
basis for low levels in PI 123440 has not  yet been estab- 
lished. Although the linolenic acid levels in these lines are 
controlled by a diverse set of factors,  each line is charac-  
terized by linolenic acid levels t ha t  range f rom 2.5-4.6%, 
depending upon growing conditions (3-9). Researchers  
have not  been able to develop a line with a linolenic acid 
level below 2.5%, and  this has  caused some researchers  to 
consider tha t  this may  be the min imum level of linolenic 
acid t ha t  can be achieved. 

The relative levels of  the  fa t ty  acids in a soybean seed 
can be influenced substantial ly by the t empera tu re s  to 
which the developing seeds are exposed.  Cool t empera -  
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tures  are associated with: lower levels of palmitic acid 
(10), and  oleic acid (10); and higher levels of  linoleic acid 
(10,11) and linolenic acid (10,11). The range of levels 
within a single line exposed to a var ie ty  of different 
t empera tu re s  (11) m a y b e  as great  as the  range in diverse 
lines grown at  a single t empe ra tu r e  (1). Therefore, grow- 
ing a t  both  a very high and  a very low tempera ture ,  lines 
tha t  possess a wide range of levels for various fa t ty  acids 
should generate  m a x i m u m  diversity of fa t ty  acid levels. 

This research was  conducted  to determine if an 
ex t remely  high t e m p e r a t u r e  would generate  unusual ly 
low linolenic acid levels, and if so, wha t  effect would this 
have on the levels of o ther  fa t ty  acids. In addition, low 
linolenic acid lines were  exposed  to an extremely low 
t empera tu r e  to determine if there  was a differential 
response  of these lines to cool conditions. 

EXPERIMENTAL PROCEDURES 

Seed f rom five soybean lines (A5, C1640, N78-2245, PI 
123440 and PI 361088B) with low linolenic acid levels, 
one line (A6) with a high stearic acid level, and two com- 
mercial  cultivars (Century  and  Maple Arrow) was used. 
One seed of each of these lines was p lanted  in each of 
three  20-cm plastic pots  filled with pre-mixed soil (Met- 
romix  245, W.R. Grace & Co., Ajax, Ontario) in a con- 
trolled environment  cabinet  or g rowthroom facility. Com- 
mercial  granular  inoculant  (Nitragin Co., Milwaukee, WI) 
was added  to each pot  to ensure  adequate  nodulation. 

Three exper iments  were run, each at  a different tem- 
pe ra tu re  during seed development  and  maturat ion:  40/  
30, 28/22 or 15/12°C day/night.  The 40/30°C experiment ,  
with 12 hr daylength, was applied th roughout  the growth 
of the plants. The 15/12°C exper iment  was applied post-  
flowering and  cont inued th roughout  seed development  
and  matura t ion.  For this experiment ,  the pots  were  
placed in the cabinet  at  30/25°C, 12 hr  daylength, until 
the  oldest four pods  on each plant  had  reached a length 
of one cm. At tha t  time, the  t e m p e r a t u r e  was reduced 5°C 
per  day  until a t e m p e r a t u r e  of 15/12°C was obtained. A 
third exper iment  a t  28/22°C, with 16 hr of daylength, was  
included as a reference, as these are the s t andard  condi- 
t ions used in our  indoor  research program.  

The three  exper iments  were each in a randomized com- 
plete block design with the eight different genotypes as 
t rea tments .  There were  three  blocks, each  containing one 
plant  of  all genotypes for each t rea tment .  The blocks con- 
sisted of three  equal divisions of the  growth cabinet, and  
the genotypes were  randomized within each block. Five 
seeds were analyzed for each plant,  and  the mean of the 
five seeds was used as the value for each plant.  

The seeds were harves ted  a t  ma tu r i ty  and  were dried a t  
65°C for 24 hr pr ior  to being ground to a fine powder  with 
a m o r t a r  and pestle. The oil was  ex t rac ted  f rom these  
tissues, methyl  esters  were  prepared,  and  the  fa t ty  acid 
composit ions were de termined by means  of gas chroma-  
tography  (GC) as described by Rennie et al. (6). The 
s t anda rds  used for identification of the  fa t ty  acid peaks  
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were  D 102 and D 103 from Serdary  Research Laborator ies  
Inc. (London, Ontario).  

