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ABSTRACT 

The seed tipids of three species of Entandrapbragma (Meliaceae) 
contain the largest proportion (31-50%) of ds-vaccenic acid ever 
found in nature. The acid is not indicative of  the family as a whole 
and is found as a major fatty acid in the seed of only one additional 
species, besides Entandrapbragma, out of the 30 analyzed from this 
family. With the total oil comprising between 45 and 62% of En- 
tandrapbragma seed, these species should be considered as a source 
of  undecadioic acid for the production of nylon 11. 

INTRODUCTION 

Cis-vaccenic (cis-11-octadecenoic) acid is most likely as 
ubiquitous in seed oil lipids as oleic acid, but  in almost all 
cases is not  as abundant. This acid often is not reported as a 
constituent of such lipids because it is not readily separable 
from the generally more abundant  oleic acid. With capillary 
column technology becoming more available in gas chroma- 
tographic systems, cis-vaccenic (11-18:1) is becoming easier 
to identify and quantitate. When found, 11-18:1 is gener- 
ally 0.1-3% of the total acyl groups. Some reports, however, 
show 15% of the seed oil acyl groups to be 11-18:1 (1,2). 
We found that seed oils from three species of the genus 
Entandrapbragma (Meliaceae family) contain up to 50% of 
their acids as 11-18:1, the greatest concentration of this 
acid ever found in nature. These species also are relatively 
abundant  in 16:1 and 16:2 as well as in total oil content  
(45-62%). Although the composition of several species of 
the Meliaceae have been reported previously (3), none 
have been analyzed for 11-18:1. To learn if 11-18:1 was 
chemotaxonomically indicative of the family, we analyzed 
30 species of the Meliaceae by capillary column GC. Only a 
few species were richer than usual in this fatty acid. 

Although this plant family is known for its quality 
timber, especially mahoganies (4), its seed oils have not 
been utilized except for a few species used  locally for 
medicinal purposes or for soap (5). These oils generally are 
no t  useful for food, but  the 11-18:1 from "Entandra- 
pbragma seed oils could be important industrially. Undec- 
adionic acid produced from the cleavage of 11-18:1 at the 
double bond could be used for the production of nylon 11. 
Besides the undecadioic acid, this reaction also would pro- 
duce heptanoic acid, which is potentially useful in lubri- 
cants. 

E X P E R I M E N T A L  

Seeds were collected in the wild or obtained from commer- 
cial seed houses. Protein was determined by standard 
Kjeldahl procedures or by autoanalyzer following sulfuric 
acid digestion (6). Oil content  was determined by Butt 
extraction of ground seed with petroleum ether as in AOCS 
Method Ad 6-52. Methyl esters were prepared from acyl 
constituents using BFa-methanot (7) and subsequently were 
analyzed by packed column gas chromatography (GC) as 
previously described (8). Capillary column GC was accom- 
plished using a Packard Model 428 gas chromatograph 
equipped with a 25 M x 0.2 mm glass column coated with 
SP-1000 and held at 190 C. Separations were similar to 
those made by Slover and Lanza (9). 

*To whom correspondence should be addressed. 
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Thin-layer plates coated with a 2-mm layer of Silica Gel 
G impregnated with 20% AgNO3 were used to separate 
esters of E. angotense seed oil according to the number of 
double bonds. Benzene was used as the developing solvent. 
The resulting fractions were then separated into individual 
fatty ester species by HPLC using a Partisil M-9 10/50 
ODS-2 column (Whatman) with methanol as the eluting 
solvent (5 ml/min) and a refractometer as detector. 

Double bonds of unsaturated methyl esters were con- 
verted to monomethoxy derivatives (10) and subsequently 
analyzed by mass spectrometry to locate the position of the 
olefinic bond. Infrared spectra were obtained with a Perkin- 
Elmer 137 spectrophotometer using liquid films on sodium 
chloride discs. 

