
ABSTRACT: The fatty acid compositions of the seeds from four
Cephalotaxus species or varieties (plum yews; Cephalotaxaceae)
and two Podocarpus species (podocarps; Podocarpaceae) have
been established. These compositions were compared with those
previously published for some Taxaceae species (Taxus and Tor-
reya). Cephalotaxaceae, Podocarpaceae, and Taxaceae belong
to the Taxares suborder. ∆5-Olefinic acids are present in the seed
lipids from all species analyzed. In Cephalotaxus, Podocarpus,
and Torreya, the prominent ∆5-olefinic acid that occurs is the
trienoic acid 5,11,14-20:3 (sciadonic) acid, comprising from 6.7
to 26.4% of total fatty acids. In these species, the ∆5,11 structure
is largely favored over the ∆5,9 structure: the 5,9-18:2 (taxoleic)
and 5,9,12-18:3 (pinolenic) acids are at the limit of detection, in
contrast to Taxus and most Pinaceae species, where these two
∆5-olefinic acids generally predominate. 14-Methylhexade-
canoic acid, an habitual though minor component of Pinaceae
and Ginkgo biloba seed lipids, could not be detected in
Cephalotaxus species studied here and was tentatively identified
in trace amounts only in one Podocarpus species. In addition to
sciadonic acid, Cephalotaxus and Podocarpus seeds are charac-
terized by unusually high amounts of 11,14-20:2 acid, in the
range of 3.1–12.0%. This contrasts with most of the 170 species
of conifers analyzed so far (from the families Pinaceae, Cupres-
saceae, Taxodiaceae, Taxaceae, and Sciadopityaceae, which be-
long to the Pinares suborder), where this acid is generally ≤2%.
A close resemblance between Torreya grandis and three of the
Cephalotaxus species analyzed might be indicative of some
phyletic relationship between the families Cephalotaxaceae and
Taxaceae. 13C nuclear magnetic resonance spectroscopy of the
seed oils from C. drupaceae and P. andinus has shown that ∆5-
olefinic acids are apparently excluded from the internal position
of triacylglycerols, which is a characteristic common to all
Coniferales species analyzed so far, and consequently of great
antiquity.
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The conifers comprise about 560–600 extant species (1,2)
[but ca. 20,000 species in the Jurassic (2)], and it is estimated
that one tree out of two is a conifer in the Northern Hemi-
sphere (2). This emphasizes the present and past importance
of conifers in the vegetable kingdom, particularly among
higher plants. These trees are of great antiquity: it is assumed
that they are derived from Progymnospermae that disap-
peared ca. 350 million yr ago.

The order Coniferales is sometimes divided into two sub-
orders, Taxineae and Pinineae, or Taxares and Pinares, re-
spectively (1). The latter have an obvious cone (Phanerostro-
bilares), whereas the former have not such an obvious struc-
ture (Aphanerostrobilares). Most studies of the seed oil fatty
acid compositions have been devoted to species belonging to
the Pinares (Pinaceae, Taxodiaceae, Cupressaceae, and Sci-
adopityaceae), and it is now well established that all species
of this suborder are characterized by the systematic presence
of several ∆5-unsaturated polymethylene-interrupted fatty
acids (∆5-UPIFA, or ∆5-olefinic acids) in their seed lipids.
Seven possible structures have been established: 5,9-18:2
(taxoleic) acid, 5,11-18:2 acid, 5,9,12-18:2 (pinolenic) acid,
5,9,12,15-18:4 (coniferonic) acid, 5,11-20:2 acid, 5,11,14-
20:3 (sciadonic) acid, and 5,11,14,17-20:4 (juniperonic) acid.
These acids seldom occur all together in a given species, and
their profile, together with that of more common fatty acids,
has been used as a valuable chemotaxonomic tool for the dif-
ferentiation of several conifer families, genera, and even sec-
tions (3–6).

