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INTRODUCTION 

The growth in the production of  biodiesel, which is 
principally fatty acid methyl esters (FAME), has been 
phenomenal in the last ten years because of  the general 
desire to cut down on the release of  greenhouse gases into 
the atmosphere, and also as a result of  the increasing cost 
of  fossil fuels. Thus vegetable oil producing countries are 
under pressure to expand production to meet the ever 
increasing demand. At the same time there is also concern 
about the strain on the world’s supply of  vegetable oils for 

food uses as more vegetable oils resources are diverted 
towards production of  biodiesel.[1]

Watermelon (Citrullus lanatus) is taxonomically classified as a 
member of  the Cucurbitaceae family, which is also known 
as the gourd family. Other gourds include pumpkins, 
cucumbers, squash, and other melons. It prefers warm 
climate growing conditions and is produced worldwide 
where conditions permit. Watermelon seeds are consumed 
as snack food worldwide and are used to prepare edible oil 
in some countries. Watermelon seed oil was prepared and 
evaluated for its physicochemical properties.[2,3] The seed 
oil consisted of  59.6% linoleic acid (18:2n-6) and 78.4% 
total unsaturated fatty acids. The predominant fatty acid 
in the oil was linoleic acid, which was followed by oleic, 
palmitic, and stearic acids.

Background: The growth in the production of biodiesel, which is principally fatty acid methyl esters 
(FAME), has been phenomenal in the last ten years because of the general desire to cut down on 
the release of greenhouse gases into the atmosphere, and also as a result of the increasing cost of 
fossil fuels. Objective: Establish whether there is any relationship between two different species 
(watermelon and muskmelon) within the same family (Cucurbitaceae) on fatty acid compositions 
and enumerate the different fatty acids in the two species. Materials and Methods: Extraction 
of fatty acids from the two species and preparation the extract to gas chromatography/mass 
spectroscopy analysis to determine the fatty acids compositions qualitatively and quantitatively. 
Results: The analyzed plants (watermelon and muskmelon) contain five saturated fatty acids; 
tetrdecanoic acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic acid and octadecanoic 
acid with different concentrations, while muskmelon contains an extra saturated fatty acid named 
eicosanoic acid. The watermelon plant contains five unsaturated fatty acids while muskmelon 
contains three only, the two plants share in two unsaturated fatty acids named 9-hexadecenoic 
acid and 9-octadecenoic acid, the muskmelon plant contains higher amounts of these two acids 
(2.04% and 10.12%, respectively) over watermelon plant (0.88% and 0.25%, respectively). 
Conclusion: The chemical analysis of watermelon and muskmelon revealed that they are similar in 
saturated fatty acids but differ in unsaturated fatty acids which may be a criterion of differentiation 
between the two plants.
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Linolenic, palmitoleic, and myristic acids were minor 
constituents. The refractive index, acid value, peroxide 
value, and free fatty acids of  watermelon seed oil were 
determined to be 1.4696 (25°C), 2.82 (mgKOH/g oil), 
3.40 (mequiv oxygen/kg oil), and 1.41 (% as oleic acid), 
respectively. The saponification value of  watermelon seed 
oil was 201 (mg KOH/g oil), and its iodine value was 
115  (g iodine/100-g oil), which was significantly higher 
than pumpkin at 109 (g iodine/100-g oil).[2,3]

Muskmelon, Cucumis melo, is a member of  the Cucurbitaceae 
family and grows best in tropical regions. The pulp of  
the fruit has pleasant flavor and taste, and the seeds are 
generally treated as waste; however, medicinal effects 
have been reported for the seeds.[4,5] Hexane-extracted 
seed oil of  Cucumis melo hybrid AF-522 was determined to 
contain 64g of  linoleic acid per 100g of  total fatty acids. [4] 
Significant amounts of  oleic, palmitic, and stearic acids 
were also detected in the melon seed oil. Earlier in 1986, 
the oil extracted from Cucumis melo seeds and examined its 
physicochemical properties.[5]