RESULTS AND DISCUSSION 

Thin-layer separation of the esters from E. angolense seed 

TABLE I 

Ions Defining Double  Bond Locations from Methoxylated 
Isolated Esters of  Entrandropbragma angolense 

Fragment a Relative 
Ester type m/z abundance Location 

16:1 b 129 100 
n-7 

b 143 77 
a 201 77 

A9 
a 215 77 
b 101 8 

n-5 
b 115 7 
a 229 3 

A 11 
a 243 2 

16:2 a 87 27 
n-4 

a 101 19 
b 201 14 

A9 
b 215 10 

18:1 b 129 100 
m7 

b 143 89 
a 229 82 

11 
a 243 68 
b 157 4 

n-9 
b 171 4 
a 201 7 

A9 
a 215 6 

18:2 b 115 45 
n-6 

b 129 25 
a 201 54 

A9 
a 215 18 

O OCH 3 OCH~ 

aa = CH3--OC--(CH2)x--CH ~. b = CH--(CH2)y-CH 3 



T
A

B
L

E
 I

I 

S
ee

d
 

C
o

m
p

o
si

ti
o

n
 

o
f 

th
e 

M
el

ia
ce

a
e 

Id
en

ti
fi

ca
ti

o
n

 
%

 O
il,

 
%

 P
ro

te
in

, 
S

pe
ci

es
 

no
. 

S
o

u
rc

e 
D

.B
. 

D
.B

. 

F
at

ty
 a

ci
ds

, 
ar

ea
 %

 b
y

 G
C

 

14
:0

 
1

6
:0

 
16

:1
 a

 
1

8
:0

 
18

:1
9 

18
:1

11
 

18
:2

 
18

:3
 

2
0

:0
 

20
:1

 
2

2
:0

 
22

:1
 

O
th

er
s 

A
gl

ai
a 

co
rd

at
a 

H
ie

rn
. 

6
2

5
5

0
 

T
h

ai
la

n
d

 
0.

6 
8.

4 
A

gl
ai

a 
od

or
at

is
sm

a 
B

lu
m

e 
6

2
6

1
0

 
T

h
ai

la
n

d
 

3.
2 

21
.8

 
A

za
di

ra
cb

ta
 i

nd
ic

a 
A

. 
Ju

ss
. 

6
2

1
5

4
 

In
d

ia
 

4
2

.9
 

C
ar

ap
a 

pr
oc

er
a 

D
C

. 
6

1
5

0
5

 
G

h
an

a 
6

8
.9

 
8.

1 
C

ed
re

la
 o

do
ra

ta
 

1
6

5
7

2
 

F
lo

ri
d

a 
21

,4
 

25
.4

 
C

ed
re

la
 t

oo
na

 R
o

x
b

. 
cx

. 
R

ot
tl

. 
&

 W
ill

d.
 

6
1

7
4

0
 

In
d

ia
 

1.
0 

C
bi

ck
ra

ss
ia

 ta
bu

al
ri

s 
A

. 
Ju

ss
. 

4
6

6
0

3
 

In
d

ia
 

4
5

.9
 

27
.1

 
D

ys
ox

yl
um

 m
al

ba
ri

cu
m

 B
ed

d.
 

ex
. 

C
.D

C
. 

6
2

0
6

0
 

In
d

ia
 

7,
4 

26
.2

 
D

ys
ox

yl
um

 r
et

ic
ul

at
um

 
K

in
g 

6
2

0
9

6
 

In
d

ia
 

5.
2 

12
.8

 
D

ys
ox

yl
um

 s
pe

ct
ab

il
e 

(F
o

rs
t.

 F
.)

 H
o

o
k

. 
F

. 
6

1
9

2
2

 
N

ew
 Z

ea
la

nd
 

34
.1

 
13

.7
 

E
nt

an
dr

op
br

ag
m

a 
an

go
le

ns
e 

(W
el

w
.)

 C
. 

D
C

. 
6

1
5

2
8

 
G

h
an

a 
6

2
.4

 
E

nt
an

dr
op

br
ag

m
a 

cl
in

dr
ic

um
 

(S
p

ra
g

u
e)

 S
p

ra
g

u
e 

6
1

4
1

2
 

G
h

an
a 

45
.2

 
2

6
.4

 
E

nt
an

dr
op

br
ag

m
a 

ut
il

e 
(D

aw
e 

an
d 

S
p

ra
g

u
e)

 S
p

ra
g

u
e 

6
1

5
1

2
 

G
h

an
a 

53
,7

 
20

.4
 

K
ba

ya
 a

nt
bo

tb
ec

a 
(W

el
w

.)
 