The Taxares include the families Phyllocladaceae, Taxa-
ceae, Podocarpaceae, and Cephalotaxaceae, but only a few
species from this suborder have been studied with regard to
their seed oil fatty acid composition [some Taxus and Torreya
species (Taxaceae) (7–9), and two Podocarpus species (8)].
Here too, the systematic presence of ∆5-UPIFA in the seed
lipids seems to be the rule. No data have been reported for
Cephalotaxaceae seed lipids. This family is particularly inter-
esting, because “obscurity is probably the only aspect of the
generic and family affinities of these undoubtedly ancient
plants about which we can be totally sure” (10). For some au-
thors, the Cephalotaxaceae family comprises two genera,
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Amentotaxus and Cephalotaxus (plum yews) (10). For others
(2), it contains only one genus, Cephalotaxus, with Amento-
taxus being grouped together with the remainder of taxads
into the single family Taxaceae. This uncertain position of
Cephalotaxaceae has led some authors to regard the distinc-
tion between Taxares and Pinares doubtful (10).

In the present study, we have established the fatty acid
composition of the seeds from four species or varieties of
Cephalotaxus. These trees are entirely Old World in origin,
ranging from the eastern Himalayas and from Korea and
Japan south through China to Taiwan, Thailand, and
Malaysia. However, they are also cultivated as ornamental
trees. Apparently, there is no consensus regarding the number
of species in this genus. Whereas some authors consider that
there are only two species with a few varieties (2), others
admit the existence of about six species (10). We examine
here C. fortunei (China), C. drupaceae (China, Japan, and
Korea), and two of its varieties, C. harringtonia (C. dru-
paceae pedunculata, a horticultural variety) and C. drupaceae
sinensis (a spontaneous wild Chinese variety).

The Podocarpaceae family contains 17 genera, of which
Podocarpus (podocarps), a genus of nearly 100 species, is
spread throughout the Southern Hemisphere, and northward
to the West Indies, Mexico, southern China, and southern
Japan. With regard to the kariology, Podocarpus species are
particularly heterogeneous, with chromosome base numbers
ranging from n = 10 to n = 19. Affinities with other families
of conifers are still unclear but seem to be ancient, and it has
been suggested that Podocarpaceae have been separated from
other conifer families not only for an appreciable period of ge-
ologic time but also by their geographic position. Possible in-
terfamily links suggested appear to be with the Taxaceae, per-
haps via the Phyllocladaceae (10). We examine here P. andi-
nus (southern and central Andes, Chile, and Argentina, but
that may be cultivated in temperate climates) and P. nagi (dis-
tribution unknown by the authors, but at least found in Japan).

EXPERIMENTAL PROCEDURES

Seeds. Cephalotaxus and Podocarpus seeds were purchased
from Sandeman Seeds (Pulborough, Great Britain) and
Lawyer Nursery, Inc. (Plains, MT), and kept in a refrigerator
until use. They were manually dehulled prior to oil extrac-
tion.

Oil extraction. The oil from the seeds was extracted
mainly according to Folch et al. (11). The seeds (ca. 20 g)
were ground in a household electric grinder. An aliquot (10
g) of the resulting homogenate was dispersed in 50 mL
methanol with an Ultra-Turrax T-25 (Janke & Kunkel GmbH
and Co. KG, Staufen, Germany), equipped with an S-25N
shaft. Chloroform (100 mL) was added, and the suspension
was dispersed a second time. The suspension was then filtered
on paper in a separatory funnel. The vessels and the residue
on the filter were rinsed with several portions (total: 25 mL)
of a chloroform/methanol (2:1, vol/vol) mixture. The clear

filtrate was thoroughly mixed with 35 mL of a 1% (wt/vol)
aqueous solution of KCl and allowed to stand for about 2 h.
The lower phase was drained, the solvents were removed in a
rotary evaporator at 50°C, and the oil was weighed.