Total cholesterol and low density lipoprotein (LDL, “bad 
cholesterol”) concentrations were similar with palmitoleic 
and palmitic acids and significantly higher than with oleic 
acid.[6] High density lipoprotein (HDL, “good cholesterol”) 
was significantly lower with almitoleic than with palmitic 
acid. The study provides evidence that, at least in males 
with high blood cholesterol, a modest increase in palmitic 
acid raises LDL cholesterol relative to oleic acid, even 
when dietary cholesterol is low. Palmitoleic acid behaves 
like a saturated and not a monounsaturated fatty acid in 
its effect on LDL cholesterol. This work is consistent with 
previous observations that palmitoleic acid, among other 
fatty acids available in the diet, may be used by enzymes 
affecting fat oxidation.[7] 

In this study, we aimed to establish whether there is any 
relationship between two different species (watermelon 
and muskmelon) within the same family (Cucurbitaceae) 
on fatty acid compositions and enumerate the different 
fatty acids in the two species.

MATERIALS AND METHODS

Collection of plant materials
The whole plant materials of  watermelon (Citrullus lanatus 
(Thunb.), muskmelon (Cucumis melo) were collected from 
the private fields in Assfan village (60 km East Jeddah). The 
plant materials were ground with blender to fine powder. 
The samples collected early summer 2011 (April 2011) 
and identified through reference samples in the herbarium.

Extraction of oils
The plant samples of  watermelon (Citrullus lanatus), 
muskmelon (Cucumis melo) used in this study were ground 
in a grinder in the presence of  anhydrous sodium 
sulphate and accurately weighed. The ground plant 
materials (approximately 10g for each) were macerated 
with 300 ml of  n-hexane at room temperature for  
2 days, the macerates were shaken occasionally. Following 
filtration of  the organic phases, the n-hexane phases of  
each sample was concentrated in vacuo at 40ºC to obtain 
the oily residue.

Methyl esterification of the fatty acids
Three replicates comprising of  healthy looking plants were 
analyzed. The oils were independently placed in 25 ml of  
volumetric flasks, then saponified by adding 12 ml 0.5 N 
methanolic sodium hydroxide to each mixture, and were 
heated on a steam bath until the fat globules disappeared. 
2  ml of  BF3/MeOH was added to each flask and the 
mixtures were boiled for 2 min. After the solutions were 
cooled down at room temperature, they were filled up to 
25 ml with saturated sodium chloride solution and the 
fatty acid methyl esters (FAMEs) were prepared for each 
sample.[8] The obtained FAMEs were dissolved in n-hexane 
and 1 µl of  samples was injected and analyzed by gas 
chromatography/mass spectroscopy (GC-MS).

Gas chromatography/mass spectroscopy analysis 
conditions
Chromatographic analysis by GC-MS analysis was carried 
out on Agilent HP 6890 Series combined with Agilent 
HP 5973 Mass Selective Detector (GC-MS). The capillary 
column used was Thermo Scientific (TR-5MS Capillary; 
30.0 m × 0.25 mm ID × 0.25 µm film). Helium was used as 
carrier gas at a flow rate of  1.0 ml/min with 1 µl injection 
volume. Samples were analyzed with the column held 
initially at 140ºC for 1 min after injection, then increased 
to 200ºC with 5ºC/min heating ramp with 3.0 min hold 
and increased to 215ºC with 5ºC/min heating ramp for 
5 min. Then final temperature was increased to 240ºC with 
10ºC/min heating ramp for 10.5 min. The injection was 
performed in split mode (20:1) at 270 ºC. Detector and 
injector temperatures were 220°C and 200°C, respectively. 
Run time was 35 min. MS scan range was (m/z): 35-450 
atomic mass units (AMU) under electron impact (EI) 
ionization (70 eV).

Identification of the fatty acids
Fatty acid components of  the oils of  the two plants were 
determined by comparing their retention times to authentic 
fatty acid samples obtained by GC and mass fragmentations 
with those of  mass spectra database search (Wiley 7 n.1 
and PMW_Tox 3.1). 
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RESULTS 

In our study, the fatty acid profiles of  the two vegetative 
plants (watermelon and muskmelon) samples. Saturated 
and unsaturated fatty acids and non-fatty acid compounds 
in the two plants were detected by GC analysis and 
molecular ion (m/z) and identification of  these compounds 
were determined using Mass Specrtroscopy (MS).

