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Abstract: The composition of oil, major lipid classes and the constituent fatty acids of  the  African  walnut
seeds from 4 weeks after anthesis (WAA) to seed maturation were assessed in this study. The oil was extracted
with n-hexane using soxhlet extractor and characterized by using gas chromatography. Fatty acid profile
showed a saturated acid content of between 38.0–41.3% and unsaturated fatty acid content of 58.0–60.1%. The
predominant fatty acids were palmitic acid, oleic acid, linoleic acid, stearic acid and docosahexaenoic acid
(DHA). The major phospholipid was phosphatidylcholine (PC) accounting for about 65.2% of the total fatty
acids, followed by phosphatidylinositol (PI) 25.0%, while lysophosphatidylcholine (LPC) and
phosphatidylserine (PS) remained as traces throughout the development of the seeds. The seed sterol lipids
major components were sitosterol (80.0%) and campesterol (12.2%) of the total sterol lipids. The triacyglycerides
(TAG) content of the seeds increased from 18.6% (4 WAA) to 72.5% (20 WAA), as diacylglycerides (DAG) and
free fatty acids decreased. Hence, African walnut seeds maturity was accompanied by changes in the
proportions of lipids fractions and increased in TAG. Based on the changing pattern of lipids fractions with
seeds maturity, possible pathways of TAG synthesis have been proposed.

Key words: Tetracarpidium conophorum  Anthesis  N-hexane  Gas chromatography  Docosahexaenoic
acid

INTRODUCTION A bitter-taste is usually observed upon drinking

The contribution of fruits to a healthy and nutritious attributed to the presence of alkaloid and other anti-
diet the world over is a well-established fact. African nutritional factors in raw T. conophorum nuts [4]. The
walnut (Tetracarpidium conophorum) is a well known seeds are used in processing waste in livestock feed
plant in West Africa. The fruits are edible and the bark, formulation [5, 6]. Walnuts are considered as herb in
leaves, stem and roots are used in ethnomedicinal practise traditional Chinese medicine. They are said to tonify
against diseases [1]. kidneys, strengthen the back and knees, moisture the

Walnut comprises such families as Juglandaceae intestines and move stool. It is believed to stop asthma
(English walnut), Euphorbiaceae (African walnut) and and prescribed to be taken for asthmatic treatment but not
Olacaceae (African walnut). Each family has its own for acute asthma, it is used by elderly as a constipation
peculiar characteristics but they have some things in cure. The bark is used in tea as laxative and chewed for
common such as the nuts. Juglandaceae is mostly found tooth ache. It helps to prevent high blood pressure [6].
in the Southeast Europe to Japan. Tetracarpidium The leaf extract of the T. conophorum is used in male
conophorum (family Euphorbiaceae) is found in Nigeria fertility agent [7]. Two isolectins, agglutinnin I and
and Cameroon while Coula edulis (family Olacaceae) is agglutinnin II have been characterized from the seed
found in Congo, Gabon and Liberia [2]. African walnut is extract of the plant. The leaf extract possess antibacterial
cultivated principally for the nuts which are cooked and and antifungal activities [7]. Walnuts extracts possess
consumed as snacks, along with boiled corn [3]. anticancer property and reduces diabetic complications

water immediately after eating the nut and this is
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[6]. Although the chemical composition of the plant are Calculations:
known, but information concerning the lipid classes and
fatty acid composition during maturation is lacking. This % Crude Fat (W/W) = [Loss in Weight Sample/Original
work attempt for the first time, to discuss the sequence of Weight of Sample] x100
oil accumulation for 20 WAA with special consideration
to fatty acid, sterol lipids, phospholipids composition and Fatty Acid Determination: Fatty Acids were determined
TAG synthesis. according to the method of Manni and Caron, [8] as

MATERIALS AND METHODS to methyl esters by refluxing for 1 hour with methanolic

Ethical Approval: Ethical approval was gotten from Ondo on a 6820 gas chromatography (GC) system (Agilent
West Local government council and University of Technologies). A FFAP capillary column (185°C
Medical Sciences ethical committee for all the protocols temperature) was used, 30 m × 250 µm × 0.25 µm (Quadrex
and environmental consideration. Corporation). Carrier gas–nitrogen, flow 1.0 ml/per min,

