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ABSTRACT

The use of plant materials as the source of oil and functional foods is becoming more important with the
new trends and scientific research. In this study, fig (Ficus carica) seed, which is a rarely found, seed and its
oil, have been studied to determine the phytochemical properties for possible applications. Fig seeds were
obtained from Aydin, Turkey. The oil was extracted by the cold press method. The seeds were analyzed for oil
yield, protein, ash, ash insoluble in hydrochloric acid and trace elements. The oil was evaluated for fatty acid,
sterol compositions by GC and the volatiles were analyzed with GCMS, tocopherols analyzed by HPLC,
total phenolic content and antioxidant activity were determined spectrophotometrically. The oil was also
evaluated for free fatty acid (FFA), refractive index (RI), peroxide (PV) and p-anisidine value. The results
showed that F carica has 22.7% oil yield and was characterized by linolenic (41.27%), linoleic (30.06%),
and oleic acids (18.10%). Total phenolics were 79.5 mgGAE/100 g, and nine different sterol components
were analyzed and f3-sitosterol was at the highest rate. Theo-3-y-8 tocopherol content was 6.088, 0.18, 634,
18 mgkg'!, respectively. Antioxidant capacity was 52.54%. Fenchone, cymene, styrene d-limonene, linalool,
camphor were found as important volatiles. Quality parameters were FFA (% oleic acid) 0.90, RI (40 °C)
1.4721, PV (meq O,/kg oil) 2.2, p-anisidine 2.22. As a result, F carica oil can be an alternative oil source and
a good option for functional foods with their rich contentof phytochemicals. For the future, more studies

need to be done for both the seeds and the oil for further applications.
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INTRODUCTION

Ficus spp. is one of the important plants which represents
a source since ancient times for food and health. Its
importance is remarkable enough as to be in religious
sacred texts.” Ficus (Moraceae) comprises one of the
largest genera of angiosperms worldwide with more than 800
species of hemiepiphytes, trees, climbers, shrubs, creepers?
and these are grown in different parts of the world with
subtropical climates, especially in Southwest Asia and the
Mediterranean region.*°

Figs are one of the fruits that have been studied the most.
The fruit’s primary and secondary metabolites, nutritional
value and health benefits have been evaluated in detail
and the data from traditional medicine have supported
the significance of this plant. The researchers showed that
consuming dried fig on a daily basis is believed to keep
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up body strength by supplying the daily requirement of
vitamins in a natural way.>®’ Pharmacological reports
stated that figs are used for many different purposes with
a wide range of health benefits including antipyretic, anti-
inflammatory, antiplatelet, antihelmintic, hepatoprotective,
hypoglycemic, hypocholestrolemic, anticancer, antituber-
culosis, and antioxidant effects.»>#-12 1t also is used for
insomnia, anxiety!?, eye vision problems, and loss of
appetite. 14

Although fig plants have been subjected to various
studies, most of the phytochemical and health studies have
been issued on fruits, leaves, stems and roots of the fig. >>7
Only a few researches have been conducted on the fig seeds
and their cold pressed oil. E carica seeds and their cold
pressed oil may be considered to be rarely found commercial
products as the sustainability of the seeds is very low and
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cold pressed oil production is very limited. Therefore this
study has focused on these less studied parts of the fig
plant to evaluate the possibility of alternative usages of the
fruit for value-added products from which the fruit and oil
manufacturers and the related industries may benefit. 1°

In this study, Ficus carica seeds from Aydin, Turkey and
their cold pressed oil are evaluated for their phytochemical
and physicochemical properties. To be able to reveal the
dietary importance of fig seed oil, the cold press method
is preferred for oil extraction. Cold press method is
recommended for the minor oils, since no organic solvent or
heat treatment were used during the process, phytochemical
and sensory properties of oil, and beneficial components for
health are protected.!®-!® The fig seeds have been analyzed
for oil yield, trace elements, protein, total ash and ash
insoluble in hydrochloric acid. The fatty acid and sterol
compositions, total phenolics, tocopherol compositions,
antioxidant capacity, and volatile components of the oil are
determined. The cold pressed oil also was evaluated for free
fatty acid content, refractive index, peroxide and p-anisidine
value. To the best of our knowledge, this is the most extensive
study about the fig seeds and their oils including volatile
components.

