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 Temperature Effects Upon the Expression of a High Oleic Acid 
Trait in Soybean 
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Soybeans (Glycine max L. Merr. cvs. N78-2245 and 
Dare) were grown to maturi ty  under control led 
environments to investigate temperature effects upon 
the fatty acid composition of developing seed. These 
genotypes exhibited genetic differences in oleic acid 
(18:1) content. Mature seed from N78-2245 germplasm 
normally contained ca. 43 mol% 18:1, and Dare seed 
contained ca. 18 mol% 18:1. When grown at 30/26 C or 
22/18 C, the overall response of these genotypes to 
temperature resulted in lower 18:1 and higher linoleic 
(18:2) and linolenic (18:3) acid concentrations in mature 
seed. However, the genotypic response was much more 
pronounced in N78-2245 seed than in Dare seed. The 
basis for these genotypic differences appeared to be 
related to temperature effects upon the differentiation 
of the 18:l-synthetic and 18:1-desaturation mechan- 
isms during seed development. Although the high-18:1 
trait was expressed during N78-2245 seed development 
at both temperatures, high-18:1 glycerolipids accu- 
mulated during a shorter developmental period at 
22/18 C than at 30/26 C. At 30/26 C, glycerolipids 
containing greater than 50% 18:1 were deposited 
between 20 and 45 days after flowering (DAF) and 
accounted for 84% (w/w) of the oil in mature seed. At 
22/18 C, glycerolipids with similar fatty acid composi- 
t ion were formed between 30 and 45 DA F and 
accounted for only 40% (w/w) of the oil. Temperature 
effects  upon 18:1-desaturation also appeared to 
mediate the overall differences in unsaturated fatty 
acid composition in these genotypes. The 18:1-desat- 
urat ion mechanism in N78-2245 seed was more 
sensitive to temperature than that in Dare seed. These 
genotype-treatment combinations were ranked by 
degree of 18:1-desaturation in the order: Dare (22/18 C) 
= Dare (30/26 C) >/ N78-2245 (22/18 C) > N78-2245 
{30/26 C). It was proposed that t h e  ranking of these 
genotype-treatment combinations may be attributed, 
in part, to the tissue levels of the 18:1-desaturase 
enzymes in soybean seed grown at different tempera- 
tures. 

The effect  of t empera tu re  upon the f a t t y  acid 
composition of glycerolipids in mature seed has been 
documented for several crop species. These studies 
usually show a negative correlation between the 
concentrations of 18:1 and of 18:2 (also 18:3, if present) 
when seeds are grown at different temperatures. 
However, the magnitude of such genotype × environ- 
ment (G × E) interactions attributed to temperature 
may vary among crop species from slight changes in 
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the unsaturated fatty acid composition of safflower, 
castor bean, sesame seed and rapeseed (1-3) to more 
dramatic changes in sunflowerseed, flaxseed, linseed 
and soybean seed (2-8). Hence, it may be more difficult 
to determine the intrinsic expression of these traits in 
seeds of certain plant species. The reason for such 
differences among various plant species is not under- 
stood. In species such as soybean, one can conclude 
only that the non-heritable component of the pheno- 
typic variability for unsaturated fat ty acid composi- 
tion may be different from other plant species. At this 
time the same conclusion must  be assumed for 
differences among soybean genotypes. In that regard, 
the environmentally induced variation in the unsatu- 
rated fa t ty  acid composition of soybean seed is 
significantly greater in high-18:l genotypes than in 
typical soybean germplasm with a lower 18:1 concen- 
tration (7). 

Although several theories have been proposed to 
explain the relative increase in polyunsaturated fatty 
acids at lower temperature, little is known about the 
biochemical mechanism (s) which elicit the response. 
Most notable among these theories is the concept that 
oxygen concentration or oxygen solubility in the cell 
cytoplasm increases at lower temperatures. Because 
oxygen is required in acyl-desaturation reactions, 
greater amounts of available oxygen at lower tempera- 
ture may s t imulate  18:l-desaturase act ivi ty  (9). 
Another hypothesis contends that  decreased mem- 
brane fluidity at lower temperature alters the con- 
formational structure of the 18:1 or 18:2-desaturase 
enzymes (10). Acyldesaturase activities could then 
increase as a result of greater exposure of the active 
sites to substrates. Yet another proposal suggests that 
the 18:l-desaturase has a lower energy of activation 
(E,) than the rate limiting reaction in fa t ty  acid 
synthesis (11). Thus, the 18:l-desaturase may achieve 
relatively greater activity at lower temperature com- 
pared to the overall rate of fat ty acid synthesis. 

