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d’Ivoire
Absalome A Monde,a,b Françoise Michel,b Marie-Annette Carbonneau,c

Georges Tiahou,d Marie-Hélène Vernet,b Sabrina Eymard-Duvernay,e

Stephanie Badiou,b Benjamin Adon,f Eugène Konan,f Daniel Sessa and
Jean Paul Cristolb∗

Abstract

BACKGROUND: Fatty acid, tocopherol, tocotrienol and carotene contents were assessed in four oil palm species from the
National Centre of Agronomical Research of Côte d’Ivoire, two of which were the basal Lamé (HP1) and Deli (HP2) collections
and two of which resulted from crossings between HP1 and HP2 varieties of Eleais guineensis, HP3 and HP4 being identified as
the first and second cycle selection, respectively.

RESULTS: Palm oil species were characterized by the richness in polyunsaturated fatty acids composition (48–60%) compared
to saturated fatty acids (40–52%), especially the first variety, which was from the base collection, and the two hybrids ensuing
from crossing. Total carotene content of those varieties was higher and accounted for 832–3575 µg g−1, and the β-carotene
level (580–2390 µg g−1) was predominant. Total vitamin E content was 864–1124 µg g−1, with a notable higher content of
tocotrienols, especially γ -and α-tocotrienol, ranging from 400 to 515 µg g−1 and from 238 to 350 µg g−1, respectively.

CONCLUSION: Crossing seemed to be useful in improving the performance and analytical characteristics of the base collection
materials.
c© 2009 Society of Chemical Industry
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INTRODUCTION
Palm oil is one of the most widely used edible oils in
various food products, by households on the one hand and
by foodstuff factories on the other. Its use is very frequent
in West Africa in particular and in Côte d’Ivoire especially,
and it includes manufacture of industrial products such as
margarines, shortenings, cooking oils and confectionery fats, and
has versatility for other food applications.1 – 4 It has been previously
suggested that long-term consumption of crude palm oil could
be considered as an effective protective factor against oxidative
stress in a selenium-deficient area in Côte d’Ivoire, compared to
a consumption of refined palm oil.5 In Côte d’Ivoire, current use
of palm oil has allowed the development of a vast plantation
of palm oil species and the government has put in place the
‘program oil palm’ monitored through the National Centre of
Agronomical Research (CNRA).6 The principal aims of this centre
are to promote and to develop improvement of seed, productivity,
organization of plantation owners and marketing. Concerning the
palm oil species of Côte d’Ivoire, bibliographic data generally has
been based mostly on studying the growth in height, and the

fight against plant diseases such as fusariosis resistance and their
management.7 The CNRA permitted the creation of new varieties
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from a selection of oil palm plants of the variety Eleais guineensis.
The plant material used was derived from a genetic improvement
of the ‘Lamé’ collection, which is from Côte d’Ivoire, and the
‘Deli’ collection, from the Malaysian Palm Oil Board (MPOB). Thus
new materials of the first and second cycles were collected from
the crossing of ‘Deli’ and ‘Lamé’ varieties. However, the materials
collected had not been evaluated for their potential before their
use in breeding. Nonetheless, no study has yet been done on
the chemical composition (analytical characteristics from oil palm
species) of the oil from these varieties in French-speaking areas.
The purpose of this study was therefore to evaluate the fatty
acid composition, carotene content and vitamin E isomers (i.e.,
tocopherols and tocotrienols) of palm oil from the four varieties
and to compare these varieties with those from other countries.
The results obtained could be useful in the selection of breeding
materials for the future improvement of planting materials in Côte
d’Ivoire.