The saturated fatty acids composition of  watermelon plant 
were tetradecanoic acid, pentadecanoic acid, hexadecanoic 
acid, heptdecanoic acid and octadecanoic acid with 

retention times 7.28, 8.85, 10.02, 12.00 and 13.60 min, 
respectively [Table 1,  Figures 1a-4]; while the saturated 
fatty acid derivatives were 5, 9, 13-trimethyl tetradecanoic 
acid, 2-methy octadecanoic acid, 2-hexyl cyclopropane 
octanoic acid and 3-pentyl oxirane undecanoic acid with 
retention times 9.56, 11.62, 11.90 and 12.48 [Figure 4]. 
The most abundant fatty acid was hexadecanoic acid 
with concentration percentage 48.36%, followed by 
octadecanoic acid with concentration percentage 12.73% 
[Figures 2 and 4]. The other fatty acids were minor in 
concentrations [Table 1].

Table 1: Saturated fatty acids and their derivatives composition of Citrullus vulgaris (watermelon) and 
Cucumis melo (Muskmelon) detected by gas chromatography/mass spectroscopy

PK RT (min) Name Conc. (%) Similarity (%) Base peak (m/z)
Citrullus vulgaris

1 7.28 Tetradecanoic acid 2.10 98 74
4 8.85 Pentadecanoic acid 0.79 97 74
6 9.56 5, 9, 13-trimethyl- Tetradecanoic acid 0.46 94 74
8 10.02 Hexadecanoic acid 48.36 99 74
11 11.62 2-methyl-Octadecanoic acid, 0.60 90 88
13 11.90 2-hexyl-cyclopropane-Octanoic acid 0.22 94 55
14 12.00 Heptadecanoic acid 1.74 98 74
15 12.48 3-pentyl-oxirane-Undecanoic acid 0.86 53 55, 74
19 13.60 Octadecanoic acid 12.73 99 74

Cucumis melo
1 7.37 Tetradecanoic acid 4.38 98 74
3 9.00 Pentadecanoic acid 1.00 96 74
5 9.75 Tetradecanoic acid, 5, 9, 13-trimethyl 0.70 94 74
6 9.98 Pentadecanoic acid, 14-methyl- 1.44 95 74
8 10.33 Hexadecanoic acid 39.36 99 74
10 11.79 Methyl 2, 4-dimethyltetradecanoate 1.82 46 88
11 12.19 Heptadecanoic acid 2.47 98 74
12 12.40 Eicosanoic acid 2.65 98 74
13 12.60 Nonadecanoic acid, 10-methyl 0.55 91 75
14 13.18 Hexadecanoic acid, 3-hydroxy- 5.72 83 103
17 13.91 Octadecanoic acid 10.45 99 74

Figure 1: Gas chromatography profile for the extract of two the plants Citrullus vulgaris (watermelon) (a) and Cucumis melo (Muskmelon) (b)
ba
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Table 2: Unsaturated fatty acids and their derivatives composition of Citrullus vulgaris (watermelon) 
and Cucumis melo (Muskmelon) detected by gas chromatography/mass spectroscopy

PK RT (min) Name Conc. (%) Similarity (%) Base peak (m/z)

Citrullus vulgaris
7 9.96 9-Hexadecenoic acid 0.88 99 55
9 10.84 9-Octadecenoic acid (Z) 0.25 60 55, 74
12 11.78 9, 12-Octadecadienoic acid (Z, Z) 0.24 74 55
17 13.02 8,11-Octadecadienoic acid 10.76 99 67, 81
18 13.21 9, 12, 15-Octadecatrienoic acid 17.48 99 79

Cucumis melo
7 10.23 9-Hexadecenoic acid 2.04 94 55
15 13.44 9-Octadecenoic acid (Z)- 10.12 99 55
16 13.70 11-Octadecenoic acid 4.00 95 55

