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Abstract-During fruit development of oil palm (Ebis guineensis) oil deposition in the mesocarp started co 12-l 3 
weeks after flowering (WAF’) and continued untit the fruit ripened at 20 WAF. Over the next 1-2 weeks oil continued to 
be deposited but the fruit became loose and readily detached from the bunch. The lipids extracted at this stage contained 
over 50% free fatty acids and ca 6 % polar lipids. The major fatty acids in the storage triacylglycerols were 16: 0,18: 1 
and 18 : 2. The fatty acid composition of the neutral lipid classes and polar lipids during oil deposition were similar 
except that the latter also contained a high proportion of 18 : 3. Longer chain acids (20: 3 and 22 : 0) were detected in 
certain lipid classes at 8 and 12 WAF. 

INTRODUCTION 

In recent years the oil palm (E&s @teen&) has become 
a major source of vegetable oil. The commercial pro- 
cessing and end-uses of palm oil depend on the fatty acid 
composition and molecular species of its triacylglyceroh 
(TG). Consequently it is of great interest to know how the 
fatty acids are synthesized and assembled into the various 
TG species. We recently studied the biosynthesis of fatty 
acids from radioactive acetate using fresh mesocarp tissue 
at different stages of development [ 11. In 1958 Crombie 
and Hardman [2] reported the total fatty acid com- 
position of palm mesocarp during fruit development. We 
felt it was also important to study the fatty acid com- 
position of the lipid classes using modern analytical 
techniques. The results of the study are reported in the 
present paper. 

RESULTS AND DISCUSSION 

Development of the oil palm fruit has been described in 
an earlier report [ 11. As with the earlier experiments, the 
Bowers were not hand-pollinated and estimated fruit age 
was no more accurate than f 1 week of the given values. 
With fruit development the mesocarp filled with oil at the 
expense of moisture content. The non-lipid dry wt, largely 
fibrous material, was fairly constant between 8 and 16 
weeks after flowering (WAF’) and showed only a slight 
increase at 20 WAF. Oil deposition started by 16 WAF 
[1) unlike the situation in African palms[2] and it was 
clear that the oil content continued to increase until the 
fruit became detached from the bunch. 

The chloroform-methanol solvent used also extracted 
plant pigments and sterol esters which could be separated 
from the neutral iipid classes on TLC, they were not 
estimated as they were minor components and metab- 

*TO whom correspondence should be addressed. 

oliily unrelated to the storage lipids. Table 1 shows the 
proportion and weight of each neutral lipid class and the 
polar lipids (PL) at each stage of development, measured 
by HISO charring of the separated lipids. The main 
storage lipid was TG which increased from 0.02 % of the 
mesocarp fr. wt at 12 WAF to 36.75% at 20 WAF. A 
su~~s~~y high proportion of free fatty acids (FA) was 
seen in 16 and 20 WAF samples. These values were similar 
to those obtained earlier from incubation of radioactive 
acetate with mesocarp slices. Of the radioactive lipid 
products formed using 16 and 20 WAF mesocarp tissue 
slices, 7.0% and 17.9 y0 were FA [ 11. FA levels are 
generally low in intact tissues and it would appear that 
some lipolytic activity was still present despite the use in 
this study of iso-propanol during lipid extraction. Of the 
lipids extracted from the overripe fruits, 58.6% were 
present as FA. This high FA level could have been caused 
by the lipolytic activity of exogenous microorganisms 
which have been shown to commonly infect overripe, 
loose fruits on palm bunches [3-S]. 

The polar lipids were not separated into their individual 
components but they are known to contain glycolipids as 
well as phospholipids [63. The proportion of polar lipids 
(PL) in young fruits fell from 57.8 y0 to 5.3 % when oil 
deposition started (16 WAF) (Table 1). In ripe 20 WAF 
fruits it was only 0.9 “/,. Nevertheless the actual wt of PL 
per g mesocarp tissue showed a slight increase between I2 
and 16 WAF. This can be attributed to a period of cellular 
proliferation at this growth stage [l]. Between 20 WAF 
and the overripe stage an increase in both the proportion 
and absolute amount of PL was observed. 
Monoacylglycerols (MG) are not involved in TG bio- 
synthesis and their presence in tissue extracts is strictly 
due to lipotytic activity on TG or phosphoglycerides [7]. 
Thus where such activity is controlled the MG level is low 
(Table I). It is also low if fipolytic activity is excessive and 
fairly complete as evidenced by very high FA levels 
(overripe sample, Table 1). 1,2-sn-Diacylglycerol (l JDG) 
is the immediate precursor for the biosynthesis of TG. Its 
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Table I. Changes in lipid content of developing oil palm mesocarp 