MATERIALS AND METHODS
Plant material
The materials evaluated were from a genetic improvement
program of oil palm trees through intervarietal breeding.
Numerous oil palm descendants have been created at the CNRA,
where some of the oil palm species hybrids were obtained after
seed germination and plant breeding in the Station of Lamé,
which is 50 km from the capital Abidjan.6,7 This material is called
the ‘Lamé collection’, and the second material used was from
the ‘Deli collection’. Thus four different varieties of oil palm were
selected and analysed, from the Lamé collection on the one hand
and from the Deli collection on the other. These varieties were
named BRT10 A18 and E 51.15.21 from the base collection of the
Lamé and Deli collections, respectively; L 11.15.8 from the material
of the first cycle selection; and L11.16.3 from that of the second
cycle selection, both coming from crossing of the base collection.
Samples from the base collection Lamé were classified HP1 and
from the base collection Deli as HP2. Samples from the material of
the first cycle selection were identified as HP3 and those from the
material of the second cycle selection as HP4. These palm fruits
were collected just before the rainy season, i.e., during the month
of April in Côte d’Ivoire. Moreover, the age of the palm tree was
different according to variety: HP1 has been planted since 1924;
HP2 in 1962; HP3 and HP4, the two crossed varieties, in 1988. Fruit
type was nigrescens and fruit form was Tenera for HP1 and Dura
for HP2 variety.

Chemicals
All solvents were high-performance liquid chromatography (HPLC)
grade and were purchased from various suppliers.

The vitamin E isomers, i.e., the three tocopherol standards
(α, γ and δ), were obtained from Merck (Darmstad, Germany)
and highest-purity tocotrienol standards were purchased as an
isomer kit from Cayman Chemical Co., Interchim (Montluçon,
France). Methanol for reversed-phase polarity HPLC was obtained
from Prolabo (Paris, France). Lithium perchlorate was obtained
from Fluka (Saint Quentin-Fallavier, France), and acetic acid 100%
was of HPLC grade and supplied from Merck. Standard fatty acid
methyl esters (FAME) were from Sigma Chemical Co (Saint Quentin-
Fallavier, France). Isooctane was obtained from Carlo Erba (Val de
Reuil, France) and isopropanol from Prolabo. All other reagents
and chemicals were of analytical grade.

Determination of fatty acid composition (FAC) by gas chro-
matography (GC)
FAC of the crude palm oil samples was determined by GC analysis
according to AFNOR method NF ISO 17 059.8 Fatty acids were
conventionally extracted using chloroform/methanol mixture, and
converted to fatty acid methyl esters (FAME). FAME were analysed
by GC (Finningan Focus, Restek, France) equipped with a flame
ionization detector and injector, coupled to a digital integrator.
A silica capillary column (CP Sil 88 : 60 mm × 25 mm) was used
with helium as the carrier gas at a flow of 1 mL min−1. The
oven program for palm oil FAME analysis was as follows: the
column temperature started at 4 ◦C min−1 from 100 to 160 ◦C,
then 2 ◦C min−1 from 160 to 210 ◦C, and set around at 210 ◦C
from 18 min. The injection and detector temperatures were both
220 ◦C. The system was calibrated with a standard mixture of fatty
acid methyl esters. Percentages of each fatty acid were obtained
with a data integrator (Logiciel Azur, Thermo Electron Corporation,
Milford, MA, USA) according to our usual procedure.5 FAME were
identified by comparing their relative and absolute retention times
with those of authentic standards of FAME.

Determination of tocotrienol and tocopherol content by HPLC
The standards were dissolved in ethanol for reverse-phase
chromatography. All solutions were prepared in a dark room
and were stored at −20 ◦C protected from light in amber vials
wrapped with aluminium foil.9 – 11 For each isomer, we made
a calibration range prepared in ethanol with the following
final concentrations: α-tocopherol (0.0645–0.258 µg g−1), γ -
tocopherol (0.05–0.250 µg g−1), α-tocotrienol (0.1–0.5 µg g−1),
γ -tocotrienol (0.025–1 µg g−1) and δ-tocotrienol (0.1–0.5 µg g−1).
The internal standard used was δ-tocopherol (0.5 µg g−1). Before
HPLC analysis, the extraction of tocopherols and tocotrienols
from crude palm oils was carried out as previously described by
Pocklington and Dieffenbacker.12 The crude palm oil was placed
in warm water at a temperature of around 40–60 ◦C, until the
oil became a homogeneous liquid. A 10 µL sample of crude oil
was then diluted in ethyl acetate (5 mL). The internal standard δ-
tocopherol (10 ng) was added to a 40 µL aliquot of this dilution, and
the mixture was extracted and evaporated dry under nitrogen.11

Dry residue was diluted in the solvent (200 µL methanol) used for
HPLC analyses.