The watermelon plant contains five unsaturated fatty 
acids called 9-hexadecenoic acid, 9-octadecenoic acid, 
9,12-octadecadienoic acid (Z,Z), 8, 11-octadecadienoic 
acid and 9,12,15-octadecatrienoic acid at 9.96, 10.8411.78, 
13.02 and 13.21 min retention times, respectively 
[Table 2]. The most abundant unsaturated fatty acid 

was 9,12,15-octadecatrienoic acid with concentration 
percentage 17.48%, followed by 8,11-octadecadienoic acid 
with 10.76% concentration [Figures 2 and 5].

There are 6 non-fatty acid compounds 1-octadecene, 
8-hexadecen-1-ol acetate (Z), 6, 10,14-trimethyl-2-

Figure 2: Mass spectra of the most abundant fatty acids in extracts of Citrullus vulgaris (watermelon) plant. (a) Tetradecanoic acid, (b) Hexadecanoic 
acid, (c) Heptadecanoic acid, (d) 8,11-Octadecadienoic acid, (e) 9,12,15-Octadecatrienoic acid and (f) Octadecanoic acid
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Figure 3: Mass spectra of the most abundant fatty acids in extracts of Cucumis melo (Muskmelon) plant. (a) Tetradecanoic acid, (b) 6,10,14-trimethyl-
2-Pentadecanone, (c) Hexadecanoic acid, (d) Methyl-2,4-dimethyl-Tetradecanoate, (e) Heptadecanoic acid, (f) 3-hydroxy-Hexadecanoic acid, 
(g) 9-Octadecenoic acid, (h) 11-Octadecenoic acid, (i) Octadecanoic acid and (j) 4,8,12,16-tetramethyl-Heptadecan-4-olide
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Table 3: Non-fatty acids compounds composition of Citrullus vulgaris (watermelon) and Cucumis melo 
(Muskmelon) detected by gas chromatography/mass spectroscopy

PK RT (min) Name Conc. (%) Similarity (%) Base peak (m/z)
Citrullus vulgaris

2 8.22 1-Octadecene 0.44 97 57, 83
3 8.68 Z-8-Hexadecen-1-ol acetate 0.27 58 74
5 9.25 2-Pentadecanone, 6,10,14-trimethyl 0.80 98 43
10 11.36 1-Heptadecene 0.30 92 43
16 12.83 Undecane, 4,6-dimethyl 0.20 38 43, 57
20 14.68 2H-pyran-2-one, 6-heptyltetrahydro- 0.53 45 99

Cucumis melo
2 8.31 E-15-Heptadecenal 1.25 98 55, 97
4 9.41 2-pentadecanone, 6, 10, 14-trimethyl 1.96 99 43, 58
9 11.49 1-Eicosene 0.89 98 43, 97
18, 19 14.27, 14.65 4,8,12,16-tetramethylheptadecan-4-olide 9.21 98 99

Figure 4: Fourteen saturated fatty acids found in the two plants Citrullus 
vulgaris (watermelon) and Cucumis melo (Muskmelon)

pentadecanone, 1-heptadecene, 4,6-dimethyl-undecane and 
6-heptyltetrahydro-2H-pyran-2-one, with retention times 
8.22, 8.68, 9.25, 11.36, 12.83 and 14.68 in watermelon plant, 
respectively [Table 3; Figures 1a-6].

The muskmelon plant contained 6 saturated fatty acids 
called tetradecanoic acid, pentadecanoic acid, hexadecanoic 
acid, heptadecanoic acid, eicosanoic acid and octadecanoic 
acid at 7.37, 9.00, 10.33, 12.19, 12.60 and 13.91 min 
retention time, respectively [Table 1; Figures 1b and 4]. 
The most abundant one is hexadecanoic acid with 39.36%, 
followed by octadecanoic acid with 10.45% [Figure 3], while 
the rest of  fatty acids were minor. The saturated fatty acid 
derivatives of  musckmelon plant were 5,9,13-trimethyl 
tetradecanoic acid, 14-methyl pentadecanoic acid, methyl-
2,4-dimethyltetradecanoic acid, 10-methyl nonadecanoic 
acid and 3-hydroxy hexadecanoic acid at 9.75, 9.98, 
11.79, 12.40 and 13.18 min. the most dominant one 
was 3-hydroxy-hexadecanoic acid with 5.72% [Table 1, 
Figure 4].