WAF 

Lipid content (g/l00 g fr. wt) 
Moisture content 

(g/IoOg fr. wt) TL TG FA 1.3~DG 1,2-m MG PL 

a 87.85 0.09 0.01 0.01 0.01 0.01 
(1::) 

0.05 
(7.1) (9.3) (8.I) (13.6) (60.3) 

I2 88.42 0.14 0.02 0.01 0.01 0.02 
(13.9) (4.8) (8.4) (13.2) (:fs, 15y3 

16 81.46 6.40 (7;:: 0.5 I 0.11 0.28 
(8.0) (1.7) (4.4) ,;; 

0.34 

(5.3) 
20 37.45 47.77 36.75 6.17 0.39 2.30 1.76 0.41 

(76.9) (12.9) (0.8) (4.8) (3.7) (0.9) 
Overripe 22.82 66.69 19.32 39.06 2.29 1.66 0.21 4.15 

(29.0) (58.8) (3.4) (2.5) (0.3) (6.2) 

Figures in parentheses give the % of each lipid class in the sample. WAF = Weeks after flowering; TL = total 
lipdq FA = fatty acids; MG, DG, TG = mono-, di-, tri-acylgiycerols; PL = polar lipids. 

Table 2. Changes in fatty acid composition of lipid classes at different stages of development of oil palm mesocarp 

Percentage of total fatty acids 

WAF Lipid clsss IO:0 12:0 14:O 16:O 18~0 18:I 18:2 I8:3 20:3 22:0 

a 
I2 
16 
20 
overripe 
8 
I2 
I6 
20 
Overripe 
8 
12 
16 
20 
Gverripe 
a 
12 
16 
20 
Overripe 
a 
12 
16 
20 
Overripe 
8 
12 
i6 
20 
Overripe 
8 
I2 
I6 
20 
Overripe 

Total lipids 

Triacylglycerols 

Fatty acids 

1,IDiacylglycerols 

I ,2-DiacylgIycerols 

Monoacylgiycerols 

Polar lipids 

4.2 
1.4 
0.1 
0.4 
0.0 
0.0 
0.1 
0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
1.0 
0.1 
I.1 
0.0 
0.2 
0.1 
0.0 
0.3 
0.0 
0.2 
0.1 
0.0 
0.7 
0.1 
0.0 
0.0 
0.2 
I.3 
0.5 

3.1 
I.5 
1.7 
5.5 
0.8 
0.7 
0.7 
0.8 
0.1 
0.3 
I.4 
3.5 
0.6 
0.2 
0.2 

33.3 
18.0 
2.1 
0.9 
0.2 
1.4 
I.3 
0.2 
0.0 
0.4 
0.4 
I.7 
0.6 
1.8 
2.2 
0.3 
0.3 
1.0 
0.3 
20 

1.0 27.5 4.4 
1.0 27.0 4.5 
0.4 35.2 5.4 
1.1 40.8 5.0 
I.5 44.2 5.4 
1.4 43.2 3.2 
1.3 25.8 1.4 
0.6 38.9 4.8 
1.4 45.4 5.2 
1.4 56.3 3.2 
2.3 49.8 2.6 
3.0 25.4 0.4 
0.0 28.3 0.8 
2.5 58.8 6.0 
is 35.4 0.5 
7.3 52.4 3.5 
8.2 42.4 5.2 
0.6 68.1 5.8 
2.8 51.3 5.9 
I.9 55.8 4.6 
2.2 74.2 4.1 
I.7 62.5 3.6 
0.1 35.7 1.9 
1.3 41.8 4.6 
I.6 55.5 3.4 
3.9 60.0 3.8 
I.8 44.3 2.9 
0.8 66.3 8.5 
1.4 67.0 9.7 
2.0 59.1 5.6 
0.5 40.9 20 
0.6 32.5 21 
0.3 33.4 1.9 
1.2 45.6 4.3 
1.4 40.8 0.7 

22.2 
227 
42.6 
35.9 
38.7 
18.9 
24.5 
42.6 
36.7 
33.3 
20.3 
45.0 
54.9 
24.7 
45.2 

3.4 
25.5 
21.9 
29.7 
31.2 

7.5 
128 
45.4 
37.5 
31.4 
14.0 
14.7 
18.5 
14.8 
23.8 
14.0 
17.2 
24.5 
18.9 
33.4 

