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Summary 

Seed samples of Oenothera species and of Borago officinalis, cultivated in 1986, 
were analysed to determine their fatty acid composition and in particular the gam­
ma-linolenic acid (GLeA) content. In B. officinalis 7.1 % GLeA was found where­
as in Oenothera species the average was 2.3 %. The mean content of oil in the seeds 
was 30.8 % and 21.2 %, respectively. The GLeA content in both seed types was 
positively correlated with the seed oil (r > 0.8). The fatty acid composition in the oil 
showed only little variation within the different Oenothera species grown in that 
particular year. The soil type, sand or clay, did not significantly influence the GLeA 
and other fatty acid contents. It was concluded that the production of GLeA from 
B. officinalis can be as much as three times higher than in Oenothera species consid­
ering similar seed yields for both crops and neglecting the poor seed retention of B. 
officinalis. The high level of GLeA emphasises the quality of the oil from B. offici­
nalis in comparison to evening primrose when used to compensate a lack of GLeA 
in man caused by A6-linoleic desaturase deficiency diseases and is of interest as al­
ternative for the microbiological GLeA produce. 

Introduction 

Gamma-linolenic acid (GLeA) (C18:3, n-6,9,12; all cis) is an essential fatty acid 
and is normally produced in human beings through desaturation of linoleic acid 
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(LA) by A6-LA desaturase in liver. GLeA must be supplied in the diet in cases of 
enzyme deficiencies since GLeA acts as precursor for bis-homo-GLeA and arachi-
donic acid from which indispensable compounds are produced in the body such as 
prostaglandins PGE1 and PGE2, prostacyclins and tromboxanes (Paccalin et al., 
1984; van Dorp, 1983; Horrobin et al., 1983). GLeA is also found in human milk fat 
(Gibson et al., 1981) reflecting the occurrence of this fatty acid in man. 

Most of the commercial sources of GLeA currently available for pharmaceutical 
purposes is the oil of evening primrose. Oenothera lamarckiana Ser and O. biennis 
are commonly breeded in the Netherlands. Plant materials were surveyed to search 
for new GLeA sources by Lacombe et al., 1985; Pina et al., 1984; Traitler et al., 
1984; Wolf et al., 1983; Miller et al., 1968; Kleiman et al., 1964; Earle et al., 1959. 
They have described a lot of seed species with this essential fatty acid. In Oenogra-
ceae ca 2.5 % GLeA is found in the seed, whereas Boraginaceae and especially B. 
officinalis contain up to 7 % GLeA (Kleiman et al., 1964). 

During recent years, breeding and agronomical research was conducted in the 
Netherlands with Oenothera species and B. officinalis. Genetic resources from all 
over the world were introduced to investigate the possibilities for commercial pro­
duction of vegetable GLeA. During the early eighties increasing interest exist in 
cultivation of GLeA crops in the Netherlands (1986: 800 ha evening primrose and 
80 ha borage). In the present paper, data are presented of oil content and fatty acid 
composition of the seed oils from different species of Oenothera, in particular O. 
biennis and O. lamarckiana, and of B. officinalis. The effect of different soil types 
on the chemical composition of the seed will be discussed. 

Materials and methods 

The Centre for Genetic Resources The Netherlands (CGN) has recently evaluated 
some 200 accessions of eight different subgenera of the genus Oenothera and 11 ac­
cessions of B. officinalis as part of a program on new crop development with main 
emphasis on industrial oilseeds (van Soest, 1987). The collections of Oenothera 
were grown in 'single' plots partly on light sandy soils and partly on heavy clay. Five 
different species of the same origin (accessions) were grown on both soil types. The 
11 accessions of B. officinalis were only grown on the sandy soil. A group of 62 most 
promising Oenothera accessions, of which 57 belong to the same subgenera, were 
selected on the basis of performance. All seed samples were cleaned, dried at 22 °C 
to approximately 8 % moisture content, sealed in laminated aluminium bags and 
analysed for oil and fatty acids. 