Plant Materials: Matured fruits of Tetracarpidium (20°C/min, 10 min), injector –250°C, detector –300°C. The
conophorum were collected from private farm land in samples were dosed by a HT 300A automatic dosing
Ondo-Laje Town. The fruits were authenticated by the device at an injection size of 1 µl of 5-10% heptane of
Department of Botany, University of Medical Sciences, methyl esters using the split method and a 30:1 splitting
Ondo City. A voucher specimen of each plant (FHI ratio. The needle was then withdrawn and noted the
110179)  was  there  after deposited in the herbarium of the formation of a small peak on the chart paper due to
same Department. solvent making start reference point. 

Sample Preparation: Forty fruits were collected randomly was analysed in the operating conditions as those
from each of the studied trees at biweekly intervals employed for the sample and the retention times for the
starting from the fourth week after fruit set until common fatty esters were measured. The resulting peaks
senescence. The collected fruits were cleaned with a moist for the sample were identified from the graph. Fatty acids
soft cotton wool and then the seeds were carefully appeared on the chart in increasing number of carbon
separated from the fruits. Part of the separated pulp and atoms and increasing unsaturation. 
nut were immediately used for the moisture content and Phytosterol lipids analyses were determined
oil extraction, while the remaining part was dried at 65°C according to the standard method of AOAC 994.10 [10],
for 4 hrs in an oven, crushed with a  laboratory  mortar Phospholipids were determined according to Raheja et al.,
and pestle and kept in a well labelled air tight polythene [11] and glycerides analysis followed the procedure of the
bags or screw-capped bottles at 4°C for subsequent ASTM [12].
biochemical analysis.

All reagents used were of analytical grade purchased RESULTS AND DISCUSSION
from Sigma Chemicals Co, London and BDH Chemicals
Ltd., England. Table 1, 2 and 3 shows  the  fatty  acid  composition

Oil Extraction: The soxhlet extraction method was Tetracarpidium conophorum revealed high concentration
employed. The  sample  (5g)  was  weighed  into a of palmitic acids as the major saturated fatty acid as well
weighed  filter  paper  and  folded   neatly.  This was as oleic acid and docosahexaenoic acid in the matured
placed inside the pre-weighed thimble (W ). The thimble fruits (20 WAA). However, myristic, palmitoleic, stearic,1

with the sample (W ) was inserted into the soxhlet stearic isomer and linoleic acids were present in reduced2

apparatus  and  extraction  under reflux was carried out levels. The alpha-linolenic (ALA) content of T.
with the n-hexane (40-60°C boiling range) for 6 hours. At conophorum seed oil was found to be lower than that of
the end of extraction, the thimble was dried in oven for soybean, canola and sunflower oils [13, 14]. It has been
about 30 minutes at 100°C to evaporate the solvent then reported that linoleic and alpha-linolenic acids are
cooled in a desiccator and later weighed (W ). The fat essential in diet [15]. Dietary fats, rich in linoleic acid3

extracted from a given quantity of sample was then prevent cardiovascular disorders, atherosclerosis and
calculated. high  blood  pressure  [16]. Linoleic acid is known to lower

reported by Siedlecka et al., [9]. The lipids were converted

H SO  at 70°C. Fatty acid esters (FAME) were analysed2 4

detector–FID, temperature programme used: 60–200°C

The reference standard mixture of known composition

of African walnut seeds between 4–20 WAA.
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Table 1: Fatty acid composition of Tetracarpidium conophorum at weeks 4-20 of fruit development.
Myristic Palmitic Palmitoleic Stearic Stearic isomer Oleic Linoleic