MATERIAL AND METHODS

Seeds and oil samples

Seed samples were supplied from local orchards in the Aydin
Region. The Sarilop variety of the figs was dried naturally,
and their seeds were separated from the flesh and other
impurities in its place by the grower. Seeds are extracted
by using the cold press method. The oil extraction process
was completed at Zade Vital Pharmaceuticals Inc. under
GMP conditions. The process temperature was lower than 40
degrees Celsius and no heating application or any chemicals
were used.

Chemicals

Chemicals were analytical or chromatographic grade, with
trademarks J.T. Baker and Sigma-Aldrich. For all analysis
Millipore ultrapure water (Type I) was used.

Protein, Total Ash, Ash Insoluble in Hydrochloric Acid

Total protein content was determined by using the Kjeldahl
method. Protein content was calculated with the general
factor (6.25).!° Total ash analysis was completed according
to EP 8.0 method 2.4.16%° and for ash insoluble in
hydrochloric acid analysis EP 8.0 method 2.8.1.%!

Trace elements

Trace elements analysis was conducted by ICP-OES using
standard methods.?” According to the method 0.5 g fig
seed was weighed and 7 mL HNO3 65% and 1 mL H,0O,
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30% was added. A microwave oven (Milestone Ethos One)
was used for digestion of samples. The microwave digestion
application was done with parameters which are shown in
Table 1. The sample was cooled down for a period of time
until the samples temperature reached 25°C. After dilution
to 200 mL, the sample was analyzed by ICP-OES (Shimadzu
ICPE-9000).

Table 1: Microwave program for digestion of samples

Step Time T1 T2 P Power
1 00:15:00 200°C 110°C 45bars Max power
2 00:15:00 200°C  110°C  45bars Max power

Fatty acid methyl esters (FAME) analysis, Sterol
Composition

A fatty acid methyl esters (FAME) analysis was conducted
according to COI/T.20/Doc. No 33 for olive oils method.?*
70 mg sample of oil was used for the analysis. Fatty acids were
identified by retention time. The standard A 37 component
mixture of FAME (Supelco) was used for determination of
retention time. The area ratio, which is under the relevant
peak, was used for the quantitative analysis. The calculation
has been completed by using area normalization procedure.
As an instrument the Shimadzu 2010 Plus GC-FID system
was used. The column chosen was a Restek Rt 2560 capillary
column (100 m x 0.25 mm ID x 0.2 um). The injection
and detector temperatures were set at 250°C and 260°C,
respectively. The temperature program was as follows; the
oven temperature was held at 140°C for 1 min and then
increased to 240°C at a rate of 4°C/min and held for 5 min.
The split ratio was at 1:100. Sterol analysis was completed
according to EP 8.0 2.4.23 sterols in fatty oil with the
Shimadzu GC-2010 Plus.**

Phenolic Extraction

Phenolic extraction has been conducted according to the
method given by Ferhat et al.?> The methanol extract has
been prepared by weighing 1 g of fig seed oil into a centrifuge
tube and adding 1 mL of methanol/water (80/20, v/v) into
the tube. After stirring the mixture in a vortex apparatus
(10 min), the tube was centrifuged (3800 rpm, 15 min) to
separate the methanol layer. The extraction has been done
twice.

Determination of total phenolic content (TPC)

Total phenolic content of the methanol extracts was
determined by using the method given in the literature by
Ferhat et al.?> For determination of total phenolic content,
0.5 ml of methanolic extract solution, 5ml distilled water
and 1 mL Folin-Ciocalteu reagent were added to the test
tube respectively and the tube was shaken. After 4 minutes,
0.8 ml of Na,CO3(7.5%) solution was added into the tube.
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The mixture was left for 2 h with intermittent shaking.
Absorbance of the mixture was measured at 640 nm. Each
assay was carried out in triplicate.