Oil content 

Oil content was determined by simultaneous steel ball grinding and extraction with 
petroleum ether 40/60 for 10 min, followed by soxhlet extraction and repetition of 
the whole procedure. After evaporation of the solvent, the oil was dried at 100 °C 
for 1 h. 
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Fatty acid composition 

An aliquot of the petroleum ether, containing ca 100 mg oil, was taken just before 
evaporation of the solvent, to prevent oxidation of GLeA, and used for gas-chro-
matographic analysis. The fatty acid methyl esters (FAME) were prepared by 
transesterification of the glyacyls with 200 ju\ 2N potassium hydroxide in methanol 
and shaking for 20 s (IUPAC, 1984a). The gas-chromatographic analyses were per­
formed with a Varian Serie 3700 gas Chromatograph with automatic injection sys­
tem and split injector. The FAME'S were separated isothermal at 215 °C on a 25 m 
x 0.22 mm fused silica capillary column of CP WAX 57 Chemical Bounded 
(Chrompack, Middelburg, NL), according to the principles of IUPAC (1984b). 
The peaks were identified using analytical-grade FAME'S and the results were 
quantified with the recently certified reference material RM162 (soya-maize blend) 
of the Bureau Communautaire de Référence1. This leads to results with a level-in-
dependant standard deviation less than 0.1 %. 

Results and discussion 

Oil content and other properties 

The oil content of the 11 accessions of B. officinalis varied from 24.0 to 34.0 %, 
whereas in 27 samples of the common cultivated O. biennis and O. lamarckiana a 
range between 14.6 and 25.0 % was found. Selection for higher oil content seems 
thus possible for these common types. The average results for the percentage of oil 
are shown in Table 1. 

Five extracted seed samples of O. biennis were analysed for their remaining nu­
tritional value. A rather low protein content (15 %) and high fiber content (55 %) 
were found, the remaining compounds being water, carbohydrates and minerals 
(Hudson, 1984). 

Fatty acid composition 

The fatty acids C16:0, C18:0, C18:l, C18:2 and GLeA (C18:3) in the oil obtained 
from the different species as well as the GLeA content in the seed are tabulated in 
Table 1. Fig. 1 illustrates the separation quality of the fatty acid analysis with capil­
lary gas chromatography on CP WAX 57 CB of B. officinalis. 

Oenothera species 

The GLeA overall mean content in the oil was 10.5 % (standard deviation 0.80). 
Linoleic acid (C18:2, n-6) was predominant and represented ca 72 % of the total 
fatty acids. Minor fatty acids that are not included in Table 1 are: palmoleic acid 
(C16:l) 0.09 %; a-linolenic acid (C18:3, n-3) 0.21 %; eicosanoic acid (C20:0) 

1 BCR; Rue de la Loi 200, Brussels, Belgium. 
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Table 1. Contents of oil and principle fatty acids of 23 species of Oenothera and of B. officinalis, 
breeded in the Netherlands in 1986. 

n1 Fatty acids in oil (% w/w) Oil C18:3 

C18-.3 
in GLeA 

C16:0 C18-.0 C18-.1 C18:2 C18-.3 seed in seed 
LA2 GLeA3 

(% w/w) (% w/w) 

Oenothera spp. 

O. biennis 14 7.0 1.5 7.7 72.0 10.5 20.1 2.1 
O. hookeri 4 7.0 1.4 7.6 72.6 10.3 23.3 2.4 
O. lipsiensis 1 7.1 1.4 5.6 74.4 10.6 24.0 2.6 
O. caespitosa4 3 8.4 1.3 5.2 72.3 11.6 18.2 2.1 
O. parviflora 1 6.9 1.4 5.8 73.7 10.8 26.0 2.8 
O. argillicola 1 7.0 1.7 10.9 68.9 10.3 20.5 2.1 
0. coronifera 1 7.1 1.3 6.6 74.1 9.6 26.5 2.6 
O. muricata 2 8.2 1.6 8.0 69.2 11.7 19.4 2.3 
O. wolfii 1 7.1 1.2 6.4 74.0 10.1 25.4 2.6 
0. ammophila 3 7.0 1.7 6.7 71.0 12.4 21.3 2.6 
O. erythrosepala 2 7.0 1.6 9.3 70.4 10.1 16.4 1.6 
O. lamarckiana 13 7.1 1.4 8.2 71.6 10.2 22.1 2.3 
O. densiflora 1 8.0 1.7 8.9 69.9 10.3 21.2 2.2 
O. gigas 1 7.9 1.5 7.5 71.2 10.5 20.6 2.2 
O. grandiflora 2 7.4 1.7 6.8 72.1 10.7 19.9 2.1 
0. francisciana x 