wk LauricC12:0 C14:0) C16:0 C16:1 (Cis9) C18:0 (C18:1 (Cis 6) C18:1 (Cis 9) (C18:2(Cis 9,13)
4 0.44±0.07 4.71±0.30 26.00±0.04 7.30±0.41 12.50±0.06 4.11±0.13 20.7±0.31 5.80±0.83
6 0.42±0.09 4.97±0.04 25.70±0.31 6.50*±0.81 1.30*±0.13 4.90±0.35 21.90±0.46 6.60±0.09
8 0.44±0.79 3.50*±0.38 21.80*±0.23 7.20±0.31 8.10±0.38 5.40*±0.41 23.80*±0.08 7.31*±0.12
10 0.22±0.34 4.80±0.84 21.20*±0.04 5.80*±0.81 8.40±0.07 5.20*±0.64 25.20*±0.78 8.60*±0.08
12 0.30±0.94 2.60*±0.03 22.90*±0.07 6.90±0.41 11.60±0.34 14.80±0.34 10.13*±0.08 7.90*±0.49
14 0.50±0.02 3.90*±0.05 25.30*±0.81 6.60±0.04 10.30*±0.11 6.00*±0.02 22.20*±0.38 4.51*±0.36
16 0.60±0.15 4.40±0.01 26.00±0.07 4.70*±0.08 7.30*±0.01 6.50*±0.91 24.10*±0.41 4.32*±0.68
18 0.20±0.34 4.30±0.01 28.90±0.13 4.80±0.65 7.80*±0.18 7.91*±0.41 16.91*±0.54 3.11*±0.08
20 0.30±0.61 4.40±0.81 29.00±0.31 4.7±0.17 7.80*±0.08 8.02*±0.03 14.30±0.04 2.80*±0.31
Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4.

Table 2: Fatty acid composition of Tetracarpidium conophorum at week 4-20 of fruit development. 
Ecosanoic ALAC18:3 EDAC20:2 Behenic DGLAC20:3 ErucicC22:1 ArachidonicC20:4

Week C20:1 (Cis 11) (Cis9,12,15) (Cis11,14) C22:0 (Cis 8,11, 14 (Cis 13) (Cis5,8,11,14)
4 1.81±0.04 1.20±0.31 ND 1.10±0.06 1.30±0.06 1.30±0.06 1.11±0.01
6 1.71±0.06 1.20±0.04 ND 0.60±0.54 1.31±0.13 1.31±0.04 1.20±0.07
8 1.90±0.13 1.10±0.08 ND ND 1.40±0.09 1.42±0.04 0.90±0.06
10 4.50±0.37* 1.20±0.81 ND ND 1.30±0.07 1.31±0.09 1.10±0.01
12 1.52±0.89 1.22±0.03 0.41±0.16 ND 0.91±0.51 0.90±0.01 0.91±0.06
14 1.42±0.34 1.50±0.70 0.40±0.01 ND 0.80±0.06 0.82±0.11 0.62±0.81
16 2.00±0.06 1.30±0.14 0.61±0.11 ND 1.20±0.01 1.21±0.01 1.11±0.01
18 1.90±0.08 1.32±0.56 0.60±0.81 ND 1.20±0.06 1.20±0.17 1.20±0.03
20 1.72±0.03 1.31±0.41 0.50±0.16 ND 1.10±0.07 1.20±0.03 0.70±0.06
Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4.

Table 3: Fatty acid composition of Tetracarpidium conophorum at weeks 4-20 of fruit development.
GLAC18:3 EPAC20:5 NervonicC24:1 DHAC22:6

Week (Cis6,9,12) (Cis5,8,11,14,17) (Cis 15) (Cis 4,7,10,13,16) %Unsaturation %Saturation
4 1.20±0.01 1.43±0.12 ND 8.91±0.34 61.50±2.04 38.90±0.9
6 1.30±0.12 1.30±0.01 ND 8.80±0.81 56.70±1.16* 43.11±1.31*
8 1.41±0.34 1.51±0.27 ND 13.51±0.04* 65.60±1.23* 33.81±2.10*
10 1.30±0.44 1.91±0.03 ND 14.20±0.03* 64.21±1.09* 34.51±1.39*
12 1.21±0.22 1.30±0.06 ND 12.80±0.04* 62.00±2.06 37.00±0.88*
14 0.82±0.01 1.70±0.04 0.50±0.04 11.90±0.07* 59.31±1.91 40.00±1.46*
16 0.83±0.34 2.60±0.34* 0.50±0.03 13.71±0.07* 60.11±0.87* 38.30±3.01
18 1.10±0.06 2.50±0.34* 0.30±0.07 12.51±0.02* 58.01±0.31* 41.30±0.91*
20 1.20±0.11 2.61±0.06* 0.60±0.06 12.40±0.06* 59.31±0.63* 41.60±0.84*
Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4.

