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ABSTRACT. Ficus carica is a tree that grows in the Eastern Mediterranean and Southwest Asia. It is
among the first cultivated plants by humans. Ficus carica, called figs, has a very large family and more
than 700 known species. Different parts of the plant like its fruit, latex, leaves, and seeds have a very
important medical value. However, studies on fig seed oils are very limited. In this study, the fatty acid
composition of fig seed oils was determined by gas chromatography/mass spectrophotometry (GC/MS).
Total antioxidant activity analysis was made through DPPH (2,2-diphenyl-1-picrylhydrazyl) method and
antioxidant activity value was determined as trolox equivalent (TE). While the total oil yield was
determined as 14.08%, the antioxidant capacity was determined to be 140.19 mg TE/100 g. According to
GC/MS analysis, it was determined that the highest fatty acid was a-Linolenic acid (26.31%), followed by
linoleic acid (24.27%) and oleic acid (19.65%). With these results and limited literature information, it is
clear that figs can be evaluated outside of common consumption.
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INTRODUCTION

The genus Ficus is one of the largest medicinal plants, with more than 750 woody
plants, trees, and shrubs that can grow in subtropical and tropical areas of the World [1].
Ficus is an essential source of genes owing to its nutritional value and high economic
and is a substantial part of biodiversity in the rain forest ecosystem [2, 3].

Ficus carica L., also called as fig, is one of the important members of the genus
Ficus. Fig is one of the first plants that are native to Southwest Asia and the Eastern
Mediterranean and cultivated by humans [4]. Because figs are practical to use and belief
objects, they have special importance for tropical regions. Besides, these plants attract
the attention of many researchers with their biological activities. In traditional medical
systems such as Ayurveda, Unani, Homoeopathy, and Siddha, the therapeutic benefits
of F. carica L. have been emphasized. It is known that these traditional medicine
systems are used in the treatment of many diseases such as cardiovascular, hypertensive,
ulcerative, infectious, and cancer diseases [5, 6].

F. carica L. continues to be cultivated due to its edible fruits. According to TUIK
(Turkish statistical institute) data, it is known that the production in our country was
306.499 tons in 2018. Moreover, according to FAO (Food and Agriculture
Organization) data of 2017 [7], the world fig production in Turkey is in first place with
305 689 tonnes of world production. This is followed by Egypt (177.135 tons),
Morocco (137.934 tons) and Algeria (128.684 tons), respectively. More detailed data
can be found in Fig 1.
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Fig. 1. Distribution of fig production in the world by country (2017) [7]

In the world, fig consumption is in the form of dry and table fresh consumption. Both
dried and fresh figs have high levels of fiber and polyphenols [8, 9]. Besides, it has been
reported by many researchers that dried fruits are an important source of sugar,
vitamins, minerals, protein, organic acid, carbohydrates, and phenolic compounds [10,
11, 12, 13]. Due to these properties, fig has a substantial place among foods and a very
large consumption area. It also has very important antioxidant activities for human
health in terms of many compounds it contains.

Antioxidants are defined as compounds that take place under the effect of
atmospheric oxygen or reactive oxygen species, which can delay or inhibit oxidation
processes. They are employed to stabilize the polymeric products of cosmetics,
pharmaceuticals, petrochemicals, and food items [14].

One of the parts of figs that makes them important both in terms of nutritional values
and health is seeds. These seeds can be large, medium and small, and the number of
seeds per fruit (30 to 1600) varies. There are many edible seeds in one fig and the seeds
are hollow unless pollinated. On the other hand, pollinated seeds give the characteristic
nutty taste of fig. Fig seeds attract researchers' interest due to the rich chemical
compounds they contain [15, 16].

In this study, it is aimed to determine the composition of fig core fatty acids by gas
chromatography/mass spectrophotometry (GC/MS). Moreover, it is predicted that
determining antioxidant capacity will contribute to the literature.

MATERIALS AND METHODS
Material

Fig seeds used in this study were obtained from local companies and kept at room
temperature until analysis.
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Method
Fatty Acid Analysis

The oil extraction of the fig seeds we preserved was made with n-hexane. Analysis of
fatty acids was done according to the method of IUPAC IID19 [17]. Gas
chromatography (GC; Perkin Elmer, Shelton, USA) was used to determine the fatty acid
composition. Flame ionization detector (FID) and column (30 m x 0.25 mm ID, 0.25-
um film thickness) were used for chromatographic separation. The oven temperature
was raised to 120°C (2 min) and 220°C with 5°C / minute and kept for 10 minutes;
Injector and detector temperatures were set at 280°C and 260°C, respectively. The
results are calculated in % with their average deviations.