hookeri 1 6.5 1.6 6.6 73.8 10.2 24.4 2.5 
O. fallax x 

cambrice 1 6.9 1.6 6.4 73.1 10.7 21.0 2.2 
0. odorata4 1 7.4 1.6 6.1 72.6 10.9 20.5 2.2 
O. perennis4 1 7.2 1.5 10.4 69.6 9.8 21.7 2.1 
O. rubricaulis 4 7.3 1.6 7.8 71.9 10.2 21.9 2.2 
O. spectabilis 1 7.7 1.6 6.8 72.5 10.3 20.4 2.1 
O. x fallax 1 7.9 1.6 6.6 71.9 10.3 17.0 1.8 
O. francisciana 2 6.9 1.5 6.0 73.7 10.7 22.7 2.4 

Mean value of 
the 23 species 7.29 1.53 7.30 72.03 10.55 21.50 2.26 

SD 0.473 0.136 1.462 1.616 0.624 2.623 0.270 

Borago officinalis 11 

Mean value 11.01 3.86 16.57 37.34 22.93 30.82 7.09 

SD 0.748 0.464 1.714 0.922 1.800 2.837 1.041 

1 n = number of accessions. 
2 LA = linoleic acid. 
3 GLeA = y-linolenic acid. 
4 Other than subgen Oenothera. 
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1 C14: 0 6 C18: 2 11 C20: 1 
2 C16: 0 7 C18: 3 gamma 12 C20: 2 
3 C16: 1 8 C18: 3 alpha 13 C22: 0 
4 C18: 0 9 C18: 4  1 4  C22: 1 
5 C18: 1 10 C20: 0 15 C 2 4 :  1 
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Fig. 1. Gas chromatogram of fatty acid methyl esters of the oil of Borago officinalis. Conditions: Varian 
3700 with capillary column Cp Wax 57 cb (25 m x 0.22 mm i.d.); split injection; 215 °C isothermal. 

0.23 %; eicosenoic acid (C20:1)0.15 %; and some other fatty acids 0.64 %. GLeA 
and the oil in the seed were correlated (r = 0.83) according to the linear regression 
equation G = 0.0878 F + 0.366, where G is the GLeA content in the seed and Fis 
the oil content. Fig. 2 illustrates this relationship. 

Half of the Oenothera species grew on sand and the other part on clay. Only very 
slight differences were found in the fatty acid composition and oil content. Accord­
ing to the Student's Mest, no significant difference (P > 0.05) in GLeA content was 
found between the two sites, nor for the five replicated accessions of Oenothera. 

Borago officinalis 

B. officinalis oil contained appreciably more GLeA (average 22.9 %), as com­
pared to Oenothera species, while much lower levels of linoleic (C18:2) acid were 
found (mean value 37.3 %). Minor fatty acids did not differ much from that in Oe­
nothera species: C16:l (0.16 %); a-linolenic acid (0.29 %); and C20:0 (0.22 %). 
More distinction was found for: C18:4 (n-6, all cis) (0.18 %); C20:l (3.47 %); 
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Fig. 2. Scattern diagram, with regression lines, of the relation between oil and gamma linolenic acid 
(GLeA) content of Borago officinalis and different species of Oenothera. Regression equations: 
GLeA% = 0.323 x oil% - 2.876 and GLeA% = 0.0878 X oil% + 0.366, respectively. 

C22:l (1.83 %); and C24:l (0.95 %). These minor fatty acids also occur in other 
Boraginaceae species (Wolf et al., 1983; Kleiman et al., 1964). As with the Oeno­
thera species a correlation (r = 0.88) exists between the GLeA content in the seed 
and the oil content for B. officinalis as illustrated in Fig. 2; the linear regression 
equation being: G = 0.323 F-2.876, where G is the GLeA content in the seed and 
Fis the oil content. 

Conclusions 

B. officinalis contains a higher GLeA content than Oenothera species. Considering 
similar seed yields (800-1400 kg ha"1) for both crops, the higher contents of oil and 
GLeA of B. officinalis results in a three times higher GLeA production as com­
pared with Oenothera species. However, the poor seed retention of B. officinalis is 
a negative factor to this assumption and the final influence on the profit is difficult to 
predict. 
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