cholesterol levels and provide anticancer benefits [17]. conophorum nut oil. DGLA is usually elongated from
Some deficiency symptoms of linoleic acids are ezema, GLA and  is   cyclooxygenated   by  cyclooxygenase
loss of hair, liver degeneration, sterility in males, (COX)  to   prostaglandins   of   the  1-series  (PGE1)
miscarriage in females [18]. and/or metabolized   by   the  15-lipoxygenase  (LOX)

This study showed that T. conophorum is rich in into15-(S)-hydroxy-8,11,13-eicosatrienoic acid (15-HETrE)
omega-3 fatty acids which include: alpha linolenic acid [19]. These two oxidative metabolites  of  DGLA  have
(ALA), eicosapentaenoic acid (EPA) and been found to exert clinical efficacy in a variety of
docosahexaenoic acid (DHA); omega-6 fatty acids which diseases,  including  suppression  of chronic
include: linoleic acid, arachidonic acid (AA), gamma inflammation, vasodilation and lowering of blood
linolenic acid (GLA), dihomo-gamma linolenic acid pressure, inhibition of smooth muscle cell proliferation
(DGLA); and omega-9 fatty acids which include: oleic associated with atherosclerotic plaque development,
acid, eicosenoic acid, erucic and nervonic acid. This arresting of cancer cell growth and the differentiation of
indicates the great nutritional and health benefits of T. tumour cells [20].
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Table 4: Phospholipids composition of Tetracarpidium conophorum seed oil week 4-20 of fruit development
Week PEmg/100g  PC mg/100g PSmg/100g LPCmg/100g PImg/100g
4 798.03±0.93 5844.10±0.05 2.54±0.04 2.91±0.16 2311.26±0.46
6 774.21±0.87* 5891.71±1.13* 1.94±0.12* 2.81±0.06 2331.14±0.31*
8 797.73±0.86 5811.77±0.93* 1.57±0.04* 2.67±0.06 2341.18±0.81*
10 789.15±0.15* 5843.96±1.34 1.46±0.06* 2.43±0.17 2324.06±1.09*
12 781.57±0.31* 5901.34±0.61* 1.48±1.04* 2.05±0.41 2344.17±0.14*
14 822.74±0.41* 6062.31±0.71* 1.42±0.06* 1.99±0.28* 2389.11±1.61*
16 801.41±0.04* 5971.16±0.87* 1.44±0.76* 2.18±0.16* 2501.10±0.44*
18 760.40±0.06* 5916.52±0.81* 1.78±0.39* 2.35±0.04* 2576.22±1.60*
20 768.10±0.05* 5946.10±0.43* 1.81±0.41* 2.44±0.01* 2581.25±0.38*
Values are mean ± SEM (* = P<0.05) compared with week 4.

Table 5: Composition of glyceride lipids in Tetracarpidium conophorum at week 4-20 of fruit development
Week MAG% DAG% TAG%
4 11.26±0.08 70.18±0.06 18.56±0.12
6 10.41±0.11* 66.84±1.23* 22.75±0.54*
8 4.58±0.15* 65.44±0.94* 29.98±3.11*
10 4.70±0.06* 64.26±0.78* 30.94±1.09*
12 8.82±0.07* 62.50±0.44* 28.68±1.33*
14 4.91±0.11* 64.20±1.04* 30.83±0.68*
16 62.5±0.24* 59.80±2.21* 48.90±0.87*
18 6.38±0.05* 23.94±1.63* 69.23±1.078
20 5.45±0.03* 22.10±0.93* 72.45±0.85*
Values are mean ± SEM (* = P<0.05) compared with week 4.