The following equation which was obtained from the
standard gallic acid graph is used to calculate the concen-
trations of phenolic compounds:

Absorbance = 0.006 gallic acid (mg) - 0.021 (R2=0.969)

Tocopherol Content

For tocopherol analysis the method described by Celenk et
al %6 was used. The column chosen was Lichrosorb Si 60, 250
x 4.0 mm for the HPLC analysis. The analysis was completed
by using hexane/2-propanol (99,5/0,5) (v/v) as mobile phase,
injection volume was 20 uL at 25+1 °C, the flow rate was
0,8 mL/min. All the injections were triplicate for each of the
concentrations of tocopherols. The Tocopherol Set (Merck)
was used as a standard which includes a four-vial pack
containing @, f3, 7, and 8-tocopherols. The data of peak areas
are used for calibration graphs. The data from corresponding
concentrations, the excitation at 290 nm wavelengths and the
emission at 330 nm were used for calculation of the linear
regression equations.

DPPH free radical-scavenging assay

The free radical scavenging activity was determined by
the DPPH assay spectrophotometrically.?> According to
the method, 1.95 ml of DPPH (0.025 mg/ml) prepared
in anhydrous methanol was added into 50 ul of sample
methanolic solution. The absorbance was measured thirty
minutes later, at 515 nm. In the results, higher free radical
scavenging activity was found related to lower absorbance
of the reaction mixture. The following equation is used to
calculate the capability of scavenging the DPPH radical:

DPPH  radical  scavenging effect (%) =

A control—A sample
A control x 100 B
With respect to the terms of the formula above, “A o101

is defined here as the first concentration of the DPPH and
“Asample” is defined here as the absorbance of the remaining
concentration of DPPH with the extract.

»

Volatile oils

Volatile compounds were identified by using the gas
chromatography technique coupled with mass spectrometry
(GC-MS). The instrument employed was a Shimadzu GC-
MS with mass selective detector which is the QP 2010 plus
model. The chromatographic column was Restek Rxi-5ms,
thickness was 0.25 um, length was 30 m, and the internal
diameter was 0.25 mm. The used oil sample amount was
not less than 1 mL, and the compounds were identified by
comparing the database library of the GC with the mass
spectra obtained. The amounts of volatile components were
determined by the analysis instrument, using the area of
each peak for integration and calculation results were given
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as percentages. Chromatographic conditions were set as
column oven temperature to 40°C, injection temperature
to 250 °C, injection mode was split, total flow was 40,8
mL/min, column flow was 1,80 mL/min and split ratio was
20. The oven temperature program was as follows: the oven
temperature was held at 40°C for 3 min. It was then increased
t0 240°C at a rate of 4°C/min and held stationary for 5 min. %’

Free fatty acids (FFA), peroxide value (PV), refractive
index (RI) and p-anisidine Value

The free fatty acid (FFA) content was analyzed according
to EP 8.0 method 2.5.128, and the peroxide value (PV) was
calculated with EP 8.0 method 2.5.5.%° The refractive index
was determined by using EP 8.0 method 2.2.6°° and Rudolph
J57WR, and for p-Anisidine value A.O.C.S Official Method
Cd 18-90 was used. ! The p-Anisidine values were calculated
using the following equation: p-A.V.=25*(1,2As-Ab)/m.3?

RESULTS

Oil content, Protein, Ash, Ash Insoluble in
Hydrochloric Acid, Trace Elements of the Fig Seeds

E carica seeds have been evaluated for their cold pressed
oil content, protein, ash, ash insoluble in hydrochloric acid,
potassium, calcium, sodium, magnesium and iron. The oil
yield of fig seed with the cold press method was found at
22.7 %. Protein, ash and ash insoluble in hydrochloric acid
values were found in our study as 14.65%, 2.6 g and 0.2 g,
respectively. Potassium, magnesium and calcium were the
main trace elements in the dried fig seeds (Table 2).

Table 2: Trace Elements of Fig Seeds

Element Amount (mg/100 g)
Potassium 430.0

Magnesium  227.9

Calcium 98.28

Sodium 39.3

Iron 10.6

Fatty acid methyl esters (FAME) composition

Fig seed oil fatty acid methyl esters (FAME) composition
are found most abundantly in polyunsaturated fatty acids
(PUFA) and monounsaturated fatty acid (MUFA) with
41.27% alpha linolenic acid, 30.06 % linoleic acid and 18.10%
oleic acid (Table 3).%3

Total phenolic content, s terols

Total phenolic content of the cold pressed fig seed oil was
found to be 79.5 mgGAE/100 g in our study and sterol
analysis showed that beta-sitosterol was the most abundant
components and total sterol was 6519.40 mg kg-1 (Table 4).
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Table 3: Fatty Acid Methyl Ester Composition of Fig Seeds Oil