Tocopherol and tocotrienol profiles of the four oil palm species
were analysed by the procedure described by Forzy et al.,13

using electrochemical detection–reverse-phase HPLC (Model 201,
Precision Instruments, Kyoto, Japan) connected to an integrator
(Waters 746, Saint-Quentin en Yvelines, France). The pump for
mobile phase delivery (Waters 510), with a Rheodyne injection
valve (ICS R77251, Cotati, CA, USA) was connected to a C18
column (ODS 2, 250 × 2 mm, Waters). We carried out manual
injections with a 5 µL syringe. Automated run was programmed
for 18 min.11 Elution was carried out with an isocratic mobile phase
system consisting of a mixture of methanol–water (80 : 20, v/v)
at a flow rate of 0.2 mL min−1. This mobile phase also included
lithium perchlorate (3 g L−1) and acetic acid (1 mL L−1). The mobile
phase was degassed and filtered using hydrophilic polypropylene
membrane filters (47 mm, 0.45 µm (Pall Corporation, East Hills, NY,
USA). Compounds were identified by electrochemical detection
and were monitored by the difference of potential between
electrode and analytical parameter solution. The potential used
was 0.80 mV. To quantify the different compounds, we used the
straight-line equation resulting from the calibration curve by the
ratio of the peak areas obtained for different isomers in the test
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sample and the peak areas obtained for the δ-tocopherol standard
according to concentration. The sum of all isomers calculated thus
gave the total vitamin E content.11

Determination of carotene content by HPLC
Carotenes were extracted from the crude palm oil samples
after saponification reaction as described by Tan et al.14 The
total carotene content was then determined using the estab-
lished method of UV-visible spectrophotometry (absorbance at
446 nm).15 The identification of different isomers was carried out
by HPLC according to the method reported by Bueno.16 The
carotene profile was analysed using reversed-phase HPLC (Waters
510, Saint-Quentin en Yvelines, France), with UV-visible detector at
450 nm (Waters 2487) and an isocratic solvent system consisting
of methanol–isopropanol–isooctane (90 : 7:3, v/v/v) and a data
acquisition system. Two columns (Nova-Pak C18; 3.9 × 150 mm
packing with a pore size of 15 nm and H5-C18-15 F; 150 × 4.6 mm
packing with a pore size of 30 nm) were coupled to achieve good
resolution, with a flow rate of 1 mL min−1.

Statistical analysis
All analyses were carried out at least in triplicate by variety and
the results are reported as mean values ± standard deviation.
Differences among means of variety groups were tested using a
one-way ANOVA test at an alpha level of 0.05. Tukey–Kramer post
hoc pairwise comparison tests17 were used to test for differences
between specific variety groups. Tukey–Kramer tests were used
for pairwise comparisons because of the unbalanced design.
Statistical analysis was performed using Stata Software V10.0
(2007 edition, StataCorp, College Station, TX, USA).

RESULTS AND DISCUSSION
Characterization of FAC
Data presented in Table 1 show the FAC of oil palm species from
Côte d’Ivoire. Total saturated fatty acids were in the range of 40%
(HP1) to 52% (HP2). In all varieties, the major saturated fatty acids
were palmitic (C16 : 0) – largely higher than in other oils – and
stearic (C18 : 0), while the hypercholesterolaemic myristic acid
(C14 : 0) was at a low level. Nevertheless, their proportions varied
significantly for the four varieties: e.g., variety HP2 was richer in
palmitic acid (45%), whereas its content of stearic acid was lower
(6%). These values were within the range of results previously
published for red palm oils.18 – 20 Varieties HP3 and HP4 had
approximately equal amounts of palmitic (35%) and stearic acids
(7%). HP1 variety was less rich in palmitic acid (31%) but had
more stearic acid (9%) than all the other varieties. Unsaturated
fatty acids are very important for human nutrition, (especially
monounsaturated fatty acids (MUFA)). The total unsaturated fatty
acid composition of our palm oil varieties varied significantly,
ranging from 48% to 60%. Oleic acid (C18 : 1 (n-9)) is the largest
MUFA component of palm oil21 in our varieties, ranging from
39% to 50%, particularly higher in HP1 (50%) and substantially
higher than in previous reports.3,18,19 Linoleic acid (C18 : 2 (n-
6)) ranged from 8.5% to 13.4%. It is important to note that for
HP3 the first-order crossing variety, the C18 : 2 (n-6) content was
significantly higher than that of other varieties. Higher content of
polyunsaturated fatty acid (PUFA) is also nutritionally desirable.21