Clinical and epidemiological studies have established were synthesised while the amount of TAGs formed was
that omega-6-fatty acid (linolenic acid, EPA and DHA) low. However, as the fruits mature, there were decreases
collectively protect against coronary heart disease [21]. in stearic, oleic and palmitoleic acids levels with a dramatic
Adequate omega-3-fatty acid consumption has been increase in TAG level. The reductions in the levels of
associated with a significant reduction in the incidence of FFAs with a corresponding dramatic increase in the TAG
Alzheimer’s disease [22]. Nutritional experts suggest that content suggest that most of the available FFAs were
consumption of 6% linoleic acid, 0.75% alpha linolenic incorporated into TAG synthesis. This pattern of
acid (ALA) and 0.25% of EPA and DHA represents synthesis and lipid accumulation was observed in
adequate and available intakes for most healthy adults previous studies of some tropical oil seeds and fruits in
[21]. Nervonic acid is a mono-unsaturated omega-9 fatty which the disappearance of the partial glycerides and FFA
acid, found in the sphingolipids of white matter in human which characterised the immature stage mesocarp lipid
brain and has been identified as important in the coincided with the formation of TAG [24, 25].
biosynthesis of nerve cell myelin [23]. Nervonic acid is Bafor and Osagie [26] reported another possible
used in the treatment of disorders involving mechanism for TAG synthesis in the oil palm fruit
demyelination, such as adrenoleukodystrophy and mesocarp, the glycerol-3-phosphate pathway via
multiple sclerosis where there is a decreased level of phosphatidic acid (PA) acting as a transient intermediate.
nervonic acid in sphingolipids [23]. This is due to the fact that phosphatidic acid (PA), a major

Table 4 shows the composition of glyceride lipids in lipid fraction in some immature oil seed, was not detected
Tetracarpidium conophorum seeds at 4-20 WAA. This in the matured oil palm fruit mesocarp during lipids
study revealed that increase in the synthesis of accumulation. The PA is probably hydrolysed by a
triacylglycerols was accompanied by corresponding specific phosphotidate phosphydroxylase enzyme to give
decrease in the level  of  diacylglycerides  throughout  the a 1, 2-diacylglycerol which is acylated to TAG in a
period of maturation of the oil seeds of T. conophorum reaction that is catalysed by a 1, 2-diacylglycerol
and the pattern of accumulation of triacyglycerides (TAG) acyltranferase enzyme [26]. In support of this is the
indicate possible pathway that may be involved in their dramatic drop in the level of diacylglycerides at 20 WAA.
synthesis. In the immature stage of the seed (4-12 WAA), This  pattern  of  TAG synthesis has been supported as
large amounts of free fatty acids (FFA) characterised with the most widely occurring pathway in most seed tissues
high levels of oleic acid, stearic acid and palmitoleic acid [25, 26].
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Table 6: Sterol lipids in Tetracarpidium conophorum seed oil at week 4-20 of fruit Development.

Cholesterol Cholesta-pol Ergos-terol Campes-terol Stigma-sterol S- ave-nesterol Sitost-erol
Week mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g mg/100g

4 2.49±0.11 4.36±0.81 1.45±0.09 165.30±0.61 75.69±0.05 5.92±0.06 1268.93±0.08
6 2.41±0.13 5.42*1±0.13 3.41*±0.41 169.40*±0.31 84.11*±0.44 14.81*±0.01 1148.71*±0.31
8 2.39±0.07 8.87*±0.34 5.54*±0.14 156.78*±0.36 89.06*±0.06 17.90*±0.71 1058.44*±1.41
10 2.68±0.17 2.98*±0.08 5.79*±0.31 180.15*±0.06 90.71*±0.53 16.65*±0.34 1081.61*±1.36
12 3.02*±0.05 1.92*±0.08 3.76*±0.11 193.23*±1.00 94.54*±0.96 15.68*±0.20 1956.14*±1.41
14 3.51*±0.40 1.81*±0.41 3.12*±0.04 190.44*±1.06 97.81*±0.53 16.01*±0.08 1077.21*±0.71
16 6.11*±0.12 1.28*±0.71 3.41*±0.06 189.73*±0.52 88.46*±0.46 16.81*±0.11 1143.41*±0.81
18 8.17*±0.14 1.24*±0.46 2.07*±0.31 171.30*±0.51 87.72*±0.08 16.94*±0.13 1058.62*±0.14
20 7.17*±0.09 1.41*±0.02 3.16*±0.07 170.89*±0.14 90.44*±0.08 16.73*±0.03 1095.81*±0.07

Data are the average of three replicates ± SEM (* = P<0.05) compared with week 4. 
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