Fatty Acid %
Palmitic acid C16:0 6.81
Palmitoleic acid C16:1 0.06
Margaric acid C 17:0 0.06
Stearic acid C18:0 2.82
Oleic acid C18:1 (n-9) 18.10
Linoleic acid C18:2 (n-6) 30.06
Gamma linolenic acid C18:3 (n-6)  0.18
Alpha linolenic acid C18:3 (n-3) 41.27
Arachidicacid C20:0 0.19
Eicosenoic acid C20:1 (n-9) 0.26
Eicosadienoic acid C20:2 0.03
Behenic acid C22:0 0.08
Lignoceric acid C24:0 0.03
MUFA 18.42
PUFA 71.54
TSFA 9.99
TUFA 89.96
MUFA/PUFA 0.25
TSFA/TUFA 0.11
©-6/® -3 (18:2/18:3) 0.72

MUFA: Monounsaturated fatty acids; PUFA:
Polyunsaturated fatty acids; TSFA: Total saturated
fatty acids; TUFA: Total unsaturated fatty acids

Table 4: Sterol Composition of Fig Seeds Oil

Sterol %
Beta-sitosterol 64.45
Delta-5-avenasterol 19.55
Delta-7-avenasterol ~ 4.91
Cholestanol 2.97
Campesterol 2.90
Stigmasterol 2.11
Delta-7-stigmasterol ~ 1.24
Sitositanol 1.15
Clerosterol 0.66

Total sterol 651.94 mg 100 g!

Tocopherol content and a ntioxidant capacity

E carica seeds oil have been analyzed for their tocopherol
content and in the results «, 3, ¥, O-tocopherol were
detected. The results were for a-tocopherol 6.088 mg kg™,
B-tocopherol 0.18 mg kg'!, y-tocopherol 634 mg kg'!, &-
tocopherol 18 mg kg! and total tocopherol was 658.27
mg kgl. y-tocopherol has the most abundant content
exceptionally while B-tocopherol has the lowest range.
According to the free radical scavenging activity (DPPH)
analysis the antioxidant capacity of the oil was determined
at 52.54%.

Ustun-Argon et al.

Volatile oils

Ninety-fourdifferent components are determined in the
Cold pressed oil of E carica seeds and major volatiles are
shown in Table 5.

Free fatty acid, peroxide value, refractive index and
p-anisidine

Physicochemical properties of fig seed cold pressed oil found
for free fatty acid (FFA), the peroxide value (PV), the
refractive index (RI)(40 °C) and p-anisidine were 0,90%
oleic acid, 2.2 meq O/kg oil, 1.4721 and 2.22 respectively.

Peroxide value, free fatty acid and p-anisine levels were
within the acceptance levels for edible oils

Table 5: Major Volatile Components of Fig Seed Oil

Volatile Oils Amount (%)
Isobutyl acetate 4.49
1-Propanol, 2,2-dimethyl-, acetate 241
Hexanal 2.50
2-furancarboxaldehyde 1.51
1-Butanol 3-methyl acetate 17.02
Butanoic acid, 3-methyl 1.23
Styrene 18.57
Butanoic acid, 3-methyl, ethyl ester, 1.10
1-Butanol 2-methyl acetate 6.38
Tetraethylammonium bromide 1.18
Isobutyl (3-(methylthio)propyl) carbonate ~ 2.11
Benzaldehyde 2.25
Heptane, 2,2,4,6,6-pentamethyl 2.94
Fenchone 0.26
2,4-heptadienal 2.90
4-Pentenoic acid 3-hydroxy- ethyl ester 1.23
Acetic acid, hexyl ester 0.54
Benzylamine 0.30
Cymene 0.70
D-limonene 6.59
Linalool 0.70
Camphor 0.07
DISCUSSION

