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Abstract—Changes in fatty acids were studied during maturation of Momordica charantia and Trichosanthes
anguina seeds, which contain cis-9, trans-11, trans-13-octadecatrienoic acid (a-eleostearic) and cis-9,
trans-11, cis-13-octadecatrienoic acid (punicic), respectively. The two seeds matured 30 and 35 days after
flowering, respectively. Total lipids as well as a-eleostearic acid accumulated rapidly from 10 to 20 days in M.
charantia. In T. anguina the active period of lipid synthesis was from 15 to 30 days but punicic acid continued
to be synthesized until maturity. In both species, the disappearance of linolenic acid and the reduction in
concentration of linoleic acid were concomitant with the formation of conjugated fatty acids. The conjugated
fatty acids were absent from monoacylglycerols and phospholipids of both species, and also from the

diacylglycerols of M. charantia, throughout maturation.

INTRODUCTION
Changes in fatty acids, both common and unusual,
during seed maturation have received much attention
[1,2]. However, only one seed source among those
containing conjugated octadecatrienoic acids (18:3
conj.), Momordica balsamina, which contains punicic
acid (cis-9, trans-11, cis-13-octadecatrienoic acid)
has been studied before [3]. The changes in fatty acid
composition during maturation of two other seeds of
the Cucurbitaceae containing 18:3 conj. [4], viz.
Momordica charantia (a-eleostearic acid, cis-9,
trans-11, trans-13-octadecatrienoic acid) and Tri-
chosanthes anguina (punicic acid), are reported here.

RESULTS AND DISCUSSION
M. charantia

The lipid content remained small until 10 days after
flowering; thereafter there was a rapid accumulation
(Table 1). From day 10 to 13 the lipid content in-
creased six-fold and by day 20 it had reached
almost the maximum level. Until day 10, 16:0 and
18:2 were the major fatty acids and 18:3 conj. was
not found. From day 6 to 10, 16:0 and 18:0 decreased
and 18:1, 18:2 and 18:3 increased. By day 13
16:0 further decreased, 18:0 increased, 18:2
decreased, 18:3 disappeared and 18:3 conj. became
predominant. By day 20 when the lipid content
reached a maximum level, 18:0 and 18:3 conj. also
attained almost maximum concentrations. The fatty
acid composition remained more or less the same
after day 20.

The changes in fatty acid composition of the tri-
acylglycerols (TG) broadly reflected those occurring in
total lipids. Most of the 18:3 conj. synthesized was

incorporated into the TG. In the diacylglycerols
(DG) and polar lipids (PL) of seeds from day 20
onwards, 18:0 predominated and the 18:2 content
decreased but 18:3 conj. was absent.

T. anguina

The lipid content was not appreciable until 15 days
after flowering; rapid accumulation was observed
thereafter until day 30 (Table 2). 18:3 Conj. was
absent on day 15, present in appreciable amounts on
day 25 and continued to be synthesized even after
day 30. Before the appearance of 18:3 conj., 18:2,
16:0 and 18:3 were the major acids. By day 25, 18:3
had disappeared, the 18:2 and 16:0 contents had
decreased and the 18:0 and 18:1 contents increased.
From the day 25 to 35, the amounts of 18:1 and 18:2
decreased and those of 18:3 conj. increased further
whereas those of 16:0 and 18:0 remained the same.

The changes in the TG were generally similar to
those in the total lipids. The content of 16:0 in the
DG decreased continuously and the contents of 18:0
and 18:1 increased until day 25 and decreased
thereafter. The 18:2 content also declined during the
ripening period. Appreciable proportions of 18:3
conj. were found in the samples of days 30 and 35.
The contents of 16:0 and 18:3 in the PL decreased,
those of 18:0 and 18:1 increased until day 30 and
the changes thereafter were minor. Throughout, 18:2
was predominant and 18:3 conj. was absent.

The disappearance of 18:3 and reduction in 18:2
concentration in the total lipids, TG and DG of M.
charantia and T. anguina were found to be con-
comitant with the formation of 18:3 conj. This sug-
gests that the latter could possibly originate from
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Table 1. Changes in fatty acid composition during maturation of M. charantia seeds

Fatty acids (wt%)

Days after Lipid Lipid
flowering (% dry wt) 16:0 18:0 18:1 i8:2 18:3 18:3 conj.*
6 4.1 Total 520 12.1 4.6 19.8 1.5 0
10 5.1 Totalt 29.7 6.6 11.2 31.8 19.1 0
13 30.2 Total 3.8 21.8 14.8 16.1 Tr 43.4
TG# 33 25.9 20.6 12.8 Tr 374
DGt 20.6 237 19.5 36.2 Tr 0
PL% 27.8 10.6 55.6 6.0 Tr 0
20 46.4 Total 1.5 37.9 1.9 3.5 0 55.1
TG 2.3 48.8 3.8 4.6 0 40.5
DG 9.6 58.4 8.2 23.7 0 0
PL 15.8 66.6 53 123 0 0
24 47.7 Total 1.8 335 23 4.8 0 57.4
DG 11.9 61.5 8.1 18.5 0 0
PL 18.2 59.4 12.6 9.8 0 0
30 475 Total 1.7 36.1 1.3 4.1 0 56.7
TG 2.2 343 16.5 45 0 4.5
DG 24.6 46.2 17.6 11.6 0 0
PL 29.0 38.7 276 4.6 0 0