Fatty acid methyl ester (FAME) preparation. FAME were
prepared according to Morrison and Smith (12). Two drops
of oil introduced in a Teflon-lined screw-capped tube were
dissolved in 1.5 mL of a methanolic solution of BF3 (12%,
wt/vol), and the mixture was homogenized with 1.5 mL of
benzene. The tubes were tightly capped and the reaction was
allowed to proceed for 1 h in a boiling water bath. FAME
were extracted twice with 2 mL hexane, and water (2 mL)
was added to the mixture. The pooled upper organic phases
were dried over anhydrous Na2SO4. The FAME preparations
were made in duplicate.

Gas-liquid chromatography (GLC). FAME were analyzed
by GLC in a Carlo Erba 4130 chromatograph (Carlo Erba,
Milano, Italy), equipped with a fused-silica DB Wax capil-
lary column (30 m × 0.32 mm i.d., 0.5 µm film; J&W Scien-
tific, Folsom, CA). The oven temperature was 190°C, and the
inlet pressure of helium was 140 kPa. The injector (split
mode) and the flame-ionization detector were maintained at
250°C. Quantitative data were calculated by an SP 4290 inte-
grator (Spectra Physics, San Jose, CA).

Peak identification. ∆5-Olefinic acids were identified by their
equivalent chain lengths (ECL) (13). The use of ECL for identi-
fication was supported by identification through GLC–mass
spectrometry of appropriate fatty acid derivatives (13).

13C nuclear magnetic resonance (NMR) spectroscopy. The
NMR spectra were obtained as previously described by Gun-
stone and Wolff (14). 13C NMR spectra were obtained on a
Bruker AM 300 spectrometer (Karlsruhe, Germany) at a fre-
quency of 75.47 MHz. Samples were prepared in 5-mm tubes
with approximately 100 mg of oil in 0.5 mL deuteriochloro-
form that contained tetramethylsilane as reference and
Cr(acac)3 as relaxation agent at a concentration of 0.025 M.
Spectra were acquired by the NOE-suppressed, inverse-gated,
proton-decoupled technique while employing a 90° excita-
tion pulse, a 5-s pulse delay, and a sweep width of 20 kHz (32
K data points). The 90° pulse width was 3.9 µs. The number
of scans was 1200 per spectrum.

RESULTS AND DISCUSSION

The seeds from Cephalotaxus species or varieties are rich in
oil, in the range of 45 to 65% on a weight basis (Table 1). The
most abundant fatty acid is 9-18:1 acid in C. drupaceae, C.
fortunei, and C. sinensis (41%), followed by 9,12-18:2 acid
(28%), but the latter acid predominates in C. harringtonia
(41%) (in this species, 9-18:1 acid accounts for 25%) (Table
1). Globally, the fatty acid compositions of the seeds from C.
drupaceae, C. fortunei, and C. sinensis are much alike,
whereas that of C. harringtonia is significantly different. The
differences in the contents of 9-18:1 and 9,12-18:2 acids are
reflected in the contents of products metabolically derived: 
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11-20:1, 11,14-20:2, 5,11-20:2, and 5,11,14-20:3 acids. Fatty
acids derived from 9,12-18:2 acid are higher in C. harring-
tonia and lower in the three other species or varieties, whereas
the contrary is observed for products derived from 9-18:1 acid.

Surprisingly, the average composition of the seeds from C.
drupaceae, C. fortunei, and C. sinensis closely resembles that
of Torreya grandis (9), a Taxaceae, even in the details (Fig. 1).
In particular, they are characterized by low levels of acids with
18 carbon atoms and a ∆5,9 dienoic structure (i.e., 5,9-18:2
and 5,9,12-18:3 acids) that are otherwise abundant in Taxus
species and most Pinaceae species. This resemblance may be
a coincidence. However, it may also be indicative of some
phylogenic link between Cephalotaxaceae and Taxaceae via T.
grandis (or one of its ancestors). Note that the chromosome
base numbers are different: n = 12 for Cephalotaxus and n =
11 for Torreya (but n = 12 for Taxus) (10).