There are three unsaturated fatty acid in muskmelon plant 
named 9-hexadecenoic acid, 9-octadecenoic acid (Z) 
and 11-octadecanoic acid at 10.23, 13.44 and 13.70 min, 
respectively. The most abundant one is 9-octadecenoic acid 
(Z) with 10.12% [Table 2; Figures 3 and 5].

The muskmelon plant contained four non-fatty acid 
compounds 15-heptadecenal (E), 6,10,14-trimethyl-2-
pentadecanone, 1-eicosene and 4,8,12,16-tetramethyl-
heptadecan-4-olide at 8.91, 9.41, 11.49 and 14.27  min, 
respectively. The most dominant one is 4, 8, 12, 
16-tetramethyl-geptadecan-4-olide with 9.21% [Table 3; 
Figure 6].

DISCUSSION

Fatty Acids are aliphatic carboxylic acid with varying 
hydrocarbon lengths at one end of  the chain joined to 
terminal carboxyl (-COOH) group at the other end. 
The general formula is R-(CH2)n-COOH. Fatty acids are 
predominantly unbranched and those with even numbers 
of  carbon atoms between 12 and 22 carbons long react with 
glycerol to form lipids (fat-soluble components of  living cells) 
in plants, animals, and microorganisms. The terminal carbon 
atom is called the omega carbon atom. The term “omega-3 
or omega-6” signifies that their single solid bond is occurred 
at carbon number 3 or 6 respectively counted from and 
including the omega carbon. Human bodies are not capable 
of  synthesizing omega-3 and omega-6 fatty acids which are 
called essential fatty acids must be obtained through the diet. 
These fatty acids were designated as “Vitamin F”, until it was 
realized that they must be classified with the fats. Fatty acids 
are converted to energy through the process called fatty acid 
oxidation in liver cells. Fatty acids are used as basic building 
blocks of  biological membranes, for long-term energy 
storage (the major components of  triglycerides) as well as 
for the precursors of  eicosanoid hormones.[9-12]
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mannii (egusi melon), Cucurbita maxima (pumpkin or squash 
gourd), Cucurbita moschata (musk melón), Lagenaria siceraria 
(bottle gourd or calabash) and Cucumis sativus (“Ibo”egusi). 
The values for the indices are within recommended levels 
for edible oils. These oils have four main fatty acids: 
Linoleic acid, C18:2 (49-69%); oleic acid, C18:1 (9-25%); 
stearic acid, C18:O (7-11%) and palmitic acid, C16:O 
(10- 19%).[14] 

Winter melon (Benincasa hispida), locally known as Kundur, 
is a vegetable crop, popular, especially among Asian 
communities both for nutritional and medicinal attributes. 
According to the GLC analysis linoleic acid (C18:2) was 
established to be the principal fatty acid (63.10-70.64%) 
followed by C16:0 (12.45-17.59), C18:1 (8.46-12.87%) and 
C18:0 (5.13-7.48%). Analysis of  oil sterol fractions, using 
GC and GC-MS, revealed the presence of  β-sitosterol 
(54.62-60.50%), campesterol (15.10-18.50%), stigmasterol 
(11.00-14.30% and Delta(5)-avenasterol (6.40-8.14%) as 
the four main components. Most of  the properties of  the 
seed oils analyzed varied significantly among fruit cultivars 
tested.[15]

Physico-chemical characteristics and fatty acids composition 
of  kakri (Cucumis momordica L.) seeds oil were determined. 
Oil contents, protein contents, moisture content, free fatty 
acid, saponification values, iodine values, refractive index, 
specific gravity, unsaponifiable matter and fatty acids 
composition of  oils extracted from seeds were determined. 
The oil content was 22.22%. The oil consists of  68.16% of  
unsaturated fatty acids and the main fatty acids are linoleic 
acid (52.63%), palmitic acid (21.05%), oleic acid (14.33%), 
stearic acid (10.79%) and linolenic acid (1.20%).[16] 