TABLE 2 

Fatty Acid Composition by Relative Area Percent of  the Seeds o f  
Eight Soybean Lines Grown at 40/30°C 

RESULTS AND DISCUSSION 

At all t empera tures ,  palmit ic  acid (16:0), s tear ic  acid 
(18:0), oleic acid (18:1), linoleic acid (18:2), and  linolenic 
acid (18:3) were p resen t  in the oil f rom all lines at  a level 
g rea te r  t han  1.0%. In addit ion,  the  level of arachidic  
acid (20:0) in A6 at  40/30 and 28/220C was grea ter  t han  
1.0%. 

At  28/22°C (Table 1), the  fat ty  acid composi t ion of each 
of the  lines was general ly consis tent  with the  range of 
levels r epor t ed  for each line in the  l i t e ra ture  (3-9,12,13). 
This is the  first  r epor t  of all five low linolenic acid lines 
grown unde r  a s t a n d a r d  set  of condi t ions  to allow com- 
parisons.  Al though there  were numer ic  differences, the  
linolenic acid levels of A5, C1640, N78-2245, PI 123440 
and  PI 361088B were not  significantly different. 

TABLE 1 

Fatty Acid Composition by Relative Area Percent of  the Seeds of  
Eight Soybean Lines Grown at 28/22°C 

Fatty acid composition by GC, % 

Type Line 16:0 a 18:0 18:1 18:2 18:3 20:0 

Low 18:3 A5 11.0 3.3 28 .6  52.1 3.7 0.2 
C1640 12.4 3.4 19.7 60.4 3.5 0.3 
N78-2245 10.6 3.9 35.1 44.1 4.5 0.4 
PI 123440 10.8 2.9 22.1 59.7 3.6 0.2 
PI 361088B 12.8 3.5 16.8 61.3 4.2 0.3 

Cultivars Century 10.7 3.3 18.6 58.4 7.7 0.2 
Maple Arrow 11.2 3.2 23.7  53.4 7.3 0.3 

High 18:0 A6 8.0 22.3 17.9 42.7 6.6 1.4 

L.S.D. 0.7 1.1 2.3 2.5 1,0 0.1 

apalmitic acid (16:0), stearic acid (18:0), oleic acid (18:1), linoleic 
acid (18:2), linolenic acid (18:3), and arachidic acid (20:0). 

At  40/30°C (Table 2) the  linolenic acid levels of A5, 
C1640, and  N78-2245 were  below 2.0% These are  the  low- 
est  levels of linolenic acid so far  r epor t ed  for soybean 
seeds. The low levels of linolenic acid were  accompan ied  
by low levels of linoteic acid and  were  compensa t ed  by 
high levels of oleic acid. The linoleic acid levels of A5, 
Maple Arrow and  N78-2245 were lower than  any pre- 
viously r epor t ed  levels (1) of field-grown soybeans. The 
oleic acid levels of Maple Arrow and  N78-2245 were 
higher  than  the highest  level previously r e p o r t e d  for any  
line grown in the  field (14). The s tear ic  acid and palmit ic  
acid levels were minimally different from those obta ined  
at  28/22°C for field-grown soybean lines (1). 

At  15/12°C (Table 3) the  levels of linolenic acid were 
much  higher than  the levels observed at  28/220C. There 
were significant differences between the linolenic acid 
levels of the  five low linolenic acid lines. The mean  lino- 
tenic acid level of N78-2245 was higher t h a n  t ha t  of the  
cul t ivar  Century. The linolenic acid level of A5 and PI 
123440 were significantly less than  the levels of the  culti- 
vars,  but  significantly higher than  the  level of C1640 or  

Fatty acid composition by GC, % 

Type Line 16:0 18:0 18:1 18:2 18:3 20:0 

Low 18:3 A5 13.4 3.2 58.5 20.1 1.9 0.4 
C1640 13.5 2.7 46 .8  33.3 1.9 0.4 
N78-2245 11.7 3.3 70.3 8.5 1.9 0.6 
PI 123440 11.0 2.7 46.2 34.9 2.4 0.3 
PI 361088B 13.0 3.8 46.9  30.4 2.2 0.5 

Cultivars Century 12.6 3.0 40 .8  41.8 3.6 0.3 
Maple Arrow 13.0 2.0 66.2  16.1 2.3 0.4 

High 18:0 A6 8.4 18.2 38.7  30.3 2.8 1.6 

L.S.D. 1.0 0.9 3.1 3.0 0.6 0.1 

TABLE 3 

Fatty Acid Composition by Relative Area Percent of  the Seeds of  
Eight Soybean Lines Grown at 15/12°C 

