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ABSTRACT 

"r-Linolcnic acid (18:3 46'9'12) occurs in significant amounts in 
various species of plants surveyed. Of the species analyzed in this 
study, Nonnea macrospernOa, with 5.1% "t-linolenic acid in the seed, 
is the richest source of this fatty acid, Other species in the same 
family (Boraginaceae) are also good sources: Adelocaryum coeles- 
tinum, Alkanna froedinii, Alkanna orientalis and Brunnera orientalis. 
Scropbularia marilandica (family Scrophulariaceae) seeds contain 
37.9% oil, of which 9.6% is 7-1inolenic acid. All species mentioned 
above are better sources, when the total amount of ~linolenic acid 
in the seed is considered, than that used traditionally, Evening 
Primrose (Oenothera biennis, family Onagraceae). None of the 
other Onagraceae nor any of the Ribes (family Saxifragaceae) 
species analyzed are as rich inz~-~i~o]c2n.ic5 acid as Evening Primrose. 
Octadecatetraenoic acid (18:4 . . . . .  ) was found in significant 
amounts in most of the Boraginaceae and Ribes surveyed. The 
Onagraceae and Scrophulariaceae lack detectable amounts of this 
fatty acid. 

INTRODUCTION 

Recently, there has been much interest in v-linolenic (all 
cis-6,9,12-octadecatrienoic) acid due to claims of its involve- 
ment  in preventing or alleviating a wide variety of human 
diseases (1-4). The most common source of this fatty acid 
is Evening Primrose (Oenothera biennis) seed oil; however, 
several species of the Boraginaceae, Aceraceae and Ranun- 
culaceae families are also known to contain significant 
amounts (5-9). In our search for new oilseed crops we 
have found additional sources of this fatty acid in 45 dif- 
ferent species. 

EXPERIMENTAL PROCEDURES 

Oil content  of the seeds analyzed was determined by Butt 
extraction (10) with petroleum ether as solvent, and is 
based on the dry weight unless otherwise noted. Oil was 
transesterified with 10% BF3 in MeOH according to the 
method of Metcalfe et al. (11), and analyzed in a Hewlett 
Packard 7610 gas chromatograph using two columns 
simultaneously: a 10 ft • �88 in glass column packed with 
5% LAC-2-R 446 on Gas-Chrom 0o and a 4 ft • IA in 
glass column packed with 5% Apiezon L on Chromosorb 

W AW DMCS, at 185 C. If 7-1inolenic acid was previously 
reported in the family, as in the Boraginaceae and Ona- 
graceae, identification was made solely on the basis of 
equivalent chain lengths (EEL) with known saturated fatty 
acid methyl esters as standards (12). For the two remaining 
genera, one species of each was analyzed as follows. 

A triene isomer standard was prepared from fatty acid 
methyl esters of Echium plantagineum L. The C18 tetraene 

~6 9 12 15 (18:4 ' ' ' ) methyl ester was isolated by high per- 
formance liquid chromatography (HPLC) on a Whatman 
Partisil M9 10/50 ODS-2 column with acetonitrile as 
solvent and a differential refractometer as detector. A 24- 
mg sample of the tetranene was then reduced with hydrazine 

(13) until  trienes comprised ca. 40% of the total. The 
trienes were separated from the mixture under the same 
HPLC conditions as above and analyzed by gas chomato- 
graphy (GC) using a 25-m SP-IO00 glass capillary column, 
0.25 mm id, at 180 C. Trienes with EeL of 18.95, 19.13, 
19.21 and 19.29 were obtained. EeL of 18.95 and 19.29 
were identified as 3'- and a-linolenic acids, respectively, by 
comparison with standards. The other two trienes, presum- 
ably C18:3 ~'6'9'15 and C18:3 A6'12'15, were not identi- 
fied. 

Triene methyl esters from Ribes alpinum L. and Scro- 
phularia marilandica L. were purified by HPLC as des- 
cribed above, and the two mixtures of a- and 7qinolenic 
were analyzed by glass capillary GC. Each produced two 
peaks with EeL of 18.93-18.95 and 19.29, representing 
the presumed 7-1inolenic and a-linolenic. Verification of the 
C6 double bond of 7-1inolenic acid in the mixtures was 
made by ozonolysis and triphenylphosphine reduction (14) 
followed by GC-mass spectrometry (MS) (GC: 5% BDS in 
a 2m x 2mm glass column, programmed from 50 to 220 C 
at 5 C/min; MS by electron impact in a Kratos MS-30 
mass spectrometer). 

RESULTS AND DISCUSSION 

Location of the Double Bonds 

The C9 and C6 aldehyde esters of the ozonolysis products 
from the two Ribes and Scropbularia linolenic mixtures 
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were identified by comparison of their mass spectra with 
those published by Noble and Nawar (15). GC retention 
times were consistent with these identifications. 

Analysis of the Oils 

Of the 22 species of Oenotbera analyzed, O. biennis, or 
Evening Primrose, seeds have the highest percentage of 
3'-linolenic acid at 2.5% (10% of the oil) (Table I); this 
species is the traditional source of T-linolenic. O. grandi- 
flora contains almost as much of this fatty acid in the seed 
oil, but the oil makes up less than 4% of the seed. Most 
other species of the genus also contain a significant amount 
of 3,-linolenic; however, 6 have none at all. In fact, of the 
Oenotbera surveyed, those that have the highest total oil 
content  do not contain any 7-1inolenic acid. None have a 
measurable amount  of octadecatetraenoic acid. 

Of the Boraginaceae surveyed, 5 are richer sources of 
3,-linolenic acid than Evening Primrose. For example, 
Nonnea macrosperma seeds contain 38.6% 0il, and of that 
oil, 13.1% is 7-1inolenic acid, yielding a total of 5.1% of 
the seed. Likewise, note Alkanna froedinii, Brunnera 
orientalis, Alkanna orientalis and Adelocaryum coelestinum 
(Table I). Additionally, many of these Borages have a large 
amount  of octadecatetraenoic acid. 

Scrophularia marilandica, with very high oil content 
(37.9%), has a substantial amount  of 3,-linolenic acid (9.6%); 
this seed is thus also a richer source of the fatty acid than 
Evening Primrose. None of the Scrophularia have any 
detectable tetraene. Ribes alpinum, with 8.9% T-linolenic 
acid and 18.7% oil, is the best source of 3,-linolenic acid 
in this genus. All Ribes surveyed contain a measurable 
amount  of tetraene. 
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