The seeds from Kundur [Benincasa hispida (Thunb.) Cogn.], 
a fruit vegetable plant with high functional properties 

Figure 6: Ten non-fatty acids found in the two plants Citrullus vulgaris 
(watermelon) and Cucumis melo (Muskmelon)

Figure 5: Six unsaturated fatty acids found in the two plants Citrullus 
vulgaris (watermelon) and Cucumis melo (Muskmelon)

In this study, both two plants (watermelon and muskmelon) 
contained five saturated fatty acids named tetrdecanoic 
acid, pentadecanoic acid, hexadecanoic acid, heptadecanoic 
acid and octadecanoic acid with different concentrations, 
while muskmelon contains an extra saturated fatty acid 
named eicosanoic acid. The watermelon plant contains five 
unsaturated fatty acids while muskmelon contains three 
only, the two plants share in two unsaturated fatty acids 
named 9-hexadecenoic acid and 9-octadecenoic acid, the 
muskmelon plant contains higher amounts of  these two 
acids (2.04% and 10.12%, respectively) over watermelon 
plant (0.88% and 0.25%, respectively).    

Composition of  glyceridic fraction of  four cucurbitaceae 
seed species from congo brazzaville was studied in order 
to evaluate intra et inter specific variability. This is a pre-
condition to any selection work because seeds with lower 
variability lead to constant quality oils. It shows that two 
species (Cucurbita moschata (cm) and Citrullus lanatus (cl)) 
have lowest intra specific variability, considering all of  
fatty acids, fa (cv < 20%). their seeds lead to homogenous 
population. If  one takes in account linoleic acid (c18:2), 
the most important essential fatty acid of  edible oils, this 
variability falls respectively to 20 and 10%; consequently the 
seeds of  the four species (Cucurbita moschata, Citrullus lanatus 
(cl), Cucurbita pepo (cp) and Lagenaria siceraria (ls)) present 
the same nutritional interest. Inter specific variability 
which is higher than intra one, leads to a good separation 
of  the species. Multivariate analysis (analysis in principal 
components (acp), ascending hierarchical clustering (ahc) 
confirms this results and highlights the homogeneity of  
each species seeds and the good discrimination of  the 
different species.[13]

Some chemical properties of  Cucurbitaceae seed oils from 
different areas in Cameroon. These seeds are Cucumeropsis 
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(especially in medicinal treatment), were analysed for 
nutritive parameters (dietary fiber, crude protein, crude fat, 
crude fiber, ash, and energy) and oil fatty acids composition. 
The contents of  crude fat and crude protein were found to 
be 20.70 and 11.63%, respectively. The extracted Kundur 
seed oil mainly consisted of  linoleic acid (C18:2ω6), 
accounting for 67.37% of  the total fatty acids. Other 
important fatty acid detected were palmitic (C16:0), oleic 
(C18:1 cis) and stearic (C18:0) acids with contribution of  
17.11, 10.21 and 4.83%, respectively. The fatty acids profile 
of  the tested Kundur seed oil was quite comparable to 
those of  previously reported cucurbitaceae seed oils and 
some other wholesome oils, revealing that it can be used 
as a potential seed oil crop.[17]

Examination of  lipid extracts from photodegraded 
senescent phytoplanktonic cells demonstrates that 
autoxidation of  vitamin E operated in phytodetritus, 
affording 4,8,12,16-tetramethylheptadecan-4-olide. 
In vitro, autoxidation of  vitamin E is a rapid process under 
environmental conditions.[18]