A peculiar feature of the seed fatty acid composition of
Cephalotaxus species, as well as of T. grandis, is the unusual
abundance of 11,14-20:2 acid, the elongation product of
linoleic acid. It is higher than 3% of total fatty acids. From a
compilation of our database on conifer seed lipids (more than
170 species analyzed), it appears that the 11,14-20:2 acid
reaches at most 2% in all other conifers, and is most often less
than 1%, despite a level of 9,12-18:2 acid that may be higher
than in the species studied here.

It has been suggested that 14-methylhexadecanoic (14-
MHD) acid, which was recently formally identified in Ginkgo
biloba (15) and all Pinaceae seeds analyzed so far (16), but
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FIG. 1. Comparison of the mean fatty acid composition of the seeds
from Cephalotaxus drupaceae, C. fortunei, and C. sinensis (Cephalotax-
aceae) (black bars) with that of Torreya grandis (Taxaceae; Ref. 9) (white
bars). Fatty acids accounting for less than 0.3% are not presented.

TABLE 1
Oil Content and Fatty Acid Composition of the Seeds from Some Taxares Species of the Cephalotaxus and Podocarpus Genera

ECLa C. drupaceae C. fortunei C. harringtonia C. sinensis P. andinus P. nagi

Oil contentb 65.5 63.5 46.2 54.7 67.3 30.8
Fatty acidc

16:0 16.00 5.65 5.99 8.48 6.10 5.09 5.26
16:1 16.26 0.06 0.07 0.06 0.07 Traced 0.06
br-17:0e 16.72 —f — — — — 0.05
17:0 17.01 0.05 0.05 0.07 0.05 0.07 0.08
17:1 17.28 0.03 0.03 0.03 0.03 Trace 0.04
18:0 18.00 2.59 2.53 1.98 2.61 3.91 1.16
18:1 ∆9 18.22 44.03 44.34 25.18 44.02 32.55 12.64
18:1 ∆11 18.32 0.54 0.54 0.62 0.53 0.20 0.57
18:2 ∆9,12 18.70 28.26 29.30 41.37 28.85 32.04 40.26
18:3 ∆9,12,15 19.37 0.35 0.36 0.51 0.38 0.18 0.22
20:0 20.00 0.06 0.06 0.05 0.08 0.29 0.10
20:1 ∆11 20.20 2.46 2.31 1.14 2.52 2.15 0.91
20:2 ∆11,14 20.69 3.55 3.08 4.65 3.21 5.99 12.02
22:0 22.00 0.14 0.13 0.21 0.06 — —
18:2 ∆5,9 18.44 0.04 0.02 Trace 0.01 — Trace
18:3 ∆5,9,12 18.91 0.03 0.03 0.10 0.04 0.03 0.03
20:2 ∆5,11 20.37 0.83 0.83 0.34 0.83 0.63 0.12
20:3 ∆5,11,14 20.83 9.93 10.17 13.75 9.68 16.65 26.39
20:4 ∆5,11,14,17 21.49 0.13 0.14 0.20 0.16 0.14 —

Others 1.27 0.02 1.26 0.73 0.08 0.09
∑∆5g 10.96 11.19 14.39 10.72 17.45 26.54
aEquivalent chain length on a 30-m DB-Wax capillary column (J&W Scientific, Folsom, CA), calculated according to (13), with 16:0, 18:0, and 20:0 acid
methyl esters as standards.
bWeight (%) of the dehulled seeds (typically 10 g).
cData are the means of analyses of two fatty acid methyl ester preparations.
dTrace amounts (peak visible on the chromatogram, but not taken into account by the integrator).
eBranched 17:0 (14-methylhexadecanoic) acid.
fNot detected or not reported.
gSum of ∆5-olefinic acids.



that seldom occurs in Angiosperm seeds, could be used as a
chemometric marker for the taxonomy of conifers. On rou-
tine chromatograms, we occasionally observed a bump at the
place where 14-MHD was expected to elute, but in too small
an amount to be taken into account by the integrator. To ver-
ify the presence of 14-MHD, the saturated acid fraction was
isolated by argentation thin-layer chromatography (Ag-TLC)
from FAME prepared from C. drupaceae seeds, concentrated
ca. 5 times, and reanalyzed by GLC. No peaks could be de-
tected between 16:0 and 17:0 acid methyl esters, under con-
ditions where a component representing less than 0.005%
should have been detected. The absence of 14-MHD acid
from Cephalotaxaceae seeds, as well as from Taxaceae seeds
(9), would indicate that the presence or absence of 14-MHD
acid in the seed lipids might be a supplementary criterion to
justify the separation of the two suborders Taxares (thus in-
cluding Cephalotaxaceae) and Pinares.