C
. 

D
C

. 
6

1
4

9
7

 
G

h
an

a 
37

.9
 

9.
3 

K
ba

ya
gr

an
di

fo
li

a 
C

. 
D

C
. 

6
1

7
6

9
 

G
h

an
a 

4
3

.0
 

L
an

si
um

 d
om

es
ti

cu
m

 
C

or
r.

 
6

2
5

8
1

 
T

h
ai

la
n

d
 

2.
5 

11
.7

 
M

el
ia

 a
ze

da
ra

cb
 L

. 
6

0
5

9
8

 
P

ak
is

ta
n 

42
.3

 
M

el
ia

 b
ur

m
an

ic
a 

K
er

z.
 

6
3

7
3

1
 

In
d

ia
 

45
.5

 
M

el
ia

 d
ub

ia
 C

ar
. 

4
9

4
4

2
 

In
d

ia
 

41
.3

 
29

.7
 

P
se

ud
ob

er
sa

m
a 

m
os

sa
m

bi
ce

ns
is

 
(S

im
) 

V
er

dc
. 

6
2

5
3

5
 

K
en

y
a 

22
.0

 f 
Sa

nd
or

ic
um

 k
oe

tj
ap

e 
(B

ur
ro

. 
F

.)
 M

er
r.

 
6

2
5

6
0

 
T

h
ai

la
n

d
 

1.
7 

8.
1 

Sw
ie

te
ni

a 
m

ac
ro

pb
yl

la
 

K
in

g.
 

4
6

6
4

1
 

In
d

ia
 

6
5

.7
 

12
.9

 
Sw

ie
te

ni
a 

m
ab

og
an

i 
(L

.)
 

J 
ac

q.
 

4
6

6
4

2
 

In
d

ia
 

64
.9

 
13

.5
 

T
oo

na
 s

in
en

si
s 

A
. 

Ju
ss

. 
4

6
6

2
7

 
In

d
ia

 
35

.8
 

37
.9

 
T

ri
cb

iti
a 

co
nn

ar
oi

de
s 

(W
ig

ht
 &

 A
m

.)
 

B
en

tv
el

ze
n 

6
2

8
5

4
 

In
d

ia
 

48
.9

 
12

.2
 

Tr
ic

bi
lia

 b
en

de
lo

tt
i 

P
la

nc
h.

 
ex

. 
O

li
ve

r 
6

1
4

2
4

 
G

h
an

a 
50

.7
 

11
.9

 
Tr

ic
bi

lia
 p

rl
eu

re
an

a 
A

. 
Ju

ss
. 

6
2

0
2

4
 

G
h

an
a 

11
.5

 
11

.2
 

Tr
ic

bi
lia

 r
ok

a 
(F

o
rs

k
.)

 
C

hi
ov

. 
6

1
4

5
7

 
G

h
an

a 
49

.8
 

19
.9

 
Tr

ic
bi

lia
 r

ub
es

ce
ns

 
O

li
ve

r 
6

1
8

2
4

 
G

h
an

a 
57

.8
 

10
.5

 
T

ri
cb

ili
a 

tr
ip

by
tla

ri
a 

C
. 

D
C

. 
4

5
4

4
1

 
U

ru
g

u
ay

 
24

.7
 

10
.1

 

8.
7 

23
.5

 
T

R
 

7.
7 

30
.2

 
0.

8 
20

.0
 

1.
0 

--
 

T
R

 
--

 
1.

4 
6.

4 
b 

0.
2 

22
.3

 
0.

4 
7.

4 
10

.4
 

1.
0 

4
6

.0
 

6.
7 

1.
5 

2.
4 

0.
4 

1.
2 

0.
1 

18
.1

 
0.

2 
14

.2
 

50
.4

 
0.

8 
13

.3
 

0.
5 

1.
4 

0.
1 

0.
2 

0.
7 

0.
2 

25
.6

 
0.

6 
9.

1 
45

.3
 

0.
4 

16
.4

 
0.

2 
1.

6 
0.

2 
0.

5 
0.

1 
9.

3 
0.

3 
4.

8 
5.

6 
0.

7 
42

.5
 

29
.1

 
T

R
 

0.
2 

7.
4 

c 

0.
3 

11
.7

 
0.