Additional theories might be mentioned. Collec- 
tively, the wide range of opinions about the biochemi- 
cal mechanism by which temperature causes changes 
in unsaturated fatty acid composition attests to the 
complexity of this biological phenomenon. Seeking 
mechanistic explanations through interspecific com- 
parisons only adds to the complexity of this issue. It is 
doubtful that  any single mechanism will fully account 
for the response of unsaturated fat ty acid composition 
to temperature in all plant species. If several mechan- 
isms are involved and can be identified within a given 
species, it is also highly probable that there will be 
genetic variability for those traits. In order to define 
the conditions which elicit changes in unsaturated 
fat ty acid composition at different temperatures, a 
research approach should include genotypes within a 
given plant species that  differ in the genetic regulation 
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of f a t ty  acid composition. At  least the nature  of G × E 
interaction might  be addressed in such studies. 

Genotypes  with genetically altered fa t ty  acid com- 
position, now available within a number  of different 
plant  species, might  be used to  characterize species- 
dependent  effects of ~temperature upon unsa tu ra ted  
fa t ty  acid metabolism and seed development.  In this 
i nves t iga t ion ,  two soybean  g e n o t y p e s  (Dare and  
N78-2245) were used which contain genetic differences 
at  loci encoding the 18:l-desaturase (12). Phenotypi-  
cally, Dare seed represented typical  soybean cult ivars 
which normally contained ca. 18 mol% 18:1. N78-2245 
germplasm was selected for high-18:l; mature  seed 
from this line normally contained ca. 43 mol% 18:1. 
The expression of these t rai ts  in controlled-tempera- 
ture  environments  has not  been shown previously. 
Thus, an objective of this work was to define the 
genotypic response of unsa tura ted  fa t ty  acid composi- 
t ion to d i f ferent  aerial  t e m p e r a t u r e s  dur ing  seed 
development.  The arguments  advanced in this tex t  
have lead to the proposal tha t  the subject genotypic 
response to tempera ture  may  be at tr ibuted,  in part ,  to 
the tissue levels of the 18:l-desaturase enzymes in 
soybean seed grown at different temperature.  

MATERIALS AND METHODS 

Plant growth. Soybeans (Glycine max [L.] Merr. cv. 
Dare and N78-2245) were grown to matur i ty  in growth 
chambers  of the Nor th  Carolina S ta t e  Univers i ty  
P h y t o t r o n  (13). The exper imen t  cons is ted  of two 
rep l i ca t ions  in iden t ica l  chambers .  A rep l i ca t ion  
consisted of eight plants of each genotype randomly 
positioned within the chambers. These plants were 
grown for 30 days at  26/22 _ 0.25 C day/night aerial 
temperatures  and 15/9 hr day/night  durations. After  30 
days, a 9/15 hr day/night  period was imposed to induce 
anthesis .  The  plants  received a complete  nu t r i en t  
solution (13} and a photosynthet ic  photon flux densi ty 
of 700 _ 50 umol/m2/s  and  p h o t o - m o r p h o g e n i c  
radiation of 11 +_ 1 w/m 2 between wavelengths of 700 
and 850 nm during the day period from a combination 
of fluorescent and incandescent lamps. Atmospheric  
CO2, monitored by  IR gas analysis, was maintained at  
400 +_ 25 ~1/1. After  pod initiation the tempera ture  
regime in the chambers  was changed to 30]26 C or 
22/18 C and maintained until  p lant  matur i ty ,  which 
was 60 days after  flowering (DAF) for bo th  genotypes.  
All other  growth conditions were held constant .  

Intact tissue. T h r e e  s u b s a m p l e s  of seed were  
harves ted  from each genotype within a replication of 
each t rea tment  at  20, 30, 45 and 60 DAF. Port ions of 
each subsample  were used to  de te rmine  seed dry  
weight, lipid composition and rates  of in vivo and in 
v i t r o  l ipid syn thes i s .  Sample  means  f rom t h e se  
respect ive measurements  were calculated f rom the  
subsamples of each replication. All da ta  were reported 
as the means of two replications. 

Incorporation of acetate. The  seed  coa t  and  
embryonic axis were removed from seed (5 g fresh 
weight/subsample) harvested at  20, 30 and 45 DAF. 
Unsliced cotyledon halves were incubated with 0.02 
~mol [2-'4C]acetate, 50 Ci/mol, in 0.2 M MES buffer, 
pH 5.5, at 15 C or 25 C or 35 C in a final volume of 30 

ml. Incorporat ion of [2-~4C]acetate into lipid was linear 
in all samples at  all tempera tures  for a t  least 1.5 hr. The 
respect ive incubations were te rmina ted  af ter  1 hr, 
extracted,  and analyzed as described previously (14, 
15}. In addition, phenyl-acyl ester  derivatives of 16:0, 
18:0, 18:1, 18:2 and 18:3 labeled with [2-14C]acetate 
were prepared from the total  lipid extracts ,  separated 
by HPLC and collected individually for radiochemical 
analysis as described by  Wood and Lee (16}. The 
radiochemical pur i ty  of each HPLC fract ion collected 
was at  least 99% as confirmed by  GC analysis. Lipid 
extract ion and analysis of mature  seed f60 DAF} was 
performed as described previously (17}. 