Either cultivated or wild, fig fruits or the trees have been
used as one of the main ingredients of traditional medicine.
In the present study, we investigated some phytochemical
and physicochemical properties of fig seeds and their cold
pressed oil, in a way different from the other studies. The
seeds’ oil content, protein, trace elements, ash and ash
insoluble in hydrochloric acid have been determined. Also
cold pressed oil has been analysed for fatty acids methyl
esters, antioxidant capacity, volatile oil content , tocopherol,
total phenol, sterols, free fatty acids, peroxide value,
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refractive index and p-anisidine. In this study phytochemical
properties of Ficus carica seed and its oil are evaluated
extensively. Comparing the oil yield of cold pressed fig
seed with other studies showed similarities. Joseph and
Raj” described the dried seeds’ fixed oil content as 30%,
Hssaini et al. reported the oil content of four different fig
seeds cultivars from Morocco changing between 21.54-29.65
%.'° Different fig seeds from Turkey resulted with lower
or similar oil yields as 14.08, 18, and 23.67% for different
cultivars.>*¢ Our results are comparable with the other
studies about figs and also were comparable with the studies
about the other fruit seeds oil content such as blackcurrant
(16.5-30.4%), gooseberry (15.6-35.2%), lime (22.1-31.9 %),
passion fruit (18.5-30.4%), pear (16.3-31.7%), redcurrant
(22.8-30.1%) %, pumpkin (27.83-45.4 %), honeydew (25.0-
32.3 %), water melon (22.1-36.65%).3® The amount of oil
and oil components of the seeds may differ with various
factors such as variety, climate, origin, ripeness level, size,
pollination factor and extraction processes. 1> Since the fig
seeds samples show an important oil yield, the seeds maybe
evaluated as a good source of oil and be commercialized as a
value added product.

In our study protein content of the fig seeds was found
at 14.65%. Vinson** reported the protein content of 100 gr
dried figs as 3.14 g. For fresh figs these values were 0.72-
0.74.%! In another study, protein content was 0.64-0.72 g for
fig peel, 7.88-8.11 g for pulp. > Nakilcioglu Tas*® determined
the protein content of the fig seeds between 14.74-15.07%.
Comparing the protein content with other seeds, rambutan
seed protein content (12.4 %) was the most similar seed with
fig seed.®

The results of ash content and ash insoluble in hydrochlo-
ric acid were 2.6 g and 0.2 g, respectively in the current study.
Other studies reported the ash content for peel as 3.80-4.73 g
and for pulp 3.23-3.53 g, 2.99% for fig seed,***? 0.83-1.12%
for fresh figs*! and similarly for mango seed at 2%.® Our
results are similar with the fig seed samples. The reasons
for the difference in the amount of ash content especially
compared with the fresh figs, might be related with the jelly-
like meat which is not found in our dried and cleaned seed
samples. Higher ash content can indicate higher amounts of
minerals having constructive effects on health.*

Potassium, magnesium and calcium were the main trace
elements in the dried fig seeds in this study. Vinson*
found the nutrients in 100 g of dried figs for calcium
133.0 mg, potassium 609 mg, sodium 12.26 mg and also
showed that dried figs almost have as much calcium (53
mg) as oranges (62 mg) have. Nakilcioglu Tas*® stated
calcium (185.67-190.42 mg kg™!), potassium (166.73-172.83
mg kg!) and phosphorus (178.36-186.21 mg kg!) were
the major minerals, while copper and manganese were the
trace elements for the fig seeds. Also the United States
Department of Agriculture (USDA) data stated that dried
figs are richer in calcium, copper, potassium, magnesium
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and manganese.® In a study it was mentioned that mango
seeds are rich in terms of calcium (10.21-111.3 mg/100g),
magnesium (22.34-94.8 mg/199g) and potassium (22.3-
158.0 mg/100g).** Comparing the results of this study with
other studies, the main recurring minerals in other studies
are similar to our study, but the individual main minerals’
amounts vary as percentages of overall content according to
the different varieties of figs. Evaluating the results in terms
of trace elements, fig fruits and seeds are excellent sources for
a mineral-balanced diet to support the body in many ways
from transmitting nerve impulses to structuring bones. 3644

