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Abstract-The major pigment changes associated with npenmg m two cultlvars of the palm fruit were a decrease in the 
content of chlorophyll and a massive accumulation of carotenes The green pigment did not disappear completely in the 
ripe fruit However, the relative concentrations ofchlorophylls 0 and b m the green fruit were reversed in the npe fruit /3- 
Carotene was the maJor pigment of the ripe frmt with an unusually high concentration of a-carotene and traces of 
acychc carotenes The 011s and fats derived from the palm fruit mesocarp are thus excellent sources of provitamin A 

INTRODUCI’ION 

The natural habitat of the African palm 1s m forest 
outhers It does not grow m pmnaeval forest but flounshes 
wherever man has cleared a part of the forest [l] The 
carotenolds are mamly responsible for the bnlhant yellow 
and red colours of fruits found m the tropical ram forest 
where the plant predommates The frmt of the oil pahn IS a 
drupe urlth an outer mesocarp or pulp and an inner 
endocarp or shell Two diffused pigmented areas exist m 
the m&vldual npe fnnt. The tad which 1s attached to the 
bunch 1s covered by spikelets and 1s usually light yellow or 
green while the head which IS fully exposed to light 1s 
bright yellow or red 

To date, no systematic studies have been undertaken on 
the carotenolds of the palm fruit although it is the most 
important source of provitamm A m Nrgerla At the turn 
of the century some reports on the Occurence of carotenes 
m the 011s of the palm were published [2, 31 and a 
prehmmary observation on npenmg of 011 palm fruits 
speculated on the fate of the pigment [4] Recently, 
commercial plantation gave impetus to genetic mampu- 
latlons of the palm so that now several forms of the species 
of different colours rangmg from bright yellow to red are 
avalable The carotene forms and the processes leadmg to 
the accumulation of pigments are unknown 

In the present report two cultlvars, Dura and Tenera, of 
the pahn fnut have been analysed for chlorophyll and 
carotenes at different developmental stages 

RESULTS 

The chlorophyll and carotene contents m the green (l-2 
months), matured green (3-4 months) and ripe (5-6 
months) frmts are presented m Table 1 The chlorophyll 
content was highest m the green and decreased as the fruit 
matured to ripeness A considerable amount of chloro- 
phyll was still present m the npe, red (Tenera) and yellow 
(Dura) pigmented frmts Chlorophyll a was more abun- 
dant than chlorophyll b m the early stages of growth by a 
ratio of about 15 1 but this pattern was reversed m the 
ripe forms where the amount of chlorophyll b was twice 
that of chlorophyll a 

There was massive accumulation of carotenes durmg 
the last stage (5-6 months) of growth, however, small 
amounts of cychc carotenes were also detected at the green 
stages The acychc carotenes were only found m the npe 
fruits /?-Carotene was the maJor type with an unusually 
high amount of a-carotene (up to 35 % of total carotenes) 
Generally, more of the coloured carotenes were syn- 
theslzed by Tenera than Dura but the amounts of the 
intermediate compounds found m both forms were 
similar 

Total carotenolds and chlorophylls extracted from the 
two regions found m mdlvldual fruits are gwen m Table 2 
Some mdlcatlon that these two regrons may represent 
progressive stages of carotenogenesls m the same fruit was 
shown, the total carotenolds and chlorophylls present m 
the head area were greater than the tall 

DISCUSSION 

The inverse. relationship m the two forms of chlorophyll 
between the green and the npe fruit may serve a com- 
pensatory function as it becomes necessary to trap energy 
of suitable wavelength due to the masking of the chloro- 
phylls by carotenes Slrmlar dlfferentlal rate of drsappear- 
ante of chlorophylls was shown m some studies of 
pigment changes m deciduous trees during autumn nec- 
rosls [S] In most of the carotenogemc fruits, chlorophyll 
disappears as the yellow colours of carotenolds are 
unmasked [6,7j In the palm fruit a substantial amount of 
chlorophyll IS retained even as carotenes accumulate 
maximally Pepper and tomato mutants also retam sub- 
stantlal amounts of chlorophyll when fully ripe [8] 

Carotenogenesls begms at lmtlahon of the pahn fruit 
but synthesis at this stage 1s very small compared to the 
npe fruits This 1s contrary to the grape frmt where active 
carotenogenesls occurs before chlorophyll begms to dls- 
appear [9] The smaller quantities of precursor carotenes 
are usual [S, 10, 111 although they do not conclusively 
show the sequence of carotenogenesis m the palm fruit 
They may, however, indicate the extent of synthesis of the 
final products It could be argued that the precursor 
carotenes are not found m the green fruits because they 
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Table 1 Carotenes and chlorophylls of two fruit forms of E gu~neenszs at three stages of development 

Pigment 
(m&l00 g) 

Carotenes 
a-Carotene 

j&Carotene 

y-Carotene 

j?-Zea carotene 

Green 

Tenera 

Mature 
green 

RW Green 

Dura 

Mature 
green 

R w 

002 
(0 01-O 02) 

002 
(0 02-O 02) 

- 

(0 05-O 08) 

(0:7Yll) 

- 
- 

002 
(002-002) 

002 
(0 02-O 03) 

- 

(OEO 1) 
011 

(0 02-O 23) 