Preparation of homogenates. Unsliced co ty ledon  
halves (2 g fresh weight/subsample) harves ted  at 20 
D A F  were chilled to 4 C (the t empera tu re  of all 
subsequent  operations} and ground with a mor ta r  and 
pest le  in 10 ml of a med ium con ta in ing  50 mM 
H E P E S  pH 7.5, 0.1% BSA, and 1 mM EDTA. The 
homogena t e  was f i l tered t h r o u g h  e ight  layers  of 
cheesecloth plus one layer of Miracloth, and centri- 
fuged at 20000g for 20 min. The supernatant ,  made to 
20 mM MgC12, was centrifuged again at 20000g for 20 
min. The resul tant  pellet was resuspended in grinding 
buffer and used in the desaturase assays. 

Enzyme assays. F a t t y  acid desaturase act ivi ty (18) 
was measured in 0.2 ml 50 mM H E P E S  pH 7.2 with 10 

TABLE 1 
Effect of Growth Temperature upon the Glycerolipid Composi- 
tion of Developing Soybean Seed 

Cultivar Growth DAFb Lip idc Total Dry 
Temp a TPL DG TG Oil Weight 

N78-2245 

C ---~mol/seed d-- %{w/w} g/seed 

30/26 20 1.5 N.D. e 7.2 1 5 . 4  0.016 
30 4.9 0.6 35.2 1 6 . 3  0.072 
45 10.5 2.9 148.2 2 1 . 2  0.222 
60 9.6 3.3 168.7 2 1 . 3  0.248 

22/18 20 1.4 N.D. 6.3 1 4 .1  0.016 
30 4.6 0.3 28.6 1 5 . 9  0.061 
45 7.7 1.7 96.1 1 8 . 8  0.159 
60 13.0 2.2 165.6 1 9 . 0  0.280 

Dare 30/26 20 1.5 1.1 10.0 1 7 . 6  0.021 
30 5.5 3.8 43.5 21.4 0.072 
45 13.1 1.6 123.1 2 4 . 2  0.165 
60 11.6 2.2 144.8 24.4 0.189 

22/18 20 1.4 0.1 6.6 1 2 . 2  0.019 
30 6.0 0.6 36.7 1 8 . 2  0.069 
45 7.8 0.5 84.0 2 1 . 1  0.127 
60 9.6 0.9 136.6 21.0 0.204 

LSD 0.05 2.6 0.7 38.6 2.2 0.021 

aDay/night temperature throughout reproductive growth. 

bDays after flowering. 

CTPL, total polar lipid; DG, diacylglycerol; TG, triacylglycerol. 

dBased upon ~mol fatty acid in each glycerolipid. 

eND, not detected. 

JAOCS, Vol. 63, no, 3 (March 1986) 



348 

B.A. MARTIN, R.F. WILSON AND R.W. RINNE 

TABLE 2 

Effect of Growth Temperature upon the Unsaturated Fatty Acid Content of 
Developing Soybean Seed 

Growth 
Fatty Acid 

Cultivar Temp DAF 18:1 18:2 18:3 18:1 18:2 18:3 Total a 

N78-2245 
C ...... mol %b . . . . . . . . . . . . . .  ~mol/seed ........ 

30]26 20 40.0 36.3 7.5 3.5 3.2 0.6 8.7 
30 52.3 28.0 4.2 21.3 11.4 1.7 40.7 
45 57.3 26.3 3.3 92.6 42.5 5.3 161.6 
60 54.6 28.2 3.4 99.1 51.2 6.2 181.6 

22/18 20 22.1 42.6 15.9 1.7 3.3 1.2 7.7 
30 26.2 46.3 10.4 8.8 15.5 3.5 33.5 
45 46.4 34.8 5.6 48.9 36.7 5.9 105.5 
60 32.3 45.0 7.3 58.4 81.4 13.2 180.8 

Dare 30126 20 19.3 47.7 12.2 2.4 6.0 1.5 12.6 
30 18.7 53.6 9.0 9.9 28.3 4.7 52.8 
45 19.2 56.5 7.5 26.5 77.9 10.3 137.8 
60 18.9 57.9 7.7 30.0 91.8 12.2 158.6 

22/18 20 19.9 39.5 19.1 1.6 3.2 1.5 8.1 
30 19.4 50.7 12.6 8.4 21.9 5.5 43.3 
45 19.2 53.2 11.3 17.7 49.1 10.4 92.3 
60 17.1 55.4 11.4 25.1 81.5 16.8 147.1 

LSD 0.05 9.2 6.6 2.7 19.2 19.5 3.0 41.5 

aSummation of ~mol {16:0 + 16:1 + 18:0 + 18:1 + 18:2 + 18:3}tsee& 

bFatty acid concentration expressed as mol % of the total ~mol fatty acid/seed. 

