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Abstract-Seed, kernel or fruit oils of the Comaceae (nine species), Hydrangea, H amamelis, Ilex (Aquifoliaceae)aad the 
Styracaceae (two species) were analysed for fatty acid composition. Special attention was paid to the occurrence of 
petroselinicacid (18: lA6c). In the specks investigated, C18 acids were always present in greater quantities than CL6 fatty 
acids; Czo and Czl acids were only minor components. The Co maceae show differing fatty acid patterns which correlate 
well with anatomical, morphological and other chemical data. In Cornus, Curtisia, Mastixia and Corokia linoleic acid 
predominates, whereas linoleic and linolenic acid form the major components in Dauidia and Nyssa. 18: lA6c, an 
aralioid type. occurs in large amounts in Aucuba and Griselinia. H amamelis, Hydrangea and Ilex show a common fatty 
acid pattern with linoleic acid as the dominant compone’nt in all cases. Classification currently based on morphological 
and anatomical differences between the two species of Styr acaceae which were investigated here should include their 
different fatty acid compositions: in Halesia linoleic acid predominates over oleicacid, whereas in Styrax equal amounts 
of these two acids are found. 

INTRODUCHON 

The Cornaceae, usually rewgnized as a rather hetero- 
geneous group, caused Gibbs Cl] to characterize the 
family as a typical example of “chaos in taxonomy”. Apart 
from the uncertain position of the whole group, the 
number of genera belonging to the Comaceae is also the 
subject of dispute. For exampk, Harms [2] combined 15 
genera in his broadly defined Comaceae, whereas in other 
systems many of the genera are elevated to family rank, or 
even included in other taxa. Traditionally, the Comaceae 
have been associa ted with the Aralkks based on morpho- 
logical and anatomical features C2-43. This is currently 
accepted by several taxonomists, e.g. Theme [S] and 
Takhtajan [6]. By contrast, Dahlgren [7l, Jensen et al. 
[83, Bate-Smith et al. [9], Hegnauer [lo] and Cronquist 
[ 1 l] deny any relationship to the AraMes, an opinion 
supported by several chemical data. The Araliaks contain 
polyacetylenes; they accumulate essential oils and resins in 
schizogenous cavities and synthesize okanene and ursene- 
type triterpene saponins [ 123. These features seem to be 
absent in the Co rnaceae though only few chemical data 
are available [12-141. Wndary metabolism in the 
Comaceae is mainly characterized by the occurrence of 
iridoids [8-lo]. 

In contrast to the Cornaceae, extended information 
about seed oil composition of the Arahaks is availabk. 
Petroselinic acid occurs as the major component [lS]. 
The accumulation of this unusual acid is restricted to the 
Araliaks and several genera of the Simarubaceae [ 16-191. 
Based on the inconsistent chemical data of the Arahaks 
and Cornaceae, the absence of petrof&nic acid in the 
latter family was expected [ZO]. Surprisingly, Kkiman 
and Spencer [21] reported the occurrence of petroselinic 
acid in fruit oils of Au&a japonica and species of Gawya, 

genera usually recognized as members of the Comaceae. 
On the other hand, this unusual acid has not been found in 
Cornus, Davidia, Nyssa, Camptotheca or Alangium. 

On the basis of this confusion it seemed that an 
investigation into the fatty acid compositions of the 
Comaceae might also help to enlighten the natural 
relationships within this group, as it has in the 
Pittosporaceae Cl83 and Proteaceae [22]. In order to 
discover corresponding fatty acid patterns, we also ana- 
lysed the seed oils of groups usually placed near the 
Cornaceae, e.g. species of the Stymcaceae [23,24] and 
Aquifoliaceae [7,23,24], H amamelis [24,25] and the 
iridoid containing Hydrangea [7,23,24,26]. 

RESULTS AND DISCUSSION 

The lipid content (dry wt basis) varied between 2-35 % 
depending on the species invest&M and the material 
used. The fatty acids form 20-80% of the total lipids 
(Table 1). Tables 2 and 3 summa&e the results of the fatty 
acid analyses. GC analyses revealed no fatty acids lower 
than Cl6 or greater than t&, which indicates the maturity 
of the material by virtue of the fact that during develop 
ment the fatty acids with lower carbon chain lengths 
disappear [unpublished results]. Neither tariric 
(18: lA6a) nor elaidic (18: lA9t) nor odd-numbered acids 
could be detected. 