Fatty acid methyl esters (FAME) composition

Polyunsaturated fatty acids (PUFA) and monounsaturated
fatty acid (MUFA)* were the most abundant components
in FAME composition. Comparing this study with the other
studies of dried figs, linolenic acid was found to be the
most predominant fatty acid with 53.1%, linoleic acid 21.1%,
palmitic acid 13.8%, and oleic acid at 9.8%.* The studies
with latex showed that the fatty acid composition mostly
contains palmitic (21.4%), arachidic (44.1%), and behenic
acids (13.1%). Latex contains mostly saturated fatty acids
(161.77 mg/kg), MUFA (5.89 mg/kg), PUFA (14.59 mg/kg).
[1.5] Our results are compatible with two other studies about
fig seed oil. These studies showed that the main saturated
fatty acids were palmitic acid (3.57-7.40% and 8.53-9.05%)
and stearic acid (2.97-3.73% and 2.59-3.30%). Arachidic,
behenic, margaric and lignoceric acids were determined to
exist in trace levels. In terms of unsaturated fatty acids,
linolenic acid (37.87-41.80% and 38.43-43.57%), linoleic
acid (31.80-37.95% and 28.90-34.51%) and oleic acid (16.82-
17.79% and 13.43-15.64%) were found with the highest
values, similar to our study. MUFA value (18.42%) of this
study was higher than the other two studies, PUFA (71.54%)
was lower and TSFA (9.99%) was within the ranges of the
other two studies. !> The saturated fatty acid profile of this
study was similar to guava and melon seeds 0il*®*° and
linolenic acid content of the fig seed oil might be considered
to be similar to raspberry, bilberry and elderberry.®” Since
the @-6/w-3 rate (0.72) was lower, fig seed oil might be
recommended for a healthy diet and can be evaluated as a
new source for -3 fatty acids.

Unsaturated fatty acids (89.96%) and a lower rate of ®-
6/w-3 are responsible for many important functions in the
body. The studies show that linoleic and linolenic acids,
which are included with polyunsaturated fatty acids, are
responsible for converting the eicosanoids-hormone like-
substances to be in different physiological reactions such
as the immune response and blood clotting.* By reducing
low-density lipoprotein cholesterol and blood pressure
level, oleic acid also has an important supportive function
with coronary heart problems.*® Even though the fatty
acids ranges are different, the unsaturated and saturated
fatty acids ratios were found similar with other studies.
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These differences can be related to different environmental
conditions such as geographical difference, climate change
and other factors like genetics, and plant species.

Total phenolic content

Total phenolic content of the cold pressed fig seed oil was
found to be 79.5 mg GAE/100 g in our study. Other studies’
results from different cultivars of dried fig extract were 11.7,
10.1 and 14.8 mg chlorogenic acid equivalents/g,*’ from
stem 539.17 £+ 3.21 mg GAE/100 g, from root 573.06 +
2.74 mg GAE/100 g, from leaves 531.76 & 4.90mg GAE/100
g,*® from overall fresh fruit 1,090-1,110 mg GAE/100 g.*°
Another study, which subjected the peel and pulp separately,
found the total phenolic content for peel in the range of 4.78-
5.76 mgGAE/g sample and 1.92-2.67 mgGAE/g sample*?
and level of total phenolics for E carica stem extracts was
133 mg GAE/g.'? In a study from a Turkish region for
different E carica fruits, total phenolic content was analyzed
for Bursa siyahi, Karabakunya, Sarilop and Sultan Selim
and these were 37.2941.558, 33.55+1.559, 28.2541.446,
25.47+0.936 mg GAE g-1 respectively.* A study from
Turkey determined the total phenolic content of fresh and
dried figs and the results were 199.52-307.64 mg GAE/100
g and 81.77-212.36 mg GAE/100 g respectively.®® Hssaini
et al.'> reported the phenolic content of four different
cultivars’ seed soil between the range of 69.83 and 100.99
mg GAE/100 g and Ozyurt®! reported phenolic content
of commercial fig seed oil as 654.73 mg GAE/Loil. Our
results were similar to dried fig and fig seed oil phenolic
contents. As can be seen in different studies, which are
conducted with different parts of figs (roots, root bark, stem
wood and bark, leaves, branches, fruits, and seeds), phenolic
compounds are found to be very widely different. These
compounds are responsible in fruits for specific functions
and sensory properties such as color and flavor. At the
same time phenolic compounds are very important and
popular with their health-promoting effects especially for
their antioxidant, free-radical scavenging, and antiprolifera-
tion/antiprogression actions properties. >’ Ficus species are
an excellent source of phenolic compounds.!! Especially fig
fruits are accepted as having higher amounts of phenolic
compounds compared with tea and red wine which are two
well-publicized sources for phenolics*® and some studies
demonstrated that fresh figs contain lower phenolic amounts
than dried figs*” while some others showed that the phenolic
content of dried figs is lower than fresh figs.>°