mg/ml  BSA, 1 mM N A D H ,  0.5 nM [1-14C] 18:I-CoA 
{50 Ci/mol) and 100 ~ enzyme at  t empera tu res  f rom 15 
C to 40 C for one hr. All assays  were shaken a t  150 
strokes/rain and te rmina ted  by  the addit ion of chloro- 
form-methanol  {1:1, v/v}. The mix tu re  was par t i t ioned 
twice agains t  water  and methanol  to remove nonlipid 
compounds  and  nonreac ted  rad ioac t ive  subs t ra tes .  
R a d i o c h e m i c a l  a n a l y s e s  were  p e r f o r m e d  on t h e  
c h l o r o f o r m  so lub le  f r a c t i o n  as be fore ,  w i t h  t he  
exception t ha t  me thy l  ester  der ivat ives  of [14C]18:2 and 
['4C]18:3 were separa ted  by  H P L C  with  methanol-  
wa te r  {92:8, v/v} as the mobile phase,  and detected by  
a b s o r b a n c e  a t  206 nm.  T h e  p r o c e d u r e  for  t he  
desa turase  assay  at  different oxygen concentrat ions 
was the same except  t ha t  the assay  volumes were 3 ml 
and  the  r e a c t i o n s  were  c o n d u c t e d  a t  25 C. The  
apparen t  energies of act ivat ion {Eo) in kcaYmol for 18:2 
and 18:3 synthes is  f rom [1-"C]18:I-CoA were calcu- 
la ted f rom the mean  respect ive velocities at  15 and 25 
C by  the equation: E~ = [RT2TIln (v/v1)]/104; where: R 
= 1.98, T~ = 288 K, T~, -- 298 K, v~ = velocity a t  15 C, 
v2 = velocity a t  25 C. Kcal/mol multiplied by  4.184 
gave  the apparen t  Ea in kJ/mol.  

RESULTS AND DISCUSSION 

Percent  oil in soybean seed is t hough t  to be posi t ively 
correlated with t empera tu re  {5,8}. No exception to t ha t  
premise  was found in ma tu re  seed f rom N78-2245 and 
Dare  plants  cont inuously exposed th roughout  repro- 
duct ive growth  to day/night  t empera tu res  of 30/26 C 

or 22/18 C {Table 1). As  shown, pe rcen t  oil was  
significantly grea ter  in ma tu re  seed f rom N78-2245 or 
Dare  p lan ts  grown a t  30/26 C than  a t  22/18 C. In the  
ma tu re  seed, however,  the actual  amoun t  (~mol/seed} of 
tr iacylglycerol {TG}, the  predominant  glycerolipid of 
soybean oil, was not  s ta t is t ical ly  different between 
genotypes  or t r ea tments .  In  view of the differences in 
percent  oil of ma tu re  seed grown at  different tempera-  
tu res  and  the known effects  of t e m p e r a t u r e  upon  
metabol ic  processes,  one would expect  to find a grea ter  
or more rapid accumulat ion of TG a t  higher tempera-  
ture  t han  a t  lower tempera ture .  Indeed, this antici- 
pa ted  response  to t empera tu re  was observed in the  
ra te  of TG accumulat ion during early s tages  of N78- 
2245 and Dare  seed development.  Between 20 and 45 
DAF,  TG accumulated a t  a ra te  of 5.8 ~mol/seed/day a t  
30/26 C and 3.7 ~mol/seed/day a t  22/18 C in N78-2245; 
in Dare,  the ra te  was  4.6 ~mol/seed]day a t  30/26 C 
and 3.1 ~mol / seed /day  a t  22/18 C. N e v e r t h e l e s s ,  
during the  final 15 days  of seed growth (45 to 60 DAF) 
there  was greater  accumulat ion of TG in these soybean 
seed a t  22/18 C than  at  30/26 C. I t  will be shown later  
tha t  the f a t ty  acid composi t ion of the  glycerolipid 
deposi ted within t ha t  period tended to contain higher 
concentrat ions of 18:2 and 18:3 in all genotype-treat-  
ment  combinations.  Apparen t ly  these events  resul ted 
f rom an interact ion between the effects of tempera-  
t u r e  upon  seed d e v e l o p m e n t  and  l ipid m e t a b o l i c  
processes.  Normally,  TG deposition in soybean seed 
would be expected to p la teau at  or near  45 DAF,  as 
seen in the 30/26 C t r ea tment .  However ,  a t  lower 
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TABLE 3 

Fatty Acid Composition of Glycerolipids Formed Between Specified Stages of Seed 
Development 

Growth 
Fatty Acid 

Cultivar Temp DAF 18:1 18:2 18:3 18:1 18:2 18:3 Total 

N78-2245 

C ...... mol %a . . . . . . . . . . . . . .  ~mol/seed b ........ 