From our analyses it appears that in all species 
investigated, the unsaturated C,s fatty acids constituted 
the greatest proportion of the total. 18:0, Czo and Cl2 
acids were of minor importance. 

The uniform fatty acid patterns in some genera of the 
Comaceae are as follows: (A) linokic acid (18 : 2) rich oils 
are found in Comers (all specks so far investigated 
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Table 1. Total lipids and fatty acids of the analysed species 

Species 
Component 

analysed 
Lipids 

(%I 
Fatty 

acids* (%) 

Comaceae 
Cornus mas I 

II 
Cornt4.s o~ci~l~ I 

Ii 
Curtisia dentata I 

I1 
Corokia macrocarpa I 

II 
Mastixia sp. I 
(Huber 500) 
Aucuba japanica I 

I1 
Griselinia littoralis I 
Nyssa syluatica I 

Ii 
Davidia involucrata I 
Hydrangeamae 
Hydrangea aspera I 
Styracaceae 
Styrax japornca I 
Halesia carolina I 

11 
Aquifohaceae 
Jlex verticillata I 
Hamamelidaceae 
Hamameh virginiana I 

Japan 

South Africa 

New Zealand 

Ceylon 

Japan 

New Zealand 
U.S.A. 

Gemsany 

Germany 

Japan 
U.S.A. 

U.S.A. 

Get-many 

Kernel 

Kernel 

Kernel 

Fruit 

seed fragments 

Fruit 

seed 
Kernel 

Kernel 

2.30 t 
2.75 0.45 

t 17.30 
7.46 6.12 
7.67 5.27 
1.81 0.90 

Seed 34.98 28.10 

Kernel 
Fruit 

Kernel 15.93 5.31 

Seed 9.92 7.47 

5.89 4.23 
4.99 3.32 
6.36 t 
7.60 3.56 
4.50 3.64 
4.63 3.53 

11.26 2.65 
12.25 2.46 
10.62 2.56 

t 17.69 
3.71 3.58 
4.72 2.65 

*Values were recorded as wt Y0 (dry wt basis of seeds, stones or fmits). 
tNot estimated. 
I Lipids were transesterified by aeidcatalysed methnnolysis. 
II Lipids were tmnsesterified by base-catalysed methanolysis. 

[Z&273), Curtisia dentata, Mastixia sp., Corokia macro- 
carpa (position uncertain); (B) 18:2 and linoleoic (18:3) 
acid rich oils are found in Davidia involucrata, Nyssa (all 
species so far investigated {21,27]), Cumptot&ca [21], 
AIangium [21]; (C) petrosehnic acid rich oils are found in 
Garrya (all species so far investigated [21]), Aucuba 
japonica, Griselinia litth-ah. 

The A-group probably represent an ancestral type of 
fatty acid pattern, whereas the shift to 18:3 as the 
dominating component in the B-group and the occur- 
rence of the unusual petroselinic acid in the C-group 
indicates different evolutionary trends within the 
Cornaceae. The classification of this family on the basis of 
fatty acid patterns in seed oils correlates well with other 
chemical features, e.g. the distribution of phenolic con- 
stituents [9,10,28]. The phenohc metabolism of Corms, 
Corokia and Curtisia shows a simple pattern (occurrence 
of trihydroxylated phenoiics and proanthocyanidins), 
whereas Mastixia and the Et-group are more advanced 
following the loss of. proanthocyanidins [9, 16,281. 
Chlorogenic acid occurs in the C-group as the main 
phenolic constituent [lo]. The lack of trihydroxylated 
phenolics and pr~nth~yanid~s in Aucuba and Garrya 
indicate an ‘advanc&’ status [9]. The (seco)iridoids, a 
common feature of the Co maceae, show great diversity 
[8,9]. Within the A-group this heterogeneity is typical in 

Cornus [29]. Interestingly, iridoid alkaloids have been 
developed in the R-group, probably independently. In the 
C-group only iridoids with simple structures occur. 