With regard to C. harringtonia, sometimes considered a
horticultural variety of C. drupaceae, its fatty acid composi-
tion is so different from that of the parent that one might per-
haps consider it a true species, and not only a variety. On the
other hand, C. drupaceae and C. fortunei, considered to be
good species, have kept in common the same fatty acid com-
position.

When considering Podocarpus species, it is obvious from
Table 1 that the two species analyzed here differ one from an-
other both by their seed oil content and their fatty acid com-
position. This is not surprising, owing to the heterogeneity of
this family. However, some characteristics are common not
only to the two species but also to the Cephalotaxus species.
The 5,9-18:2 and 5,9,12-18:3 acids are absent, and ∆5-UPIFA
with 20 carbon atoms and a ∆5,11-dienoic structure predomi-
nate, especially the 5,11,14-20:3 acid, which reaches 26.4%
in P. nagi seeds. Podocarpus species are also characterized
by exceptionally high levels of 11,14-20:2 acid, in the range
of 6 to 12%. The particular abundance of 11,14-20:2 and
5,11,14-20:3 acids in P. nagi seed oil was first recognized by
Ito et al. (17) and Takagi (18), who established their struc-
tures by chemical means. Later, Takagi and Itabashi (8) con-
firmed this characteristic by capillary GLC, and our results
are in good agreement with data from the latter authors.

14-MHD acid was absent from P. andinus, even after iso-
lation of the saturated fatty acids by Ag-TLC and re-analysis
of the concentrated fraction, but it represented ca. 0.05% in
P. nagi. Here too, the genus Podocarpus appears heteroge-
neous, and the two species analyzed might not be representa-
tive of the whole genus. It is too early to try to generalize our
data for podocarps; it is necessary to accumulate more data
from other species. According to Sahni (19), who compared
the structural morphology of the seeds, “the genera Taxus,
Torreya, and Cephalotaxus are structurally so distinct from
the podocarps and other conifers, that they deserve the rank
of a separate phylum, Taxales,” in the sense of a group equal
in rank with the Coniferales. From this study and previous
analyses of Torreya and Taxus seed lipids (9), some analogies

are apparent between the three genera, particularly the ab-
sence of 14-MHD acid. With regard to ∆5-UPIFA, Taxus is
completely different from Torreya [preponderance of the ∆5,9
dienoic structure in the former and of the ∆5,11 dienoic
arrangement in the latter (9)], which in turn is quite close (at
least in T. grandis) to several Cephalotaxus species.

13C NMR spectroscopy of the oils from P. andinus and C.
drupaceae, based on the study of signals for the acyl carbon
atoms (C-1), showed a signal at 173.0 ppm that relates to all
the ∆5-olefinic acids in the α chain, but there was no evidence
of the signal that would be expected for ∆5-olefinic acids in
the β position. However, signals corresponding to less than
3% may not be detected. Consequently, the ∆5-olefinic acids
are essentially esterified to the external positions of triacyl-
glycerols (TAG). The practical exclusion of ∆5-olefinic acids
from the internal position of TAG is thus a characteristic ap-
parently common to most Taxares [Taxaceae (8,9),
Cephalotaxaceae (this study), and Podocarpaceae (8, this
study)] and also to all other Pinares analyzed so far (8,14,
20–22). This clearly means that the peculiar stereospecific es-
terification of ∆5-olefinic acids to TAG in Coniferophyte
seeds is a feature of great antiquity (late Carboniferous, or
Permian, ca. 280–300 million yr).
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