30/26 0-20 40.0 36.3 7.5 3.5 3.2 0.6 8.7 
20-30 55.6 25.6 3.4 17.8 8.2 1.1 32.0 
30-45 59.0 25.7 3.0 71.3 31.1 3.6 120.9 
45-60 32.5 43.5 4.5 6.5 8.7 0.9 20.0 

22/18 0-20 22.1 42.6 15.9 1.7 3.3 1.2 7.7 
20-30 27.5 47.3 8.9 7.1 12.2 2.3 25.8 
30-45 55.7 29.4 3.3 40.1 21.2 2.4 72.0 
45-60 12.6 59.4 9.7 9.5 44.7 7.3 75.3 

Dare 30/26 0-20 19.3 47.7 12.2 2.4 6.0 1.5 12.6 
20-30 18.7 55.5 8.0 7.5 22.3 3.2 40.2 
30-45 19.5 58.3 6.6 16.6 49.6 5.6 85.0 
45-60 1 6 . 8  66.8 9.1 3.5 13.9 1.9 20.8 

22/18 0-20 19.9 39.5 19.1 1.6 3.2 1.5 8.1 
20-30 19.3 53.1 11.4 6.8 18.7 4.0 35.2 
30-45 19.0 55.5 10.0 9.3 27.2 4.9 49.0 
45-60 13.5 59.1 11.7 7.4 32.4 6.4 54.8 

LSD 0.05 9.8 7.9 2.8 11.2 9.1 1.3 20.2 

aFatty acid concentration expressed as mol % of the total ~nol fatty 
accumulated between the specified stages of seed development. 

bActual amount {~mol/seed} of fatty acid accumulated between the specified 
seed development. 

acid/seed 

stages of 

tempera ture ,  TG continued to accumulate  a t  a l inear 
r a t e  unt i l  m a t u r i t y  {60 DAF}. A l though  the  final 
amoun t  of TG/seed was not  different among  these  
g e n o t y p e - t r e a t m e n t  c o m b i n a t i o n s ,  the  r e s p e c t i v e  
weight  of the seed was significantly greater  a t  lower 
tempera ture .  Therefore, the oil percentage  in ma tu re  
seed f rom plants  grown at  different t empera tu res  was 
determined by  seed size ra ther  than  by  gross  differ- 
ences in the actual  amount  of oil/seed. 

Wi th  regard  to  the  f a t t y  acid composi t ion of the  
seed oil f rom soybeans  grown at  different tempera ture ,  
the  concentrat ion of 18:1 is thought  to be negat ively  
correlated with the concentrat ion of 18:2 and 18:3 15}. 
no exception to t ha t  premise was found in ma tu r e  
seed f rom the high-18:l genotype  N78-2245 or Dare  
p lan ts  grown at  30/26 C or 22/18 C {Table 2}. However ,  
the  response of unsa tu ra t ed  f a t t y  acid composi t ion to  
t empera tu re  was much  less p rominent  in Dare  t han  in 
N78-2245. A t  m a t u r i t y  the double bond index {DBD, 
expressed as the summat ion  of mol % [18:1 + 18:2 {2} + 
18:3 {3}], was 121.2 at  30/26 C and 144.2 a t  22/18 C in 
N78-2245 seed; in Dare,  the D B I  was 157.8 a t  30/26 C 
and  162.1 a t  22/18 C. Dur i ng  seed  deve lopmen t ,  
g rowth  t empera tu re  significantly affected the expres- 
sion of the high-18:l t ra i t  in N78-2245 seed, bu t  had  
li t t le effect upon mol % 18:1 in Dare  seed. In  the 30/26 
C t rea tment ,  the concentrat ion of 18:1 in N78-2245 
seed exceeded 50 mol % at  30 DAF; at  22/18 C the high 
18: l- t rai t  was not  expressed until  45 DAF.  Even  then  

the actual  amount  of 18:1 {pmol/seed} a t  45 D A F  was 
ca. 50% of the amount  of 18:1 in the  30/26 C t rea tment .  
Af ter  45 D A F  there was  essential ly no fur ther  increase 
in the actual  amoun t  of 18:1 (~mol/seed} in ei ther  
t rea tment .  

Developmenta l  effects upon the expression of the 
high-18:l  t ra i t  were shown by  computa t ion  of the 
f a t t y  acid composi t ion of t ha t  amount  of oil which 
accumula ted  between specific da tes  {Table 3). These 
d a t a  d e m o n s t r a t e d  t h a t  g lycerol ipids  wi th  signifi- 
cant ly  different f a t t y  acid composi t ion were deposi ted 
d u r i n g  speci f ic  pe r i ods  of seed  d e v e l o p m e n t .  In  
N78-2245 seed grown a t  30/26 C, glycerolipids wi th  55 
to 59 mol % 18:1, ca. 26 mol % 18:2 and ca. 3 mol % 
18:3 accumula ted  be tween 20 and 45 DAF.  These 
glycerolipids accounted for ca. 84% {w/w} of the  to ta l  
~mol f a t t y  acid in m a t u r e  seed. Glycerolipids with 
s imi la r  u n s a t u r a t e d  f a t t y  acid  c o m p o s i t i o n  were  
formed only between 30 and 45 D A F  in N78-2245 seed 
grown at  22/18 C, and accounted for ca. 40% {w/w} of 
the to ta l  ~mol f a t t y  acid in ma tu re  seed f rom tha t  
t rea tment .  Al though the  ant ic ipated response  of lower 
t empera tu re  upon unsa tu ra t ed  f a t t y  acid composi t ion 
of N78-2245 seed grown a t  22/18 C was  not  seen in the 
glycerot ipids  fo rmed be tween  30-45 DAF,  a lower 
amount  of high-18:l oil was  deposi ted in this  seed a t  
lower t empera tu re  t han  a t  higher tempera ture .  As a 
r e s u l t  t he r e  was  a g r e a t e r  p r o p o r t i o n  of h igh ly  
unsa tu ra t ed  glycerolipids formed in N78-2245 seed at  
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TABLE 4 