5 
4.

3 
10

.1
 

0.
9 

38
.5

 
24

.6
 

0.
9 

0.
1 

1.
1 

7.
0 

c 

--
 

9.
6 

T
R

 
4

.9
 

10
.0

 
1.

0 
4

5
.9

 
28

.2
 

0.
3 

20
.3

 
4.

8 
8.

0 
14

.1
 

11
.4

 
27

.5
 

9.
0 

0.
8 

4
.0

 

1.
4 

50
.3

 
0.

5 
6.

8 
13

.5
 

0.
9 

17
.2

 
2.

0 
0.

5 
0.

2 
6.

5 
c 

0.
4 

51
.5

 
0.

4 
4.

8 
3.

3 
0.

5 
35

.6
 

3.
1 

0.
2 

0.
1 

T
R

 
6.

4 
16

.5
 

15
.4

 
2.

6 
39

.4
 

12
.1

 
0.

1 
1.

5 
6

.0
 d

 

0.
2 

4
.0

 
7.

2 
16

.0
 

7.
1 

49
.7

 
5.

3 
6

.0
 

1.
1 

3.
4 

e 

--
 

3.
0 

2.
4 

3.
3 

4
.4

 
30

.8
 

9.
1 

4
6

.2
 

T
R

 
T

R
 

0.
8 

0.
1 

18
,5

 
0.

3 
6.

2 
48

.8
 

1.
0 

23
,9

 
0.

2 
0.

5 
0,

2 
0.

2 
0 

T
R

 
10

.5
 

0.
2 

tl
.0

 
6

7
.9

 
1.

3 
6.

5 
0.

5 
0.

7 
0.

1 
0.

5 
0.

7 
1.

1 
42

.1
 

0.
9 

7.
6 

18
.2

 
5.

5 
17

.5
 

7.
1 

--
 

--
 

--
 

T
R

 
7.

4 
0.

1 
3.

1 
13

.5
 

0.
8 

74
.1

 
0.

2 
0.

2 
0.

4 
0.

1 
T

R
 

8.
6 

0.
1 

4.
5 

19
.9

 
0.

6 
6

4
.9

 
0.

4 
0.

3 
0.

3 
0.

4 
T

R
 

7.
5 

0,
1 

4.
2 

19
.2

 
0,

6 
67

.1
 

0.
3 

0.
3 

0.
3 

T
R

 
T

R
 

0.
4 

0.
3 

29
.9

 
1.

2 
5.

0 
21

.6
 

1.
0 

38
.9

 
1.

5 
0.

3 
0.

3 

2.
1 

29
.0

 
--

 
6.

4 
17

.3
 

3.
3 

30
.3

 
9.

3 
0.

4 
0.

8 
1,

1 

T
R

 
11

.6
 

0.
3 

14
.4

 
29

.4
 

1.
0 

29
.3

 
11

.9
 

1.
5 

0.
1 

0.
1 

0.
3 

T
R

 
12

.0
 

0.
3 

14
.4

 
27

.4
 

0.
9 

30
.5

 
12

.5
 

1.
5 

0.
1 

0.
2 

0.
2 

0.
1 

9.
9 

0.
4 

3.
6 

9.
1 

1.
5 

43
.3

 
27

.1
 

1.
6 

0.
5 

1.
8 

T
R

 
6.

7 
0.

2 
7.

3 
77

.4
 

1.
8 

4.
5 

1.
0 

0.
5 

0.
3 

0.
3 

1.
5 

39
.3

 
1.

0 
1.

8 
32

.9
 

1,
7 

19
.2

 
- 

1.
2 

1.
4 

0.
6 

25
.2

 
0.

2 
7.

6 
21

.5
 

1.
3 

28
.7

 
7.

9 
0.

7 
0.

3 
T

R
 

0.
2 

60
.9

 
2.

1 
1.

3 
20

.4
 

2.
7 

11
.4

 
0.

7 
T

R
 

T
R

 
T

R
 

0.
1 

4
9

.0
 

1.
6 

2.
5 

26
.0

 
2.

0 
18

.6
 

T
R

 
0.

2 

T
R

 
35

.5
 

3.
9 

38
.6

 
2.