The α-linolenic acid (C18 : 3 (n-3)) and the other PUFA contents
(arachidonic acid C20 : 4 (n-6) and eicosapentaenoic acid C20 : 5
(n-3)) were not significantly different between the four palm oil

varieties. Several studies reported that palm oil has saturated and
unsaturated fatty acids in approximately equal amounts.3,21 – 23 In
our study, the total unsaturated fatty acids of variety HP2 (48.3%)
was like that of the crude palm oil reported previously.3,18 However,
the total unsaturated fatty acids of HP1, HP3 and HP4 (60%, 56.5%
and 57%, respectively) were substantially higher than those of
previously reports.3,18,19 Our varieties are richer in unsaturated fatty
acids (48–60%) than in saturated fatty acids (40–52%) compared
with previous works concerning crude palm oil.3,19,22,23 Variation
of contents observed in our varieties are probably related to both
genetic factors and environmental conditions as described by
other researchers,21,24 – 26 who reported that several agronomic
parameters modify FAC of palm oil, including cultivar, origin and
climatic condition of production. Moreover, it has been reported
that the differences in the FAC of palm oil species could be
advantageous in the choice of palm oils for specific applications;
i.e., palm oil with higher oleic acid content would be more suitable
for vegetable oil processing while, conversely, oil with higher
palmitic acid content could be more useful in soap and detergent
production.19,23

Analytical characteristics of tocopherols and tocotrienols
Data presented in Table 2 show the tocotrienol and tocopherol
contents (µg g−1) of our palm oil species. The range of total
content of vitamin E was from 864 to 1124 µg g−1 and was
higher than that of Sundram et al.,3 somewhat in the same range
as that of Choo et al.27 Tocopherols and tocotrienols are major
antioxidants of vegetable oils, and the main ones of palm oil.3,20

Sundram et al.3,11 reported that the major vitamin E isomers in
palm oil are α-tocotrienol (29% of total tocos), α-tocopherol (28%)
and δ-tocotrienol (14%). The minor isomers are γ -tocotrienol and
γ -and δ-tocopherols. All the palm oil samples had comparable
composition but with significant variation in tocotrienol contents.
The peculiarity of our varieties in comparison to that of other
studies22,23,28 is the higher content of tocotrienols, especially
α-tocotrienol and γ -tocotrienol in HP2. This rich content of
tocotrienols presents beneficial effects for health: many studies
have reported that tocotrienols of palm oil exhibit many biological
functions, such as anticancer, cardioprotection, natural antioxidant
properties (in particular, they delay the time when oxidation in
the oil will have proceeded far enough to produce noticeable
off-flavours and/or odours).29 – 34

In our study, the α-tocopherol contents for all four varieties,
ranging from 72 to 142 µg g−1, are in concordance with that
reported by previous findings.3,27 There were significantly higher
contents of α-tocopherol in HP1 and HP2 compared with the
two crossing hybrid varieties (HP3 and HP4). On the other hand,
the γ -tocopherol content did not undergo significant variations
between HP1 and HP2 and hybrid varieties (HP3 and HP4). It is
well known that the presence of tocopherols (especially α and γ )
involves a great advantage because of their beneficial biological
role as radical quenchers in vivo, their contribution to the stability
of palm oil35,36 and many other biological functions, which are well
documented.9,18,20,22 Primary known factors that affect vitamin E
composition especially and oil composition in general include
latitude and climate, as reported by different authors.24,26

Variation in carotene content
Table 3 shows the carotene content (µg g−1) of our crude palm
oil species. Carotene is one of the most important functional
components in crude palm oil, mainly responsible of its rich
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Table 1. Fatty acid composition (FAC) of palm oil species from Côte d’Ivoire. All results are expressed as a percentage of total fatty acid fraction