24.0 
23.9 
13.9 
11.3 
9.4 

20.6 
25.7 
ii.9 
11.1 
5.6 
7.0 
9.5 

15.4 
7.6 

17.2 
0.0 
0.0 
I.8 
8.3 
6.2 
0.0 

13.6 
16.7 
14.5 
7.8 
7.6 

229 
5.3 
4.7 
7.2 

28.6 
24.8 
28.0 
14.8 
14.6 

13.6 
18.0 
0.8 
0.0 
0.0 

10.8 
20.6 
0.0 
0.0 
0.0 
a.7 
I.4 
0.0 
0.0 
0.0 

1.2 
0.0 
0.0 
0.0 
0.0 
7.8 

Ii.9 
0.0 
0.0 
0.0 

0.0 
3.0 
0.0 
0.0 
0.0 
2.3 

11.7 
0.0 
0.0 
0.0 

13.7 
223 
10.8 
13.6 
5.4 

10.4 
I.3 
0.0 
0.0 
0.0 
3.4 4.3 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 
0.0 
0.0 
0.0 
1.1 

Fatty acids are denoted by the number of carbon atoms: the number of double bonds. 
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concentration in mesocarp extracts therefore represented 
its steady state concentration in the biosynthetic pathway. 
With the progressive accumulation of TG during fruit 
development the percentage of 1,2-DG also decreased 
(Table 1). 

Most natural TG possess a stereospecific distribution 
of fatty acyl residues characteristic of their source. The 
control of this distribution is unknown. However, analy- 
ses of FA composition of lipid classes during development 
of a variety of oil seeds have been reported [S-l 11. In 
maturing mustard seed such studies showed that gadoleic 
(20: 1) and erucic (22: 1) acids were directly esteriSed to 
preformed DG and MG [ 111. The major fatty acids in the 
total lipids were 16: 0, 18 : 1 and 18 : 2 (Table 2). Large 
amounts of 18 : 3 were only found in 8 and 12 WAF 
mesocarp and medium chain FA (lO:O, 12:0 and 14:0) 
were minor components at all stages of development. 
Longer chain FA (20: 3,22 : 0) were present in very small 
amounts in 8 and 12 WAF mesocarp but were only 
detected in TG, FA, 1,2-DG and MG classes. It is obvious 
that these acids were not involved in the synthesis and 
metabolism of storage lipids since synthesis of storage 
lipids in the mesocarp occurred later than 12 WAF [l]. 
Similarly linolenic acid (18: 3) was present in PL at all 
stages but only found in other lipid classes at 8 and 
12 WAF. The FA composition of TG and 1,2-ffi classes 
from 16 WAF to the overripe stage were similar. While 
this might suggest that there was no particular s@city 
in the acylation of 1,2-L% to TG, the possibility of 
modification or turnover of pre-formed TG was not 
excluded. Indeed, if acyl exchange reactions achieved 
rapid equilibrium, their occurrence would be difficult to 
demonstrate from examining the composition of the 
products in the steady state. Nevertheless it might be 
worthwhile to analyse the substrates for acylation reac- 
tions, viz the acylthioesters, acyl-CoAs and acyl-ACPs 
[I& 131 in mesocarp tissue. 

EXPERIMENTAL 

Fresh fruit bunches from the Palm Gil Research Institute of 
Malaysia were harvested at 8, 12, 16 and 20 WAF. Outer fruits 
from ripe bunches which became detached with a slight manipu- 
lation were collected and classiBed as overripe (21-22 WAF). 

From each stage of development, cn 20 fruits were removed 
from the outer region of the spikelets. After surface washing with 
Chlorox, the mesocarp tissues were removed and pooled. A 
sample was taken for measurement of dry wt (48 hr at 7O’)and oil 
content. The remainder was immediately used for lipid extrac- 
tion. It was first stirred with iso-PrOH at 60” for 30min to 
minimize lipolytic activity and then extracted with 

CHCI,-MeGH (2: 1) and washed according to established 
procedures [ 141. Neutral lipids (co 200 pg) were separated by 
TLC on silica gel G using hexane-EtsGHOAc (40: 10: 1) and 
quantitated by charring with cont. HsS& [ 153. Linear responses 
were obtained by charring standard lipids from each class each 
ranging between 10-500 pg. 

Individual lipid classes were isolated by prep. TLC using the 
above solvent system For lipid samples from 8 and 12 WAF 
mesocarp, a clearer separation between MG and PL was 
obtained using hexane-Et@-HOAc (25 : 25 : 1). FA Me esters of 
the isolated lipid classes were prepared [ 1] and analysed by FID- 
GC using a stainless steel column (2 m x 2 mm) packed with 15 % 
EGSS-X on Gas Chrom Q. The analyses were carried out 
isothermally at 170” and FA Me esters identified against auth- 
entic standards and RR, values. Peak areas were quantitated by 
electronic integration. The figures given in Table 2 are mean 
values of four separate GC analyses. 
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