Total Antioxidant Activity Analysis

Total antioxidant activity analysis in fig seeds was done using DPPH (2,2-diphenyl-
1-picrylhydrazyl) method. Readings were made using a spectrophotometer at a
wavelength of 515nm. The antioxidant capacity of fig seed oil was calculated as trolox
equivalent.

Statistical Analysis

The fatty acid analysis was performed in three replications according to random plot
trial design. The data obtained were analyzed by employing the SAS-JMP statistical
program (SAS Institute Inc., Cary, NC) and variance analysis was performed. The
differences between them are compared with the LSD multiple comparison test.

RESULTS AND DISCUSSION

In this study, analysis of total oil amount, fatty acid composition, and total
antioxidant activity in F. carica L. seeds were performed. According to the obtained
results, the total amount of fat was determined as 14.08%. In the study, the fatty acid
composition was determined by Gas Chromatography (GC) and presented in detail in
Table 1.

Accordingly, it was determined that the highest fatty acid was a-Linolenic acid
(26.31%) followed by linoleic acid (24.27%) and oleic acid (19.65%). All three together
constitute 70% of the total core oil. a-Linolenic acid is an important herbal Omega-3
source. Omega-3 is a very important fatty acid in terms of health and reduces risk
factors for many diseases. Omega-3 fatty acids are defined as anti-inflammatory and
structural essential dietary oils for retinal photoreceptors and nerve tissue [18]. It has
been determined in the analysis that fig seed oil is a vital a-Linolenic acid source and it
has been observed that there are very limited studies in this context. It has been reported
that the amount of a-linolenic acid in other plants is 55% for flaxseed, 10% for canola
oil and 10% for walnut [19, 20].
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Table 1. Fatty acid composition of F. carica L. Seed (Figures in parentheses are
angular transformation values of percentage of response)

Fatty Acid Percentage (%)
1 Palmitic Acid (C16: 0) 15.10¢ (22.86)
2 Palmitoleic Acid (C16: 1) 0.07%(1.51)
3 Stearic Acid (C18: 0) 5.89¢(14.04)
4 Oleic Acid (C18: 1n9c) 19.65¢(26.31)
5 Eleaidic Acid (C18: 1n9t) 0.04' (1.14)
6 Linoleic Acid (C18: 2n6c¢) 24.27°(29.51)
7 a-Linolenic Acid (C18: 3n3) 26.31*(30.85)
8 y-Linolenic Acid (C18: 3n6) 0.119 (1.90)
9 Arachidic Acid (C20: 0) 0.37¢(3.48)
10 Eicosenoic Acid (C20: 1n9c) 0.29" (3.08)
11 Behenic Acid (C22: 0) 0.17'(2,36)
12 Caproic Acid (Cé6: 0) 0.137(2.06)
13 Lignoceric Acid (C24: 0) 0.08%(1.62)
14 Caprylic Acid (C8: 0) 0.56(4.29)
15 Capric Acid (C10: 0) 0.04' (1.14)
16 Myristic Acid (C14: 0) 0.12/(1.98)
17 Undecanoic Acid (C17: 0) 0.08% (1.62)
18 Heptadecanoic Acid (C17: 0) 0.161(2.29)
19 Pentadecanoic Acid (C15: 0) 0.04'(1.14)

LSD: 0,17%**, P<(0.05%* P<0.01** P<0.00]***

In a study on dried figs, Jeong and Lachance found that the most dominant fatty acid
in milled fruits was linolenic acid (53.1%), followed by linolenic acid (21.1%), palmic
acid (13.8%) and oleic acid (9.8%) have determined that [10]. Similarly, Yarosh and
Umarov [21] obtained high linolenic acid (trienic acid) amount from ground fig seeds.

Linoleic acid, one of the other essential fatty acids, is an omega-6 fatty acid. It is one
of the fatty acids very important in determining oil quality. The percentage amounts of
linoleic (omega-6), oleic (omega-9), and linolenic (omega-3) acids among fatty acids in
oil quality are very important. It has been reported that oleic acid is effective in having
the desired frying properties [22] and linoleic acid decreases the level of cholesterol in
the blood [23, 24]. Since oleic acid provides long stability, it has an area of use in the
chemical industry, especially in the food and cosmetics sector [25].

