
ABSTRACT: The fatty acid composition of Ginkgo biloba seed
lipids was reinvestigated with particular emphasis on the poly-
methylene-interrupted octadecadienoic and eicosadienoic acids.
Analysis of the picolinyl esters and 4,4-dimethyloxazoline deriva-
tives by capillary gas–liquid chromatography on a highly polar
cyanopropyl polysiloxane stationary phase coupled with mass
spectrometry revealed the presence of three such acids, with the
structures 5,9-18:2, 5,11-18:2, and 5,11-20:2. This indicated that
in G. biloba seeds, cis-vaccenic (11-18:1) acid may be a substrate
for the ∆5-desaturase characteristic of gymnosperms. The 5,11-
18:2 acid was not limited to G. biloba, as it may occur in a few
other species. The 5,11-20:2 acid is a common component of the
seed lipids from almost all gymnosperm species analyzed so far.
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Gellerman and Schlenk (1,2) were apparently the first re-
searchers to study the fatty acid composition of Ginkgo biloba
seed and leaf lipids, about 35 yr ago. These authors established
that the seed lipids contained some acids that were considered
uncommon curiosities at that time, i.e., 5,11-18:2, 5,11,14-
18:3, 5,11-20:2, and 5,11,14-20:3 acids (plus 5,11,14,17-20:4
acid in the leaf lipids). However, the chemical methods used
to establish these structures were rather complicated and led
sometimes to ambiguous results. For example, these authors
hesitated on the structure 5,11-18:2, which was later reported
as 5,9- or 5,11-18:2 acid (3). Takagi and Itabashi (4) analyzed
the same material by capillary gas-liquid chromatography
(GLC) and could confirm some of the results of Schlenk and
Gellerman (1–3). However, they established that the uncom-
mon octadecatrienoic acid had the structure 5,9,12-18:3 in-
stead of 5,11,14-18:3, and they additionally found that two
polymethylene-interrupted octadecadienoic acids were simul-
taneously present, and for which they proposed the structures
5,9- and 5,11-18:2 acids on the basis of their equivalent chain
lengths. Kim et al. (5) identified the same ∆5-olefinic acids as
Takagi and Itabashi (4), except that they were unable to char-
acterize the 5,11-18:2 acid and they only tentatively identified

the 5,11-20:2 acid. More recently, Hierro et al. (6) reinvesti-
gated the fatty acid composition of G. biloba seed lipids by
mass spectrometry (MS) of their picolinyl esters, and they es-
sentially found the same ∆5-unsaturated polymethylene-inter-
rupted fatty acids (∆5-UPIFA) as the former authors, but they
failed to characterize the 5,11-18:2 acid and did not report the
presence of 5,11-20:2 acid.

In unpublished experiments, the ambiguity concerning the
existence of 5,9-18:2 and/or 5,11-18:2 acids could be ex-
plained by their behavior during capillary GLC. With a poly-
ethylene-glycol stationary phase (DB-Wax; J&W Scientific,
Folsom, CA), similar to that used by Hierro et al. (6) (CP-
Wax 52 CB, Chrompack, Middelburg, The Netherlands) and
Kim et al. (5) (Carbowax 20M; Hewlett-Packard, Avondale,
PA) for their GLC–MS or GLC studies, the 5,9-18:2 acid was
well-resolved from other adjoining peaks (11-18:1 and 9,12-
18:2 acids), but it showed a shoulder on the descending edge
of the peak (results not shown). On the other hand, with a
cyanopropyl polysiloxane stationary phase (CP-Sil 88,
Chrompack), two peaks with base-line resolution were appar-
ent, one of which could be identified as 5,9-18:2 acid by its
equivalent chainlength (ECL), and the other was unknown
but could correspond to the 5,11-18:2 acid. In the present
study, another cyanopropyl polysiloxane stationary phase
(BPX 70; SGE, Melbourne, Australia) was used to establish
the structures of the two octadecadienoic acids by GLC–MS
of their picolinyl ester and 4,4-dimethyloxazoline (DMOX)
derivatives. Our results show unambiguously that both the
5,9- and 5,11-18:2 acids coexist in G. biloba seed lipids,
demonstrating that 11-18:1 acid may be a substrate of the ∆5-
desaturase in some gymnosperms. We also confirm the pres-
ence of 5,11-20:2 acid, a component present in the seed lipids
of all gymnosperm species analyzed so far.