In order to evaluate the differences and similarities 
between the liposoluble constituents in Cynomorium 
songaricum populations, stem liposoluble constituents in five 
populations of  C. songaricum collected from three different 
geographic regions and four different hosts were obtained 
by solvent extraction and analyzed by GC–MS. Cluster 
analysis of  the percentage composition of  80 compounds 
showed differences in chemical composition which were 
related to the geographic origin rather than the host. 
Hexadecanoic acid was the most abundant compound 
in the essential oils of  C. songaricum from hosts Nitraria 
sibirica and Nitraria tanguticum. Whereas (Z)-9-octadecenoic 
acid was accumulated in the oils of  C. songaricum from 
Zygophyllum xanthoxylum and Peganum harmala. Four of  the 
five populations had characteristic components, which were 
specific to each population.[19]

Sabra et al. [20] investigated that the characteristic 
phytochemical profile of  caffeic acid derivatives, alkamides 
and/or ketones was not affected by salinity. However, 
significant changes in their relative amount were found 
depending on the species and salinity intensity. In contrast, 
in Echinacea pallida, caftaric acid, echinacoside, and major 
ketones 22, 24, 25 and pentadeca-8Z, 11Z-dien-2-one levels 
were reduced at 50 and/or 75 mM NaCl. The highest 
concentration of  salt (100 mM NaCl) reduced the level of  
cynarin, cichoric acid, cichoric acid derivative and alkamides 
1, 3, 6, 7, 8/9 in E. purpurea and caftaric acid, alkamide 2, 
ketones 24, 25 in E. pallida, as well as alkamides 1, 2, 11 in 
E. angustifolia. 

Low oil accumulation was observed during the first 35 days 

after the fruiting (DAF) date (from 1.83% to 2.57%). 
After that, two phases were distinguished (35th until the 
60th and 105th to the 145th DAF), where the rate of  oil 
accumulation increased significantly. At the last stage of  
maturation, the lentisc fruits had the highest percentage of  
lipid content, 42.54%. The changing profile of  fatty acids 
during maturation had been marked mainly by an increase 
in oleic acid content (from 19.49% to 50.72%) paralleling 
a decrease in linoleic acid content (from 42.5% to 21.75%). 
At the 15th DAF, the alpha-linolenic acid was found with 
a maximum of  13.81%. At full maturity, the main fatty 
acids were oleic acid, followed by palmitic and linoleic acid. 
Other fatty acids were present in trace proportions, such as 
palmitoleic, stearic, linolenic, gadoleic and arachidic acid. In 
all stages of  ripening only four sterols were identified and 
quantified. β-Sitosterol was the major 4-desmethylsterol 
in samples tested, followed by campesterol. Cholesterol 
and stigmasterol were detected in trace amounts. During 
the first stage of  ripening, the amount of  total sterols was 
about 5.19/100 g of  oil. It decreased to 0.43/100 g in the 
last stage. Sitosterol and campesterol showed nearly the 
same profile during the ripening of  P. lentiscus fruit which 
could be linked to the relation between these compounds 
during their biosynthesis.[21]

The essential oil composition of  Calendula arvensis was 
established for the first time using GC and GC/MS. 
Eighty-five essential oil components were identified, 
which accounted for 90.3 g/100 g of  essential oil. The oil 
contained a high concentration of  sesquiterpenes, of  which 
δ-cadinene and α-cadinol were the main components. 
The chemical composition of  25 Corsican C. arvensis 
oils was analyzed to determine intraspecies variation in 
essential oil composition. A matrix linking essential oil 
composition to sample location was composed to identify 
relationships between concentrations of  volatile samples 
and the geographical origins of  samples. Two main groups 
of  compounds were identified according to the amount of  
sesquiterpenic compounds (hydrocarbons and alcohols) 
and soil characteristics. Seasonal variation (winter vs. spring) 
in the concentrations of  two major compounds during the 
flowering period was observed.[22]

An isotope labeling study in humans, it was concluded that 
the fraction of  dietary stearic acid oxidatively desaturated 
to oleic acid was 2.4 times higher than the fraction of  
palmitic acid analogously converted to palmitoleic acid.  
Also, stearic acid was less likely to be incorporated into 
cholesterol esters. In epidemiologic and clinical studies 
stearic acid was associated with lowered LDL cholesterol 
in comparison with other saturated fatty acids.[23] These 
findings may indicate that stearic acid is healthier than 
other saturated fatty acids.
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