As with many seeds, the total oil yield is very important in fig seeds. Kim et al. [20]
reported the amount of oil in 2 different local fig varieties as 0.31-0.27%. It is a very
low value compared to the fig seed used in this study. It is thought that this difference in
the amount of oil is due to the locality, harvest time, and the variety of figs studied.

In a different study, Hssaini et al. [26] obtained the highest oil content from local
varieties 'C7A14"' (29.65 = 1.21%) and 'C11A21' (28.96 + 0.62%). The lowest oil
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content was observed in 'Borjassoute Noir' (21.54 + 1.71%) and "White Adriatic' (24.71
+ 2.14%) varieties.

Berry [27] determined that the oil content in fresh and boiled durian (Durio
zibethinus Murr) Seeds was 1.8%. He found that about 82% of all seed oil consists of
unsaturated fatty acids.

Taoufik et al. [28] investigated Opuntia ficus indica cactus seed oils of different
origins. They found the oil yields of a total of 17 cactus seeds between 5.4% and 9.9%.
They emphasized that the main fatty acids of cactus oil are palmitic acid (11.6-12.4g /
100g), oleic acid (18.2-22.3g / 100g), and linoleic acid (60.2—64.6g / 100g).

In a review covering the nutritional values of 10 different fruit seed oils, it was
reported that the oil content in the seeds was between 1.8% and 49.0%, and the protein
content was 6% to 40.0%. As in our determination, it has been emphasized in this
review that the varying oil content may be due to differences in plant varieties and
geographical differences [29].

According to the total antioxidant activity analysis, the antioxidant capacity of fig
seed oils was observed to be 140.19 mg TE / 100 g. With the antioxidant capacity value
obtained, it has been proven that it is precious in this respect as well. However, this
value is not stable and may change with many factors. A different study conducted
proves this; while researchers working on light and dark fig fruits found the highest
antioxidant (DPPH) value in the dark-colored Bouankik (45.25%) variety, they
determined the lowest amount in Taghanimt (28.33%) [30]. Accordingly, it is seen that
colors, types, and methods have different effects on antioxidant amounts. In different
studies; It has been emphasized that fruits, for instance, blueberries, blackberries, and
strawberries have high levels of antioxidant capacity due to the high levels of
polyphenol and anthocyanin they contain [31, 32]. Turkey to performing work on
Smyrna figs Halvorsen et al. [33] the total antioxidant amount 0.73 mmol / 100g been
found not. Accordingly, it has been determined that fig seed has less total antioxidant
capacity than pomegranate, grape, and plum, but higher than papaya, mango, apple,
apricot, and banana.

Hssaini et al. [34] compared the morphological and biochemical characteristics of 11
local fig varieties grown in the Moroccan climate. According to DPPH free radical
scavenging capacity, the highest antioxidant value is in '"Nabout' [88.1 & 3.37 mmol TE /
g dw (dry weight)] and 'Breval Blanca' (83.16 = 6.93 mmol TE / g dw) varieties, while
the lowest values are in 'El Quoti Lbied' and They have been observed in "Snowden"
(14.28 £ 1.42 and 14.76 = 1.61 mmol TE / g dw, respectively). The highest antioxidant
activity was obtained with DPPH test.

Having researched the antioxidant activity of different fruits, Reddy et al. [35]
observed that fresh fruits ranged from 32 to 891mg TE / 100g as a result of DPPH
radical scavenging, while the highest antioxidant activity was seen in guava (Psidium
guajava) (891) and the lowest in watermelon (Citrullus lanatus) (32). In dried fruits, the
highest activity was found in walnut (Juglans regia) (1541 mg TE / 100 g) and the
lowest activity in piyal (Pistacia vera) seeds (271 mg TE / 100 g). These results are
quite high compared to our study.

CONCLUSION

In this study, fig seed oil yield was determined as 14.08%. As a result of the analysis
of the fatty acid composition, it was determined that the highest fatty acids were a-
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Linolenic acid, linoleic acid and oleic acid, respectively. It is expected that this study
will be very useful due to the limited number of studies on fig seed fatty acids. It is very
important in terms of completing the deficiency in the literature and providing data on
how fig seed fatty acids can be evaluated in the future. It is suggested that a separate
window should be opened for the seeds of fig fruits, which are mostly evaluated for
human consumption and health. It should not be forgotten that it can be an alternative
source of linolenic acid to other animal and vegetable oils.
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