Effect of Incubation Temperature upon the Incorporation of [2-~4C]Acetate into 
Unsaturated Fatty Acid 

Incuba- 18:1 + 18:2 Relative c 18:1- 
tion +18:3 a 18:2 + 18:3 b Desaturation 

Cultivar DAF Temp. 30126 22/18 30/26 22/18 30126 22/18 
C d C C C C C 

N78-2245 20 

30 

45 

Dare 20 

30 

45 

C 
15 
25 
35 

..... nmol[,4C]/hr/seed . . . . . . . . . .  % ..... 
0.85 0.81 0.10 0.14 11.8 17.3 
1.70 1.80 0 . 2 9  0.51 17.1 28.3 
2.55 2.63 0.25 0.35 9.8 13.3 

15 0.92 1.08 0.11 0.23 12.0 21.3 
25 1.93 2.16 0.31 0.59 16.1 27.3 
35 2.85 2.97 0.20 0.38 7.0 12.8 

15 0.51 0.87 0.06 0.12 11.8 13.8 
25 1.17 1.94 0 . 1 6  0.36 13.7 18.6 
35 2.41 2.84 0 . 1 0  0.24 4.2 8.5 

15 0.58 0.57 0 . 1 0  0.10 17.2 17.5 
25 1.07 1.02 0.32 0.32 29.9 31.4 
35 1.54 1.58 0.21 0.19 13.6 12.0 

15 0.84 0.71 0.15 0.13 17.9 18.3 
25 1.54 1.36 0 . 4 8  0.48 31.2 35.3 
35 2.29 2.00 0.32 0.25 14.0 12.5 

15 0.57 0.61 0.10 0.11 17.5 18.0 
25 1.26 1.14 0 . 3 6  0.33 28.6 28.9 
35 1.61 1.50 0.21 0.21 13.0 14.0 

LSD 0.05 0.29 0.05 3.0 

aTotal 18:1 radioactivity, expressed as the summation of the radioactivities in 
[~4C]18:1, [~4C]18:2 and [14C]18:3. 

bTotal 18:2 radioactivity, expressed as the summation of radioactivities in [~4C]18:2 
and [~'C]18:3. 

C(Total 18:2 radioactivity/total 18:1 radioactivity} × 100. 

dDiurnal temperature at which seed was grown. 

22/18 C than at 30/26 C. Hence, the expression of the 
high-18:l trait  in N78-2245 seed grown at different 
temperatures  was not  simply governed by effects upon 
18 : l -desa tu ra t ion  per se, bu t  depended upon  the 
differentiation of the 18:l-synthetic and 18"l-desatur- 
ation mechanisms during seed development. In Dare 
seed, however, it appeared that  the differentiation of 
these mechanisms during seed development was not as 
sensitive to temperature  as those in N78-2245 seed. 

A l t h o u g h  the  r a t e s  of u n s a t u r a t e d  f a t t y  acid 
synthesis derived from the incorporation of [2-14C]ac~ 
ta te  may not  be comparable to the in vivo rate of 
unsa tura ted  fa t ty  acid accumulation, such information 
does show the relative effect of temperature  upon 
18: l - synthes i s  and 18: l -desa tura t ion .  Because the 
amount  of radioactivi ty accrued in 18:2 and 18:3 is 
obligatorily derived from 18:1, the total radioactivi ty 
in 18:1 may be expressed as the sum of [14C]18:1 plus 
[~4C]18:2 plus [14C]18:3. Data  presented in Table 4 
showed a linear increase in the total-18:l  radioactivi- 
ties for all genotype- t reatment  combinations when the 

incubation temperature of the reactions was increased 
from 15 C to 35 C. Thus, within tha t  range there 
appeared to be a positive correlation between tempera- 
ture and 18:1 synthesis. 

