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Abstract
This study compared the phenolic composition and antioxidant properties of three varieties of fig fruits (Ficus carica L) 
from the Eastern Black Sea region of Türkiye. Total polyphenol content (TPC), total flavonoid content (TFC), and phenolic 
compositions were analyzed in green, purple, and dark purple species. The mean TPC value was 42.10 ± 5.71 mg GAE/100 g 
FW, ranging from 35.98 to 47.30 mg GAE/100 g FW, and was highest in the dark purple species. The mean TFC value was 
1.27 ± 0.93 mg QUE/100 FW g, ranging between 0.35 and 2.21 mg QUE/100 FW g, and was highest in the purple species. 
The samples’ total antioxidant capacity was measured based on ferric reducing/antioxidant power (FRAP), the values ranging 
from 151.98 to 372.97 μmol FeSO4.7H2O/100 g FW, with an average value of 239.64 μmol FeSO4.7H2O/100 g FW, being 
highest in the dark purple species. The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of the fruits was 
expressed as SC50 (mg/mL), and the values ranged from 10.04 to 42.42 mg/mL, being highest in the purple species. The 
phenolic composition was analyzed using HPLC-PDA according to the method in which 25 phenolic standards were used. 
Chlorogenic acid and t-cinnamic acid were the most common phenolic compounds, with rutin, chrysin, apigenin, and luteolin 
being detected at different amounts. In conclusion, the purple species contained the highest flavonoid content, was rich in 
apigenin, luteolin, and chrysin, and possessed the highest DPPH radical scavenging activity.
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Introduction

Fruits are rich in bioactive compounds, including phenolics, 
which exhibit strong antioxidant activity. Consuming fruits 
and their phenolic-rich extracts reduces the risk of chronic 
disease. Understanding the phenolic composition and 
antioxidant activity of berries is crucial for the development 
of functional foods and nutraceuticals that promote human 
health [1, 2].

Figs are represented by the species Ficus carica from the 
genus Ficus of the family Moraceae and order Urticales. 
Ficus carica, consisting of 600 to 2000 different types, is 
primarily cultivated in hot and dry climates, such as those 
in the Middle East and Mediterranean region [3]. The 

most important fig species are Mission, Brown Türkiye, 
Kadota, Bursa siyahi, Sarilop, and Sarizeyek [4]. Türkiye 
is a major exporter of figs, which are grown mostly in the 
Black Sea, Marmara, Aegean, Mediterranean, Southeastern, 
and Central Anatolia regions. The country is home to two 
subspecies of Ficus carica, namely F. carica ssp. carica 
and F. carica ssp. rupestris. Figs are consumed fresh, dried, 
partially dried, or deep-frozen, and sun-drying accounts for 
65% of fresh-weight production [5].

Figs have long been cultivated along the Mediterranean 
coast of Türkiye. However, with the exception of the areas 
of Bursa, Mersin (Mut), and Hatay, specialized orchards 
dedicated to fresh fig production are limited in the country. 
Nonetheless, the Black Sea region provides favorable 
conditions for fig cultivation. [6]. Uslu et al. (2022) identified 
fresh figs and one fig jam, selected from among 44 different 
types of figs grown in the Black Sea area, as promising 
genotypes based on the study objective [7]. Sezen et al. [8] 
found 50 wild fig accessions in Coruh Valley, a biodiversity 
hotspot with unique tree, leaf, and fruit features [8]. The figs 
from this region are known for their distinctive taste, texture, 
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and aroma. Figs in the Black Sea region, figs are generally 
characterized by their small to medium size, tender and 
soft flesh, and sweet flavor. The Mediterranean diet, rich in 
natural antioxidants derived from vegetables and fruits such 
as figs and olives, has been associated with various health 
benefits, including the prevention of coronary heart disease 
and cancer [2]. Figs, both fresh and dried, are a significant 
component of the human diet due to their high levels of fiber, 
trace minerals, antioxidant polyphenols, proteins, sugars, 
and organic acids [4]. These antioxidant polyphenols, such 
as chlorogenic acid, quercetin, rutin, and epicatechin, are 
recognized for their antioxidant activity, which may reduce 
the risk of chronic diseases such as cardiovascular disease, 
cancer, and neurodegenerative disorders [9–12]. A previous 
study found that fig fruit extract possesses a high antioxidant 
capacity and immune-enhancing activities, scavenging 
radicals and increasing clearance rates in normal mice with 
water soluble polysaccharide. This suggests the potential for 
use as a functional food for preventing diseases caused by 
radical overproduction [13].

Limited data are available concerning the phenolic 
composition and antioxidant properties of figs grown in 
the Black Sea region, despite their widespread cultivation 
and use in traditional medicine [14]. While the Black Sea 
region’s climate and soil conditions impact on crop growth 
and quality, investigating fig phenolic composition and anti-
oxidant properties can reveal potential health benefits.