- 
- 
- 

14 1 
(6 3-36 4) 

372 
(14 O-93 0) 

036 
(0 O-O 38) 

038 
(00-048) 

024 
(0 U-034) 

042 
(0 21-O 54) 

024 
(00-027) 

- 
- 

- 
- 

(1 z2 8) 
147 

(2 7-30 0) 
029 

(0 O-O 39) 
031 

(00-040) 
0 14 

(O-O 23) 

(0 2’: 56) 
033 

(00-035) 

024 
(0 07-O 37) 

046 
(0 13-O 72) 

- 
- 

- - - 
Lycopene - - 

- - 
Neurosporene 

Phytofluene 

Chlorophylls 
Chlorophyll a 

Chlorophyll b 

- - - 
- - 

- - 
- - - 

289 
(12-4 8) 

186 
(0 8-3 3) 

2.07 
(0 33 4) 

153 
(0 32 0) 

043 
(0.03-O 73) 

073 
(0 031 3) 

265 
(1 35 4) 

(lZ35) 

227 
(163 4) 

1 18 
(0 5-l 7) 

Figures m parentheses represent the range while the first figures represent the mean of five determmahons 

Table 2 Regonal dlstnbutlon of pigments m ripe palm fruit 

Pigment 
(mg/lOO g) 

Tenera Dura 

Head Tall Head Tad 

Total carotenolds 091+009 062kOOl 054&008 048kOll 
Total chlorophyll 145*020 06OkOO2 322&090 05OiOO3 

Mean fs e of five samples 

are rapidly consumed to form the cyclic carotenes found 
m such frmts or alternatively new carotenogemc enzyme 
assembhes have been synthesized m the developmg 
chromoplasts durmg npenmg to account for the masswe 
accumulatron of the pigment [G Bntton, personal com- 
mumcation] The natural progression of pigmentation of 
the palm fnnt may suggest Qfferent rates of carotenogen- 
esls for more of the precursor carotenes are found m the 
growmg tad than the fully npe head of the fruit 

Carotenold blosynthesls m higher plants IS an Import- 
ant part of chloroplast and chromoplast development 
[12] Theodpalmfrmtcanbeusedasamodelmthestudy 
of the development of these organelles The unripe-green 
fnnt contams funtional, photosynthe&ally active chloro- 
plasts, conamng chlorophyll, carotenes and xantho- 
phylls On rqenmg, an mcreasmg chloroplast degener- 
ation occurs leading to loss of chlorophyll However, not 
all chlorophyll IS lost although It IS not clear whether the 
rermumng chlorophyll IS photosynthetlcally active As 
npemng proceeds, chromoplasts are formed, possibly 
from degeneratmg chloroplasts rather than de nouo from 

proplastlds The de nouo chromoplasts make new caro- 
tenolds (new enzyme assemblies may be reqmred) Under 
these condltlons of greater carotene synthesu m chromo- 
plasts, small amounts of mtermedlates would be detected 
which are not found m the chloroplasts Furthermore, the 
progressive carotenogenesls wlthm the npe fruit wdl offer 
excellent posslblhtles for studying the synthesis and/or 
transformation of the organelles 

Nutntlonally, because of the very high concentration of 
/&carotene m the mesocarp of the fruit, the 011s and fats 
derwed from it are the best sources of provltamm A m 
Nlgena 

EXPERIMENTAL 

Two cultwars (Tenera and Dura) of E guma Jacq were 
cokcted from the 011 Palm Research Institute (NIFOR), Remn 
City, Nlgena The Agronomy department selected the frmts from 
the followmg three stages of development immature green (l-2 
months), mature green (3-4 months) and npe (5-6 months) fruits 
The fruits at different stages of growth were removed from the 
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bunch at random and kept m black plastr bags flushed with Nz 
and frozen pending analysis Ail solvent purzticatton methods and 
analytIca procedures used were based upon those described by 
Davies [13] and Bntton and Goodwm [14] 

Extruct~on of carotenords Palm frmt mesocarp (20 g) was 
homogemzed m Me&O and filtered by suction The debns was 
re-extracted several tmes untd all pigments were removed An 
equal vol of Et20 was added to the extract and later Hz0 was 
added until two layers were formed The aq phase was re- 
extracted with EttO The combined ethereal solns were washed 
with Hz0 to remove traces of Me&O For sapomfkatlon, the 
Et,0 was removed by rotary evaporation under red pres , the wet 
residue was &ssolved m 5 ml EtOH and KOH (60% w/v) was 
added to 10% The mature was allowed to stand under N2 
overmght Et,0 (20 ml) was then added followed by Hz0 until 
two layers were formed The aq phase was re-extracted anth 
Et,0 and the combined ethereal extracts were washed with Hz0 
until free of alkah The saponified extract was dned over NalSOd 
and rotary evaporated to small vol under red pres and finally m 
a stream of N, The column chromatographc elutlon and 
separations on TLC of the different carotenes was as described 
Cl41 

The pure carotenes obtamed were quantltauvely estimated by 
a spectrophotometnc method [ 141 usmg Ez values tabulated by 
Davies [13] Chlorophylls were extracted from representative 
samples (1 g) with Me#O and estimated according to the 
method of Arnon [15] with the specdic absorption coefficient 
gven by Mackmney [la] 
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