A relative estimate of percent 18:l-desaturation in 
Dare and N78-2245 seed grown at 30/26 C or 22/18 C 
was determined by expressing the total radioactivity in 
18:2, [14C]18:2 plus ['4C]18:3, as a percentage of the 
total  radioact ivi ty  in 18:1 (Table 4). As found by 
others (19,20} and verified by the desatura t ion of 
[1-~4C]18:1-CoA {Fig. 1), these calculations revealed 
an apparent  temperature opt imum for 18:l-desatura- 
tion near 25 C in both  genotypes at  all stages of seed 
development. A t  comparable stages of seed develop- 
ment, percent 18:l-desaturation was greater in Dare 
seed than in N78-2245 seed from plants  grown at 
30/26 C. The differences in the respective percent 
18:l-desaturation values, however, were not as great  
between Dare and N78-2245 seed grown at  22/18 C. In 
addition, grea ter  percent  18 : l -desa tura t ion  values 
were found in N78-2245 seed grown at 22/18 C than in 
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FIG. 1. Effect  of incubation temperature upon in vitro assays  of 
18:2 and 18:3 synthesis .  Homogenates  of soybean seed, prepared 
as described in the Methods  Section,  were incubated wi th  
[1-1"C]18:1-CoA for 1 hr at  15 to 40 C. Radioactive 18:2 and 18:3 
were separated via HPLC. 
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ra te  of 18: l -desaturat ion increased in N78-2245, bu t  
not  in Dare  seed. No evidence was found to implicate 
changes in t issue-oxygen concentrat ion as a cause of 
the different responses  in 18: l -desatura t ion ra tes  to 
t empera tu re  between these two soybean genotypes .  In  
addition, the apparen t  Eo for 18:2 synthesis  (47.5 _ 1.4 
kJ/mol) and for 18:3 synthesis  (30.0 +_ 1.8 kJ/mol) f rom 
[1-t4C]18:1-CoA (Fig. 1) did not  differ among  these 
g e n o t y p e - t r e a t m e n t  combina t ions .  However ,  if the  
apparen t  E= for these react ions involved in 18:l-desat- 
u ra t ion  were cons t an t  in N78-2445 and Dare  seed 
grown a t  dif ferent  t empera tu re s ,  the  r a t e  of 18:l- 
desa tura t ion  should be direct ly related to the  absolute  
t i s s u e  l eve l  of  t h e s e  e n z y m e s .  A s  o p p o s e d  to  
conformat ional  changes  in a cons tan t  t i ssue level of 
these enzymes,  we migh t  then  speculate  t h a t  there was 
a lower t issue level of the enzymes  which desa tu ra te  
18:1 to  18:2 and 18:3 in N78-2245 seed grown at  30/26 
C than  a t  22/18 C; in Dare  seed the  t issue level of these 
enzymes  was not  affected by  g rowth  t empera tu re .  
There is ample evidence for an increase in the levels of 
certain proteins  and enzymes in plant  t issues at  lower 
t empera tu re  (22), ye t  little is known about  t empera tu re  
effects upon the t issue levels of acyldesa turases  or the 
genetic regulat ion of such a response among  geno- 
types .  The proof  for such a hypo thes i s  will r e s t  
u l t imate ly  wi th  the purification and quant i f icat ion of 
the  18:1 and  18:2-desaturase  enzymes  f rom these  
genotypes  grown at  different tempera tures .  Studies 
have  been ini t ia ted to achieve t ha t  objective.  The 
resul ts  of such studies could determine the molecular 
genetic basis  for a t  least  one factor  which media tes  the 
expression of the high-18:l t ra i t  in N78-2245 germ- 
p lasm grown at  different tempera ture .  

N78-2245 seed grown a t  30/26 C; no differences were 
found in percent  18 : l -desa tura t ion  values  be tween 
Dare  seed grown at  ei ther tempera ture .  On the basis  of 
these da ta  the geno type- t rea tment  combinat ions  were 
r anked  wi th  respec t  to  a p p a r e n t  18 : l -desa tu ra t ion  
ability in the order: Dare  (22/18 C) = Dare  (30/26 C) >i 
N78-2245 (22/18 C) > N78-2245 (30/26 C). To show a 
parallel between these da ta  and the in vivo responses  
in unsa tu ra ted  f a t t y  acid composi t ion of N78-2245 and 
Dare  seed to growth  tempera ture ,  the amount  (~mol/ 
seed) of 18:2 plus 18:3 was expressed as a percentage 
of the amount  (~mol/seed) of 18:1 plus 18:2 plus 18:3 
accumulated in ma tu re  seed. The values derived f rom 
these calculations were 79.7% (Dare a t  22/18 C), 77.6% 
(Dare a t  30/26 C), 61.8% (N78-2245 at  22/18 C) and 
36.7% (N78-2245 at  30/26 C). Therefore,  by  ei ther  
me thod  the 18 : l -desa tura t ion  ac t iv i ty  in N78-2245 
seed was shown to be more sensi t ive to t empera tu re  
than  t h a t  in Dare  seed. Hence the  ra te  of 18:l-desat- 
ura t ion  was one of the fac tors  which signif icant ly 
influenced the  express ion  of the  high-18:l  t r a i t  in 
N78-2245 seed. 