EXPERIMENTAL PROCEDURES

Seeds.  Ginkgo biloba seeds, collected in Italy, were purchased
from the Versepuy Society (Le Puy-en-Velay, France). The ex-
traction of lipids from dehulled seeds (66 g) and the prepara-
tion of fatty acid methyl esters (FAME) were performed as de-
scribed in detail elsewhere for other gymnosperm seeds (7).

Analytical GLC. FAME were analyzed in a Carlo Erba
4130 chromatograph (Carlo Erba, Milano, Italy) equipped
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with a DB Wax column (30 m × 0.32 mm i.d., 0.5 µm film; J
&W Scientific). The oven temperature was 190°C, and the
inlet pressure of the carrier gas (helium) was 140 kPa (flow
rate, 3 mL/min). Alternately, a CPSil 88 column (50 m × 0.25
mm i.d., 0.2 µm film; Chrompack) was operated at 160°C
with helium at 100 kPa (flow rate, 0.8 mL/min). The injector
(split mode) and the flame-ionization detector were main-
tained at 250˚C. Quantitative data were calculated by an SP
4290 integrator (Spectra Physics, San Jose, CA). Identifica-
tion of fatty acids was made via their ECL as described pre-
viously (8).

GLC–MS. Methyl esters were hydrolyzed to the free fatty
acids (9) before conversion to the picolinyl ester derivatives
as described by Balazy and Nies (10). Alternately, DMOX de-
rivatives were prepared directly from FAME by the method
of Fay and Richli (11). The derivatives were submitted to
GLC–MS, with a Hewlett-Packard 5890 Series II Plus gas
chromatograph attached to an HP model 5989 MS apparatus.
The latter was used in the electron impact mode at 70 eV with
a source temperature of 250°C. The chromatograph was fitted
with on-column injection, and equipped with a capillary col-
umn of fused silica coated with BPX-70 (50 m × 0.22 mm i.d.,
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FIG. 1.  Mass spectra of the picolinyl esters of 5,11-octadecadienoate (A) and 5,11-eicosadienoate (B) from Ginkgo
biloba seed lipids.



0.25 µm film; SGE). After holding the temperature at 80°C
for 3 min, the column was temperature-programmed at
20°C/min to 160°C, then at 2°C/min to 260°C, where it was
held for 5 min. Helium at 1 mL/min was the carrier gas.

RESULTS AND DISCUSSION

The picolinyl esters and DMOX derivatives of fatty acids pre-
pared from G. biloba seeds were examined by GLC–MS,
using a polar BPX-70 column for the separation. The spectra
of the picolinyl esters are illustrated in Figure 1. The mass
spectrum of picolinyl 5,11-octadecadienoate had a molecular
ion at m/z = 371, while that for 5,11-eicosadienoate had the
molecular ion at 28 amu higher at m/z = 399. In both spectra,
gaps of 26 amu from m/z = 178 to 204 and from 260 to 286
confirmed the presence of double bonds in positions 5 and 11,
respectively. With the latter, a gap of 40 amu for cleavage be-
tween carbon atoms 10 and 12, i.e., from m/z = 246 to 286, is
easier to locate for identification purposes. The prominent
ions at m/z = 300 and 314 also are a guide to the presence of
the ethylenic bond in position 11 (12). An abundant ion at m/z
= 232 is characteristic for a double bond in position 5 (13).
On either side of the double bonds, there are regular series of
ions 14 amu apart, confirming that no further double bonds
are present. The spectra are best compared with the published
spectrum of picolinyl 5,12-octadecadienoate, which is very
similar except that the gap of 26 amu for the double bond in
position 12 is shifted 14 amu to between m/z = 274 and 300
(14). The spectra of the DMOX derivatives supported these
assignments (results not shown).

Our results show unambiguously that the 5,9- and 5,11-18:2
acids coexist in G. biloba seed lipids and confirm the tentative
identification of the latter by Takagi and Itabashi (4), based on
calculated ECL. Moreover, the structure 5,11-20:2, initially es-
tablished by chemical means (1,2), and later by GLC and com-
parison with a reference specimen obtained from sea urchins
(4), is now definitively established in G. biloba.