Sterols

Total sterol was found 6519.40 mg kg-1 in our study with
some other sterol components (Table 4). Other studies
which are focused on different parts of fig fruits sterol
compositions have demonstrated different results. A study
which was focused on the extract of E carica latex com-
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position found betulol (327 mg/kg), lupeol (2827 mg/kg),
lanosterol (2634 mg/kg), lupeol acetate(1989 mg/kg), B-
amyrin (1197 mg/kg), B-sitosterol (10567 mg/kg), and -
amyrin (76 mg/kg). Within the results, f8-sitosterol (54%)
was the highest sterol compound while -amyrin (0,4%) was
the lowest > In another study, which subjected San Francesco,
Citrullara, and Dottato cultivars of dried E carica, sterol
composition was found to contain campesterol (0.2-1.0%),
stigmasterol (1.6-1.9%), stigmasta-5,23-dien-3-o0l (0.2-2.4%)
and f3-sitosterol (1.5-10.3%) with the highest rates.*’ Jeong
and Lanchance’s study? about different parts of the figs
(fruit, bark, stem, pith) found four sterols as campesterol,
stigmasterol, sitosterol and fucosterol. While fucosterols
were analyzed only in fruits, sitosterol had the highest level
in all parts of the fig. Total sterol contents of some seeds
oils also show similarity to our results such as date palm
kernel oil (336.1-788.4 mg 100 g'), gooseberry seed oil
(586 mg 100 g'!) and grape seed oil (156-10596.2 mg 100
g1).%” Comparing the other results with our study, the
sterol composition ranges were similar with the dominance
of beta-sitosterol. The sterols also have been reported in
seeds, seed oils, roots, stems and branches, leaves and
blossoms in different studies and the total amounts of
sterols were not equal and the proportions were different in
various parts of a plant or a tree.* As the phytosterols are
important for cholesterol elimination in the body, cellular
processes and also participation in cellular differentiation
and proliferation,*’” fig seed oil can be considered as a
valuable source for sterols.

Tocopherol content

E carica seeds have been analyzed for their tocopherol
content and in the results «, f, ¥, 6-tocopherol were
detected in different levels. The results were similar in
order of contents with the Baygeldi et al. study but slightly
different in amounts in which 7y-tocopherol was 391.89
mg/100g, &-tocopherol was 7.65 mg/100g, o-tocopherol
was 4.6 mg/100 g.*> Some studies about tocopherols also
have been conducted for different parts of the fig plant. The
fig leaves have been found with a low level of a-tocopherol
on dried weight (0.0570%).%> The fig fruit a-tocopherol
content was 0.34 mg/100 g and y-tocopherol was 0.38
mg/100 g.> Although fig fruits can be considered as being
with a low level of tocopherols compared with the other
fruits such as raspberries or peaches, fig seeds oil can be
classified as a good source of tocopherol similar to with
some other seeds such as blueberry (260.6 mg/kg) and
marionberry (978 mg/kg).”* Since the tocopherols have
beneficial effects on health along with other components
of oils such as phenolics, sterols and fatty acids,*” with its
phytochemical structure fig seed oil can be a functional
component in different food applications. >
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Antioxidant capacity