Similarities in the fatty acid characteristics of the 
species investigated reflect previously proposed reiation- 
ships, based on morphological and anatomical data. 
Similar pollen morphology keeps Cornus, Nustixia and 
Curtisia together [30]. Titman [31], Eyde [32] and 
Cronquist [ 111 emphasize close affinities between 
Davidia, Nyssa and Catnptotkeca. In contrast to the other 
Comaceae, knotted thickenings in the t&homes appear in 
David& Nyssaand Camptotheca. It is suggested that these 
genera should be combined in a family of their own 
(Nyssaceae). Serological results confirm the relationships 
between Davidia, Nyssa, Cornus and Garrya 133,341. 
There is a noteworthy shift from 18:2 to 18:3 rich seed 
oils as one moves from the primitive Davidia to Nyssa and 
&rally to Camptotheca [27]. This correlates well with the 
degree of evolution indicated by both floral and wood 
anatomy [31,32] and chemical constituents [9]. The 
presence of petroselinic acid unites the comaceo us genera 
Griselinia, Aacuba and Garrya Eyde E35.7, liegnauer [lo] 
and Rodriguez [36] postulated that these three genera 
have been derived from a common ancestral stock. 
Anatomy and morphology of the ovary [35] as well as 
chemical features (occurrence of ellagitannins [9]) in- 



Fatty acids of Cornaceae and related genera 

Table 2. Fatty acid composition of the Cornaceae recorded as wt % 

1443 

species 

Fatty acids according to 
carbon chain length* C, s-Fraction? 

(%) (%) 
C 16 C 111 C 10 C 22 18:0 18: 1A9 18: lA6 18:2 18:3 

Corms mas I 6.96 
II 1.02 

Cornus oficinalis I 6.28 
II 6.12 

Curtisia dentata I 10.27 
II 9.52 

Corokia macrocarpa I 18.79 
II 12.86 

Mastixia sp. I 24.55 
Aucvba japonica I : 

II 26.31 
Griselinia liuoralis I 15.94 

Nysso syluatica I 7.27 92.13 
II 6.96 93.04 

Dada inuolucrata I 8.82 89.83 

93.04 
92.98 
91.51 

92.12 
89.13 
90.48 
81.21 
87.14 
13.66 

71.02 
82.62 

tr tr 1.75 21.89 - 

tr tr 2.01 21.57 - 
2.21 - 2.90 21.00 - 

1.16 3.13 11.79 - 

tr - 3.29 19.80 
tr - 3.01 19.92 - 

- - 1.36 34.70 - 
- 3.00 28.26 - 

1.79 9.55 18.03 - 
7.02 25.12 33.78 

2.62 - 2.38 26.99 28.55 

tr 1.44 1.64 17.71 52.31 
19.275 50.8 1 

tr - 2.56 15.96 - 
tr - 2.41 14.57 - 

1.35 - 1.64 19.36 - 

74.41 
74.44 
76.10 

79.09 

76.90 
77.01 

48.45 
47.61 
68.17 
13.94 
17.98 

28.28 

33.80 47.68 
30.53 52.49 
49.48 29.53 

1.89 
1.98 
- 

tr 
tr 

15.50 
21.06 

4.25 
19.54 

24.09 

tr 

*Values are recorded as wt ‘% of total fatty acids. 
t Values are recorded as wt % of the C,s fraction. 
t Not estimated. 
§Repetitioo of the argentation chromatography. 
C18:O. stearic acid; C18: lA9. oleic acid; C18: lA6, petrmlinic acid; C18: 2, linoleic acid; C18:3, linolenic acid. 
-Not detected (for minimum detection limits see Experimental). 
tr-traces ( -c 1% of total fatty acids of C, s fraction, respectively). 
I, II see Table 1. 
All data are from a single analysis. 

Table 3. Fatty acid composition of the Hydrangeaceae, Stynrarccac, Aquifoliaceae and Hamamelidaceae recorded as wt ‘~ 

Fatty acids according to 
carbon chain length* C,s-Fractiont 

(%) (%) 
species C It. C 18 C 20 c22 18:0 18: IA9 18: lA6 18:2 18:3 

Hydrangcaceae 
Hydrangea aspera I 5.83 94.17 tr - tr 14.11 - 84.67 1.22 
StyracaaXe 
S?y*ox japonica II 9.16 90.84 tr - 2.06 48.6 - 45.18 3.56 
Halesh cnrolina I 6.31 93.69 tr - 1.13 26.66 - 71.08 1.13 

II 6.13 93.81 tr - tr 28.03 - 70.75 1.21 
Aquifolii 
Ilex uerticillata I 8.30 91.70 tr - 3.25 34.97 - 61.77 tr 
Hamamelidaceae 
Hamamelis virgin&ma I 8.03 91.97 tr - 2.82 28.92 - 63.48 4.18 

*, t, -, tr, I, II: see Table 2. 

dicate a primitive condition in Griseliniu compared to Aucuba, Griselinia and Mastixia compared to Cornus, 
Aucuba and Garrya. Curtisia, Nyssa and Dwidia (Table 2). 