In  a p r e v i o u s  s t u d y ,  C a r v e r  a n d  Wi l s o n  (21) 
demons t ra t ed  t ha t  the relat ive ra te  of 18:l-desatura- 
t ion in Dare  seed was ca. twice t ha t  in N78-2445 seed 
at  comparable  s tages  of development.  Evidence shown 
in the present  s tudy  suppor ted  t ha t  finding, but  only 
in p lants  grown at  30/26 C. At  lower t empera tu res  the 
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• %Effectiveness of Antioxidants in Refined, Bleached Avocado Oil 

M.J. Werman  and I. N e e m a n  
Technion, Israel Institute of Technology, Department of Food Engineering and Biotechnology, 
Haifa, 32000, Israel 

The addition of antioxidants propyl gallate (PG), 
a-tocopherol and ethoxyquin at a level of 250 ppm to 
refined, bleached avocado oil resulted in the retarda- 
tion of the oxidative deterioration of the oil when it 
was stored in the dark at room temperature, exposed to 
daylight at room temperature {on the shelf) and at 60 C. 

The extent of oxidation was followed by measuring 
the peroxide and anisidine values  and oil color. 
Ethoxyquin and a-tocopherol were relatively ineffec- 
tive antioxidants, whereas PG greatly improved the 
stability of avocado oil stored in the dark at 60 C, but 
not in oil exposed to daylight. 

Avocado oil is der ived f rom the mesocarp  of the 
avocado  frui t .  There  are two major  me tho d s  for 
producing avocado oil. One is by  drying and pressing 
the fruit  at  elevated tempera tures  and extract ing the 
oil w i th  an o r g a n i c  so lven t .  The  second  is by  
c e n t r i f u g a l  fo rce  s e p a r a t i o n .  Crude  a v o c a d o  oil 
undergoes refinement,  bleaching and deodorization, 
yielding the edible oil. Avocado oil is used mainly in 
the cosmetic indust ry  in its crude form. In the future,  
avocado oil is expected to enter  the food industry.  Like 
other  well known edible oils, avocado oil is sensitive to 
oxidative processes result ing in rancidity, product ion 
of  undes i r ab le  f l avors  and  q u a l i t y  losses  du r ing  
s torage {1). The pr imary products  of lipid oxidation are 
hydroperoxides  which general ly  are refer red  to as 
peroxides. Therefore, it  seems reasonable to determine 
the concentrat ion of peroxides as a measure of the 
e x t e n t  of  ox ida t i on .  H o w e v e r ,  th i s  a p p r o a c h  is 
misleading because of the t rans i tory  nature  of the 
peroxides {2). Moreover, the iodometric method for 
peroxide value has inherent errors due to the absorption 
of iodine at  the unsa tura ted  bonds and the generation 
of iodine from potass ium iodide by  oxygen in the 
solution {3}. 

The effectiveness of various antioxidants  in stabi- 
lizing edible oils has been studied previously {3-6}. 
Most  of the commonly used ant ioxidant  compounds 
are referred to  as phenolic ant ioxidants  (7). These 

ant ioxidants  conta in  an unsa tu ra t ed  aromatic  r ing 
c o n t a i n i n g  h y d r o x y l  or  amine  g r o u p s  t h a t  a re  
hydrogen donors, and thus retard the production of 
free radicals during the initiation stage of oxidative 
processes (8). 

In view of the lack of data  on the retarding effect of 
a n t i o x i d a n t s  on a u t o x i d a t i o n  of avocado  oil, the  
present  s tudy  was set up to evaluate the effectiveness 
of propyl  gaUate, a-tocopherol and ethoxyquin under  
various conditions. 

EXPERIMENTAL PROCEDURES 

Preparation o f  samples. Refined, bleached avocado oil 
was obtained from Avochem, Santa  Paula, California. 
In accordance with the manufacturer ' s  s ta tement  the 
oil is free of added antioxidants and preservatives.  The 
characterist ics of the avocado oil are given in Table 1. 

The antioxidants  were of analytical grade. DL-a- 
tocopherol  was obta ined from Fluka AG, Buches, 
Switzerland.  E t h o x y q u i n  (1,2-dihydro-6-ethoxy-2,2, 
4-tr imethyl quinoline) was obtained from ABIC LTD, 
Ramat-Gan, Israel, and n-propyl gallate from Sigma 
Chemical Co., St. Louis, Missouri. 

Each  antioxidant,  a t  a level of 250 ppm, was added 
directly to the oil, which was st irred at  ca. 60 C for one 
hr to ensure complete dissolution of the antioxidant  in 
t h e  oil. S a m p l e s  of  oil, 10 ml each,  were  t h e n  
t ransferred to a series of t ransparent  bott les of 20 ml 
volume and 5 cm 2 cross section each. The bott les were 
loosely closed to enable direct contact  between the oil 
surface and atmospheric  air. 

The oil samples were exposed to several oxidative 
conditions. These were (i} complete darkness at room 
temperature;  {ii) "on  the shelf," exposed to daylight at  
ambient  temperature ,  and (iii) opaque laboratory oven 
at  60 C. 

Analys i s  o f  samples. Peroxide values were deter- 
mined per iodical ly  in accordance wi th  the AOCS 
Official Methods (9). Ansidine values were obtained 
using IUPAC methods{10). 

Oil color was evaluated  using the Stil lman ( l l )  
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