Fatty acid composition by GC, % 

Type Line 16:0 18:0 18:1 18:2 18:3 20:0 

Low 18:3 A5 8.9 1.9 12.7 64.8 10.7 0.1 
C1640 10.4 2.3 13.6 65.2 7.8 0.2 
N78-2245 9.6 2.1 11.9 55.7  18.2 0.1 
PI 123440 10.0 2.1 13.0 63.6  11.1 0.1 
PI 361088B 12.0 2.6 15.3 62.8 7.4 0.2 

Cultivars Century t0.0 2.2 13.3 59.2 14.6 0.1 
Maple Arrow 9.1 2.2 13.7 53.7 20.5 0.1 

High 18:0 A6 8.4 2.4 11.3 56.8 18.2 0.2 

L.S.D. 1.0 0.3 1.3 3.2 1.4 0.1 

PI 361088B (Table 3). The high levels of linolenic acid 
were accompan ied  by high levels of linoleic acid and  were  
compensa t ed  by low levels of oleic acid. 

The low linolenic acid levels in both  C1640 and  PI 
361088B are control led  by a recessive allele a t  the Fan 
locus (4,6). Thus, it  would a p p e a r  t h a t  these f a n  alleles 
may  be responsible  for a reduc t ion  in the  t e m pe ra tu r e -  
sensitive response  of linolenic acid levels. As a result ,  
these lines should be the  most  useful for b reeders  
a t t empt ing  to develop low linolenic acid lines for cool, 
shor t -season areas.  

A6 had  a subs tant ia l ly  higher level of s tear ic  acid than  
all o the r  lines at  28/22 and  40/30°C (Table 3), or in the  
field (12,13). However, A6 p lan ts  grown at  15/12°C had  
levels of  s tear ic  acid t ha t  were  a t  or  below the  levels of the  
other  lines. Thus it a ppe a r s  tha t  exposure  to cool t emper-  
a tures  m a y  a l te r  the s tear ic  acid metabol ism in A6. The 
f a s  a allele, which is responsible  for the  high level of s tear ic  
acid in A6 (12), has  a s econda ry  effect of  increas ing the  
level of a rachid ic  acid (13). At  40/30 and  28/22°C, the  
levels of arachidic  acid in A6 were  four- or five-fold higher 
than  levels in the  o ther  lines, but  a t  15/12°C the  level in A6 
was s imilar  to o ther  lines. This is consis tent  with an al ter-  
ation in the  express ion  of t h e f a s  a allele a t  15/12°C. Fur-  
ther  s tudies  of the  in terac t ions  between the f a s  a allele 
and low t e m p e r a t u r e s  are  present ly  underway.  
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The matur i ty  of the eight lines used in this study range 
from Group 0 (A5) to Group IV (PI 123440). When grown 
at 16 hr  daylength the time to flowering ranged from 43- 
116 days (unpublished data).  Temperatures  in the cabi- 
net are known to fluctuate over time when operating at 
the limits of the tempera ture  range for the cabinet. There- 
fore, it was necessary to conduct  the extreme tempera- 
ture studies at  12 hr  daylength to enhance the synchroni- 
zation of flowering and to ensure tha t  the temperature  in 
the cabinet during seed development was consistent for 
all lines under study. 

Howell and Collins (11) noted that  12 hr  daylength was 
associated with elevated levels of linolenic acid, across 
temperatures.  However, a sample of seed of A6 grown at 
15/12°C with 16 hr daylength had fatty acid levels that  
were not different from those observed with 12 hr day- 
length (unpublished data). In addition, several experi- 
mental  low linolenic acid lines grown at 28/22°C had sim- 
ilar fat ty acid levels for both 16 and 12 hr daylength 
regimes (unpublished data). 

The temperatures  used in the current  study were lower 
and higher than those that  can be reasonably expected in 
most  soybean fields during seedfill. However, these 
temperatures  are useful to evaluate the relative activity 
of enzymes responsible for extreme phenotypes such as 
high stearic acid (A6) or high oleic acid (N78-2245) levels. 
The use of extreme temperatures  allowed us to produce 
fat ty acid profiles tha t  have not been previously observed 
for soybeans. The high oleic acid, low linoleic acid, and low 
linolenic acid levels observed at 40/30°C were beyond the 
range of values observed from the soybean germplasm in 
the field (1). It is apparent  tha t  soybean oil with less than  
2.0% linolenic acid can be produced under  the appropri- 
ate conditions. Therefore, it is reasonable to conclude 

that  breeders may be able to select for soybean lines with 
linolenic acid levels below 2.5% under  field conditions if 
the appropriate  genetic combinations can be created. 
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