*Cis-9, trans-11, trans-13-octadecatrienoic acid.

tAlso contained 12:0, 0.7% and 14:0, 0.9%.

iTG, triacylglycerol; DG, diacylglycerol; PL, polar lipids (mixture of monoacylglycerols and
phospholipids).

Table 2. Changes in fatty acid composition during maturation of T. anguina seeds

Fatty acid (wt%)

Days after Lipids Lipid
flowering (%, dry wt) 14:0 16:0 18:0 18:1 18:2 18:3 18:3 conj.*

10 1.8 Total 3.4 27.8 29 4.2 373 243 0
TGt 10.6 16.8 3.5 5.7 389 24.5 0
DGt 29 225 42 10.2 38.4 218 0
PLt 0 32.6 27 2.6 38.0 24.1 0

15 3.1 Total 2.8 28.0 2.2 5.5 38.5 23.0 0
TG 22 18.6 10.0 17.5 34.7 17.0 0
PL 0 29.7 44 53 36.5 24.0 0

25 17.4 Total 0 7.5 10.3 28.5 28.2 Tr 254
TG 0 7.8 12.0 32.1 304 0 17.7
DG 0 11.7 19.8 39.6 28.9 0 0
PL 0 25.5 5.6 14.6 45.5 8.9 0

30 313 Total 0 6.1 10.1 249 25.5 Tr 33.3
TG 0 7.1 10.8 259 29.1 0 27.1
DG 0 7.2 10.3 344 32.8 0 15.4
PL 0 20.0 11.7 22.5 43.4 2.4 0

35 323 Total 0 7.2 10.1 17.5 19.0 Tr 46.3
TG 0 36 11.1 19.2 18.4 0 47.7
DG 0 54 49 17.2 22 0 50.2
PL 0 20.7 1.5 21.7 45.3 4.7 0

*Cis-9, trans-11, cis-13-octadecatrienoic acid.
1TG, triacylglycerols; DG, diacylglycerols; PL, polar lipids (mixture of monoacylglycerols and phos-
pholipids).



Fatty acids during seed maturation 303

18:2, as hypothesized by earlier workers [5,6]. The
absence of 18:3 conj. in PL, which include
monoacylglycerols (MG) and phospholipids, at any
stage of seed maturation suggests that the TG and
also the DG of T. anguina containing 18:3 conj. may
perhaps be synthesized by acylation of the MG with
18:3 conj. and other fatty acids, via the MG pathway
[7].

EXPERIMENTAL

M. charantia (cv. Long Green Monsoon) and 7. anguina
seeds were purchased from Pocha Seeds, Pune, India. The
plants were grown in prepared plots and pollinated flowers
were tagged. Seeds were collected at different stages of
maturation. Moisture contents were determined by heating
at 110°. Seeds were ground with Na,SO, and extracted x3
with CHCl,-MeOH (2:1). The combined extracts were
concd in a rotary evaporator at 35°, dil. with H,O and
re-extracted with hexane. The extracts were washed x3
with 10% NaCl soln, and dried over Na,SO,.

The TG, DG and PL were separated by prep. TLC on Si
gel (1 mm) using hexane-Et,O (7:3). The TG and DG were
extracted with H,O-satd Et,0 and PL with CHCl;-MeOH
(1:1). The MG and phospholipids present in the PL fraction,
as shown by Si gel TLC using hexane-Et,0 (1:1), were not
separately analysed. The lipids were transesterified with
NaOMe-MeOH and the resultant Me esters were analysed
by FID GC on 5% SE 30-Chromosorb P, 45-60 (1.2 m X
3mm) and 15% EGSS-X-Gas Chrom Q, 100-120 (1.8 m x
3 mm) columns. The column, injection port and detector were
maintained at 190°, 240° and 240°, respectively. N, flow rate
was 30 m}/min. Since 18:3 conj. is known to undergo alter-
ation on polyester columns[8] it was estimated by GC on
SE-30 and the accuracy of the estimation was verified by

analysing M. charantia oil methyl esters to which known
amounts of methyl stearate were added, as well as by a UV
method [9]. That alteration products of 18:3 conj. were not
eluted with other esters, as was shown by analysing a mixture
of 16:0, 18:0, 18:1, 18:2, 18:3 and 20:0 to which different
proportions of a-eleostearate were added. Methyl a-eleo-
sterate was isolated from M. charantia oil methyl estefs by a
double development of Si gel with hexane-Et,0 (47:3).
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