Palm oil species

Fatty acid (%) HP1 HP2 HP3 HP4

Myristic acid 14 : 00 0.260 ± 0.010a 0.911 ± 0.045b 0.348 ± 0.009c 0.615 ± 0.023d

Palmitic acid 16 : 00 31.1 ± 0.3a 45.0 ± 0.6b 36.5 ± 0.3c 35.3 ± 0.3d

Palmitoleic acid 16 : 1 (n-7) 0.053 ± 0.001a 0.113 ± 0.007b 0.094 ± 0.005c 0.069 ± 0.000d

Stearic acid 18 : 00 8.83 ± 0.08a 5.93 ± 0.08b 6.92 ± 0.09c 7.06 ± 0.05c

Oleic acid 18 : 1 (n-9) 49.6 ± 0.3a 38.8 ± 0.4b 41.6 ± 0.2c 45.1 ± 0.2d

Linoleic acid 18 : 2 (n-6) 9.16 ± 0.03a 8.46 ± 0.10b 13.40 ± 0.14c 10.88 ± 0.06d

γ -Linolenic acid 18 : 3 (n-6) 0.531 ± 0.012a 0.473 ± 0.011b 0.599 ± 0.021c 0.507 ± 0.005a,b

α-Linolenic acid 18 : 3 (n-3) 0.279 ± 0.001a 0.293 ± 0.005b 0.358 ± 0.007c 0.366 ± 0.005c

Eicosatrienoic acid 20 : 3(n-9) 0.034 ± 0.004a 0.027 ± 0.006a 0.031 ± 0.001a 0.030 ± 0.005a

Dihomo-γ -linolenic acid 20 : 3 (n-6) 0.083 ± 0.002a 0.081 ± 0.002a 0.122 ± 0.008b 0.087 ± 0.001a

Arachidonic acid 20 : 4 (n-6) 0.002 ± 0.002a 0.001 ± 0.000a 0.001 ± 0.001a 0.002 ± 0.001a

Eicosapentaenoic acid 20 : 5 (n-3) 0.008 ± 0.016a 0.000 ± 0.000a 0.003 ± 0.005a 0.000 ± 0.000a

Total saturated fatty acids 40.2 ± 0.2a 51.8 ± 0.6b 43.8 ± 0.3c 43.0 ± 0.3c

MUFA 49.6 ± 0.3a 38.9 ± 0.4b 41.9 ± 0.2c 45.1 ± 0.2d

PUFA (n-3) 0.29 ± 0.02a 0.29 ± 0.01a 0.36 ± 0.01b 0.37 ± 0.01b

PUFA (n-6) 9.78 ± 0.04a 9.02 ± 0.11b 14.12 ± 0.16c 11.47 ± 0.06d

Total PUFA 10.10 ± 0.03a 9.34 ± 0.12b 14.52 ± 0.17c 11.87 ± 0.07d

Total unsaturated fatty acids 59.7 ± 0.3a 48.3 ± 0.5b 56.5 ± 0.2c 57.0 ± 0.3c

MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
Mean ± SD (n = 3); significant differences in the same row are shown by different letters (P < 0.05).

Table 2. Changes in the tocotrienol and tocopherol composition of different palm oil species studied (µg g−1)

Palm oil species from Côte d’Ivoire

Vitamin E contents (µg g−1) HP1 HP2 HP3 HP4

α-Tocotrienol 237.7 ± 6.3a 348.3 ± 6.3b 298.0 ± 6.8c 349.6 ± 5.0b

γ -Tocotrienol 405.0 ± 9.0a 515.1 ± 7.3b 437.7 ± 7.0c 400.5 ± 8.3a

δ-Tocotrienol 43.4 ± 6.1a 100.0 ± 4.4b 76.4 ± 5.8c 78.1 ± 4.5c

β-Tocotrienol n.d. n.d. n.d. n.d.

γ -Tocopherol 36.7 ± 6.3a 19.0 ± 3.2b 34.0 ± 5.6a,c 28.2 ± 3.0c

α-Tocopherol 141.2 ± 6.0a 142.0 ± 4.7a 72.3 ± 6.7b 122.7 ± 7.5c

β-Tocopherol n.d. n.d. n.d. n.d.