Antioxidant capacity of fig seed oil was found at 52.54%.
Hssaini etal. ! evaluated the DPPH radical scavenging activ-
ity of four different fig cultivars’ oil (C11A21, Bourjassotte
noir, C7A14 and White Adriatic) and the results were in
a range between 226.46-294.36 mg Trolox equivalent/g oil.
In the study of Imran®® for F. benjamina they found the
DPPH, ICso analysis results for stems at 50.10 £ 3.23 ug
mL1, for roots at 58.81 + 4.50 ug mL! and for leaves at
49.86 + 3.39 pg mL!. Loizzo* found the DPPH assays
results for three different cultivars of the fig at 22.6, 38.2,
41.3 ugmL ' and for its honey at 11.6 ugmL!. Ersoy and
others*’ have studied four different E carica cultivars in
Turkey and found the DPPH values for the fruits as 1.20,
1.26, 1.42, 1.49 mg sample mg™'. The study with the co-
products of fig found the DPPH (for 100mg/mL) for peel
between 57.56-87.35% and for the pulp between 28.97-
46.03%. *’Following the results above, E carica seed oil
showed similar antioxidant activity with elderberry seeds. >
The DPPH radical scavenging assay is commonly used on
free radicals to determine the scavenging potential of an
antioxidant. The studies generally employed this analysis for
different parts of figs but not for oil. Comparing with other
results, which are shown, the antioxidant capacity of fig and
its cold pressed oil can be considered to be a good antioxidant
with its capacity. Since the antioxidants are accepted to
decrease the risks of chronic diseases, a fig seed oil rich
diet with natural antioxidants might be a proper choice for
preventing oxidative damages and degenerative diseases. '°

Volatile oils

Ninety-four different components are determined in
E carica seeds oil in this study (Table 5). The other
studies isolated different volatile compounds for fig fruits
(pulps and peels) such as “aldehydes: 2-methylbutanal,
3-methyl-butanal, hexanal, heptanal, (E)-2-pentanal,
nonanal, and octanal, alcohols: 3-methylbutanol, 1-penten-
3-o0l, (E)-2-nonenol, benzyl alcohol, and phenylethyl
alcohol, ketone: 6-methyl-5-hepten-2-one, esters: ethyl
salicylate, methyl salicylate, and methyl hexanoate,
monoterpenes: 0O-pinene, limonene, fB-pinene, menthol,
eucalyptol, linalool, sesquiterpenes: copaene, o-cubenene,
T-muurolene, f-caryophyllene, germacrene D, and 1-
cadinene, norisoprenoid: f3-cyclocitral, and miscellaneous
compounds: eugenol” >*” The leaves of F carica have
different volatile compounds which are classified as follows:
“Aldehydes: methylbutanal, (E)-2-pentanal, hexanal,
and 2-methylbutanal, (E)-2-hexanal, alcohols: 3-methyl-
1-butanol, 1-penten-3-ol, heptanol, 2-methylbutanol,
(E)-2-nonen-1-ol, benzyl alcohol, and phenylethyl alcohol,
ketone: 3-pentanone, esters: methyl butanoate, methyl
hexanoate, hexyl acetate, ethyl benzoate, and methyl

salicylate, sesquiterpenes: o¢- guaiene, ¢t-cubenene, copaene,
o-ylangene, f-elemene, o-gurjunene, [-bourbonene,

Ustun-Argon et al.

B-cubebene, B a-caryophyllene, oc-caryophyllene,
aromadendrene, 7T-cadinene, T-muurolene, germacrene D,
o-muurolene, and (+)-ledene, monoterpenes: limonene and
menthol, norisoprenoid: B-cyclocitral, and miscellaneous
compounds: psoralen”.” Each study shows different volatile
compounds for different parts of figs and these studies
generally focused on leaves and fruits. Considering the
analyses employed for fruits, the results that we found in
our study show similar and also some different compounds
at the same time.

Free fatty acid, peroxide value , refractive index and
p-anisidine

Physicochemical properties of fig seed oil were within
the acceptance levels for edible oils in the current study.
Comparing with other cold pressed seed oils, peroxide
value was lower than cherry seed oil (18.80 mEqO,/kg oil),
pomegranate seed oil (9.20 mEqOx/kg oil), apricot seed oil
(25 mEqO»/kg oil) and coffee bean oil (26.34 mEqO,/kg oil).
Free fatty acid value of fig seed oil was also lower than the
cold pressed oils mentioned above.”! The refractive index
was very similar with other fruit seed oils.**>’

CONCLUSION

Ficus spp. has been known as a food and therapeutic
remedy since a very early time in history. Ancient sources
and modern texts, mention about the various usages of
fig plants. Both the seed and the oil were found to
be very rich in healthy phytochemicals such as volatile
oil, phenolic components; fatty acids, other chemicals
possessing antioxidant activity; tocopherols and minerals
of high nutritional value. Therefore, its consumption can
be encouraged in a daily diet and also in supplements by
health professionals for special treatments such as macular
degeneration or natural anti-aging remedies.
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