We consider that the group members are closely related. 
Small quantitative differences in the fatty acids occur ia 
members falling into the same group, resembling dif- 
ferences at the generic level. For example, Corokia macro- 
carpa has a higher 18: 3 content, which cannot be caused by 
the interference of fruit coat oils with seed oils. It is 
noteworthy that the Cla:Cls ratio varied in the 
Comaceae. This ratio was significantly higher in Corokka, 

A capacity to synthesize petroselinic acid represents a 
common inherited feature of the Araliales, Simarubaceae 
and Corm&s. This renews interest in the discussion about 
a mono- or polyphylogenetic origin of the unitegmic 
sympetalae. Due to the appearance of a common acid 
pattern. a connexion between several Cornaceae species 
and tbe Hamamelidaceae, Hydrangeaceae and 
Aquifoliaaae seems possibk, but the chemosystematic 
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relevance is minor due to the appearance of a common 
acid pattern. The occurrence of the iridoids [8,9], the 
anatomy of wood and ovules [23], the difference in 
pheoolic metabolism [12] and the serology of seed 
proteins [26] of the Hydrangeaceae and Ekcalloniaceae 
distinguish them from the Saxifragaceae and suggests the 
inclusion of the former families in the Cornales. The fatty 
acid composition also suggests that a considerable dif- 
ference may exist between the two investigated genera of 
the Styracaceae, namely Halesia (unitegmic, cap4 fruit) 
and Styrux (bitegmic, stone fruit). 

Further chemical investigations are required to 
strengthen the relationships between the Cornaceae and 
their allies; for example the seed oils of the Symplocaceae 
and Escalloniaceae have not yet been adequately studied. 
More genera should be investigated to complete the 
classification of the Comaceae. Especially interesting 
results are expected for Helwingia or Melanaphylla and 
Aralidium, which fit well chemically with the C-group 
members. 

EXPERIMENTAL 

All plant material was stored at 9”. The time bctwecn reception 
and analysis did not excctd 1 year. Lipids were extracted and 
quantitatively determined according to ref. [18]. 
Transesterilication using acid-catalysed methanolysis [37] yiel- 
ded the Me esters. If sufficient material was available an 
additional analysis was carried out using the tetramethylam- 
monium hydroxide esterification method of ref. [38]. The 
synthesis of tariric acid has previously bacn described [18]. 

Cl,, esters were isolated by prep. GC (5% OV 17 on 
Chromosorb W/HP, 2 m x 4 mm i.d.) using a carrier-gas flow- 
split of 1: 9 (FID: trap with liquid N,). Under the sameconditions 
the fatty acid Me esters with a different carbon number (CI)-Cz4) 
were quantified with Me nonadecanoate as int. standard. 
Analysis of the C, (I fraction was carried out under the following 
conditions: 10% Silar 1OC on Chromosorb W/AW-DCMS (2 m 
x 2 mm i.d.), 30 ml/min N1. injection port temp. 255”. FID temp. 
260”. temp. programme: 5 min at 170”, then 12”/min to 220”. In 
addition the Me esters were analysed by capillary GC on a 
chromatograph fitted with a split-system (1: 30). The fused silica 
column (30 m x 0.26 mm i.d.) was coated with OV 351. The He 
flow was 1.2 ml/min. Injection port temp. was maintained at 240” 
and FID temp. at 250”. The temp. programme was 5 min at 150 
then I”/min to 175”. 

In the GC analyses, eater concns lower than 0.5% of the 
greatest peak were not evaluated. The positional and geometrical 
Cla isomers were separated by aluminaargentation TLC. A good 
separation of the TLC bands was achieved with a an ester mixture 
containing Me okate with Me petroselinate, up to a ratio of 1: 80 
or with Me tariricate and tie okate 1:60 (but not greater). The 
individual isomers were scraped from the plates. After adding Me 
nonadecanoate as int. standard for the subsequent GC quantifi- 
cation (see above), the esters were extracted from TLC adsorbent 
using the method of ref. [39]. 
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