3 
16

.9
 

0.
2 

0.
1 

1.
6 

>
 

>
 

<
 >
 

c~
 

Z
 

C
o 

C
._

 

3>
 

©
 

C
3 

G
o 

o3
 

o to
 

o CD
 

3 o
- c.
o 

03
 

a9
-1

6:
1 

+
 1

1-
16

:1
. 

b6
.4

%
-1

2:
0.

 
C

M
an

y 
sm

al
l 

u
n

id
en

ti
fi

ed
 c

o
m

p
o

n
en

ts
, 

el
n

cl
u

d
es

 1
.4

%
-1

6:
 2

. 
C

O
 

d
ln

cl
u

d
es

 5
.3

%
-1

6:
2.

 
fO

il
 o

n
 a

s-
is

 b
as

is
. 

--
.I 



1838 

R. KLEIMAN AND K.L. PAYNE-WAHL 

oil resulted in two fractions, saturates + monoenes and 
dienes. HPLC of these fractions resulted in isolates of 
nearly pure (>95%) 16:1, 16:2, 18:1 and 18:2. Mass 
spectral analysis of the saturated methoxy derivatives of 
these esters gave rise to ions that  define the location of 
their double bonds (Table I). The absence of IR absorption 
bands, indicative of trans unsaturation and these ions, 
defines the unsaturated esters as 9c-16:1, 11c-16:1, 11c- 
18:1, 9c-18:1, 9c,12c-16:2 and 9c,12c-18:2. Concentra- 
tions of these acyl groups are shown in Table II. These 
same results were obtained from the esters of E. clindricum 
seed oil. 

Quantification and identification of  esters derived from 
other  esters in this s tudy were made by capillary GC 
analysis. Identif icat ion was made primarily through the use 
of  equivalent chainlengths (ECL). The ECL of the mono- 
enoic esters are: 9 -16:1-16 .24 ,  11-18:1-18.26 ,  11 -16 :1 -  
16.36, 9 -18:1-18 .20 .  

Although cis-vaccenic acid might be a chemotaxonomic 
marker for the genus Entandrapbragma (31-50%), it  cer- 
tainly is not  for the entire family. We found only one other 
species, Dysoxylum malbaricurn, with 11-18:1 as a major 
component  (11%). Other species in the genus Dysoxylum 
had less than one per cent 11-18:1 (Table II). As previously 
observed (3), the family can be more generally character- 
ized by the large amounts of saturated acyl groups. We 
found 16:0 values as high as 61% and 18:0 reaching 16%. 

It  has been generally accepted (11-17) that cis-vaccenic 
acid results from the elongation of 9-16:1 in the biosyn- 
thetic process. Kuemmel and Chapman (12) present data 
from a number of  diverse biological systems and show a 
good relationship between the log of the 9-16:1 concentra- 
t ion and the concentration of  11-18:1. The most obvious 
anomaly was that  from Ascle_pias syriaca, the richest source 
of  11-18:1 in their study. Our data, from the Meliaceae 
with more than 5% 11-18:1, when fi t ted to this line, also 
deviate greatly. The values from Epbedra intermedia 
(Ephedraceae) (9-16:1 = 0.5%, 11-16:1 = 0, 9-18:1 = 20.6, 
11-18:1 = 10.8) and from Dyckia montevidensis (BromeI- 
iaceae) (9-18:1 = 7.4%, 11-16:1 = 0.5, 9-18:1 = 18.2, 11- 
18:1 = 18.4), two species outside of  the Meliaceae family, 
also did not  fit  the line proposed in (12). The presence of 

small amounts of 11-16:1 in all of these species indicates 
the possibility that  another biosynthetic pathway also 
could be operational, i.e., a d e l t a - l l  desaturase. Indeed, in 
studies of 11-18:1 biosynthesis this acid is a fairly minor 
lipid constituent. In seed where large amounts of unusual 
olefinic unsaturation has been reported,  such as in delta-5 
[Lirnnantbes (18)] and delta-6 acids [Umbelliferae (14)] ,  a 
specific desaturase has been found. I t  is quite possible that  
a delta-11 desaturase is operative in seeds from plants such 
as Asclepias and Entandrapbragrna. This system is not 
unknown, and has been reported to be active in bacterium, 
Leptospira canicola (19). 
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