Total 864.1 ± 24.5a 1124.4 ± 14.5b 918.5 ± 15.7c 979.1 ± 18.9d

n.d., not detected. δ-Tocopherol was used as internal standard.
Mean ± SD (at least n = 3); significant differences in the same row are shown by different letters (P < 0.05).

orange-red colour.36,37 The range of total carotene varied widely
(832–3575 µg g−1, with an average of 1950 µg g−1). The total
carotene content of HP2 was 832 µg g−1 and similar to that found in
previous reports.3,15,23 Moreover, HP1 and its two crossed varieties
have significantly higher content of total carotene than HP2. Yap
et al.15 and Tan et al.23 reported, on the one hand, that the major
carotenoids in palm oil are β- and α-carotene, which account for
90% of the total carotenoids, and on the other hand that carotene
content of an oil is actually a measure of its β-carotene level.15,21

We reported three main isomers of carotenoids, namely α- and
β-carotene and one undefined peak, which could be one of the
11 hydrocarbon carotenoids reported by Tan et al.14 However, β-
carotene accounted for 580–2390 µg g−1 of the total carotenoids
with a significant predominance in HP1 (1321 µg g−1) and in its
two hybrids, HP3 (1061 µg g−1) and particularly HP4 (2390 µg

g−1). HP1 and its two hybrids (HP3 and HP4) also contained a
significantly higher level of α-carotene than HP2 (211, 181 and
583 µg g− 1, vs. 110 µg g−1). HP4 particularly had a richer orange-
red colour compared to the other varieties. Although we have not
identified the undefined peak, results reported here agree with
previous work15,21,23,37 concerning the carotenoid profile of palm
oil. Future work will focus on identification of this undefined peak
with the aim of having a complete carotenoid profile of our crude
palm oil species. The study of carotene constituents of palm oil is
very useful on account of its dietary and medical properties. Apart
from contributing to dietary energy, red palm oil, the common oil
from African countries and Asia, is the richest natural source of
β-carotene, an important vitamin A precursor in human nutrition,
and provides the major source of vitamin A in many developing
countries.4,38 – 40
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Table 3. Ranges in content for carotenoid profiles of palm oil species studied (µg g−1)

Palm oil species from Côte d’Ivoire (µg g−1)

Carotene contents HP1 HP2 HP3 HP4

α-Carotene 210.9 ± 4.2a 109.90 ± 1.9b 181.1 ± 2.4c 582.9 ± 6.8d

β-Carotene 1321 ± 7.1a 580.0 ± 5.7b 1061.1 ± 8.0c 2390 ± 6.4d

Undefined peak 330.1 ± 5.8a 142.0 ± 4.2b 283.5 ± 4.1c 602.1 ± 6.3d

Total carotene 1862 ± 7.3a 831.9 ± 5.5b 1525.7 ± 2.1c 3574.9 ± 2.5d

Mean ± SD (at least n = 3); significant differences in the same row are shown by different letters (P < 0.05).

CONCLUSION
The current study demonstrated that the varieties of palm oil
species from Côte d’Ivoire exhibited a wide variability in fatty
acid composition and in carotene, tocopherol and tocotrienol
content. Thus some major conclusions arise from the present
study: first, the richness in total unsaturated fatty acids and
carotene content of palm oil varieties from ‘Lamé’ origin (HP1)
and the two hybrids (HP3 and HP4); second, the beneficial effects
of crossing, particularly in tocopherol and tocotrienol contents (we
noticed that the levels were higher as the crossings were made).
Crossing seemed to be useful in improving the performance of
the base collection materials. The increasing interest in medical
applications of minor constituents of palm oil makes their isolation
and characterization crucial. Palm oil, one of the world’s most
widely consumed vegetable oils and a proven non-toxic food, is an
important source of phytonutrients,23,41 particularly polyphenolic
compounds. This adds to our previous report that the long-term
consumption of crude palm oil could be regarded as a protective
factor against oxidative stress, particularly in antioxidant-deficient
areas.5
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