In the present study, the 5,9- and 5,11-18:2 acids accounted
for 2.0 and 1.2%, respectively, of total fatty acids, which is in
fairly good agreement with the level of the fatty acid reported
as 5,9-18:2 acid (certainly, in retrospect, a mixture of 5,9- and
5,11-18:2 acids) by Kim et al. (5) and Hierro et al. (6) (2.8 and
2.7%, respectively). Takagi and Itabashi (4) found 1% of 5,9-
18:2 acid and 1.8% of 5,11-18:2 acid in neutral lipids. The cor-
responding values in polar lipids were 1 and 0.9%, respectively.

According to Takagi and Itabashi (4), the 5,11-18:2 isomer
was not limited to G. biloba seeds, as it also occurs in Cycas
revoluta and Podocarpus macrophylla seeds, and in trace
amounts in Ephedra sinica stalks. The 5,11-20:2 acid occurs
in the seed lipids of all gymnosperm species analyzed so far
(4,7,15–19), at levels always less than 1%. Probably because
this acid is always low, and sometimes present in trace
amounts only, some authors did not mention it for a few
species (mainly Pinaceae) (20–22), though other authors
mentioned its presence in the same species (4,7,15–19). In
one study, the 5,11-20:2 acid was tentatively identified as a

13-20:1 acid, with a question mark (21). In fact, this mono-
ene, which is the elongation product of cis-vaccenic acid, was
detected only in G. biloba (4–6) and E. campylopoda (23)
seed lipids among about 170 species of gymnosperm ana-
lyzed. A confusion between 13-20:1 and 5,11-20:2 acids is
explained by the fact that the two acids elute very close to
each other, with a poor resolution when analyzed by GLC on
polyethylene glycol stationary phases (5). On the other hand,
they cannot be confused when using a cyanopropyl polysilox-
ane stationary phase, where they emerge with elution times
differing by several minutes (results not shown).

A metabolic pathway for the synthesis of common and ∆5-
unsaturated fatty acids was proposed initially by Itabashi and
Takagi (24), who analyzed the fatty acid composition of
Taxus cuspidata (Japanese yew) seed, aril, and leaf lipids.
Later, Wolff et al. (7) proposed a similar scheme based on the
analysis of the seed fatty acids from 28 species belonging to
the families Pinaceae, Taxaceae, Sciadopityaceae, Taxodi-
aceae, and Cupressaceae. Both groups of researchers postu-
lated the existence of a ∆5-desaturase that would use 9-18:1,
9,12-18:2, 9,12,15-18:3, and their elongation products, 11-
20:1, 11,14-20:2, and 11,14,17-20:3 acids as substrates.

In the light of the present study, which essentially confirms
the tentative identifications by Takagi and Itabashi (4), we can
add some precisions to the formerly proposed biosynthesis of
∆5-UPIFA in gymnosperm seeds. The level of 9-16:1 acid in
G. biloba seed lipids is exceptionally high among gym-
nosperms, reaching ca. 3.1–3.4% of total fatty acids (4–6).
Apparently, this monoenoic acid is a good substrate of the
elongase that leads to the formation of cis-vaccenic (11-18:1)
acid, in the range 17–22%, which is higher than the level of
oleic acid (4-6). This is also exceptional among gymnosperms.
Both octadecenoic acids are elongated to 11-20:1 and 13-20:1
acids, but to a low extent only; each eicosenoic acid represents
less than 0.7% of the total fatty acids. Of these, only the 11-
20:1 isomer is apparently substrate of the ∆5-desaturase.

A 5,11-18:2 acid was reported in E. campylopoda seed oil
at a level of 2.0% of total fatty acids (23). Because the content
of 11-18:1 acid is fairly high in this species (6.2%), the pres-
ence of 5,11-18:2 acid appears theoretically possible, but it is
also probable that this acid may be a mixture of 5,9- and 5,11-
18:2 acids, as shown in the present study for G. biloba seeds.
This deserves reinvestigation. In two major studies, Takagi
and Itabashi (4) and Wolff et al. (7) observed that gymnosperm
seed lipids always contained several members of the ∆5-
UPIFA series, a situation that also occurred in conifer leaf
lipids (25). However, Vickery et al. (26), who analyzed some
Australian and Tasmanian species of the families Cupres-
saceae, Podocarpaceae, Taxodiaceae, and Zamiaceae, only
mentioned the 5,11,14,17-20:4 acid as a ∆5-UPIFA in seed and
leaf lipids. Here too, reinvestigations are needed.
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