The purpose of this study was to investigate the phenolic 
composition and antioxidant properties of fig fruit grown in 
the Black Sea region of Türkiye. Understanding the specific 
phenolic compounds present in figs from this region, as 
well as their antioxidant activity, can provide valuable 
information in terms if the development of functional foods 
and nutraceuticals capable of improving human health.

Materials and Methods

Plant Materials

This study examined three local fig species (Ficus carica L.) 
from Trabzon, Türkiye, focusing on green, purple, and dark 
purple species. Ten fresh fruits were randomly collected 
from the north, south, east, and west sides of all trees during 
the peak harvest period for each fig species.

Fruit Extraction

The fresh fruits were first weighed and then completely 
crushed whole in a blender before being extracted with 
methanol. Specifically, 50 g of chopped fruit was mixed with 
250 mL of 98% methanol and shaken for 24 h. After passing 
the mixture through Whatman No. 4 filter paper followed by 

Whatman No. 1 filter paper, the resulting extract was stored 
in a deep freeze (−18 °C) until needed.

Physico‑Chemical Analysis

The total soluble solid content (TSS) was determined 
by measuring fresh fruit juice using a digital handheld 
refractometer, the result being displayed as a percentage 
value (Atago, Pr-32A, Japan). Titratable acidity (TA) in 
blender-shredded juice filtrate was measured following the 
methods of the Association of Official Analytical Chemists 
(Mettler–Toledo Inc., Columbus, OH, USA) using an 
automatic titrator [15, 16].

Total Phenolic Content

The Folin-Ciocalteu assay was used to assess the total 
phenolic content (TPC) of the methanolic fig extract 
[17]. A volume of 20  μL of the fig extract was mixed 
with 400 μL of 0.2 N Folin–Ciocalteu’s reagent, and the 
resulting mixture was then diluted to 680 μL with distilled 
water. Next, 400 mL of Na2CO3 (7.5%) was added to the 
mixture, which was then incubated for an additional 2 h 
at room temperature. After a 4-minute incubation period, 
the absorbance of the mixture was measured at 760 nm 
using a Thermo Scientific Evolution TM 201 UV-VIS 
spectrophotometer from the USA. The TPC of the samples 
was determined as mg gallic acid equivalents (GAE) per 
100 g FW sample. A standard curve of gallic acid standard 
was prepared in advance, ranging from 0.01 to 1.0 mg GAE/
mL (y = 4.4364x + 0.0335, R2:0.9983).

Total Flavonoid Content

A spectrophotometric test was used to determine the total 
flavonoid concentration (TFC) [18]. Briefly, to 25 μL 
of the extract were added 50 μL of 10% Al (NO3)3 and 
50 μL of 1.0 M NH4.CH3COO. The mixture was then 
diluted to 3.0 mL with ethanol (99%) and incubated at 
25 °C for 45 min. The absorbance was then measured at 
415 nm. TFC was expressed as mg quercetin equivalent 
(QUE)/100  g FW sample using quercetin standards 
(from 0.031 to 0.5 mg QUE/g), with the line equation 
(y = 5.30x + 0.044, R2:0,995).

Antioxidant Activities

The total antioxidant capacity of the methanolic extract 
was measured using the ferric reducing antioxidant power 
assay (FRAP) method [19]. Fresh FRAP reagent (ferric 
tripyridyltriazine (Fe-III-TPTZ)), FeCl3, and acetate buffer 
solution in 40 mM HCl and 2.5 mL of 20 mM FeCl3.6H2O 
solution were added to a test tube. Three milliliters of the 
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FRAP reagent and 100 μL of sample were then mixed and 
incubated for 4 min at 37 °C. The absorbance was then read 
at 595 nm. Different concentrations of FeSO4.7H2O (from 
1000 to 31.25 μmol/mL) were used to prepare the standard 
curve. The results were expressed as μmol FeSO4.7H2O 
equivalents/100 g FW sample using the curve with the line 
equation (y = 0.0006x + 0.0037, R2:0,997).

The free radical scavenging activity of the extract was 
measured using the method described by Molyneux [20]. 
Briefly, 750 μL of the extract was mixed with 750 μL of 
DPPH radical solution. This mixture was then kept in the 
dark for 45 minutes at 25 °C, and the absorbance was read at 
517 nm. The result was calculated as SC50, lower SC50 values 
indicating higher radical scavenging activity.

Analyses of Phenolic Compositions (HPLC‑PDA)

The phenolic composition of the methanolic extract was 
determined using the reverse phase high-performance 
liquid chromatographic method (RP-HPLC) (Shimadzu 
Corporation LC 20AT, Japan) with PDA and 25 phenolic 
standards. The HPLC-PDA method was validated as 
described in our previous study [21]. A gradient program 
was applied with 70–30% acetonitrile-ultrapure water and 2% 
acetic acid-ultrapure water as the mobile phase. This analysis 
was performed at a flow rate of 20 ml, an oven temperature of 
30 °C, and a flow rate of 1.0 mL/min. Liquid-liquid extraction 
was used to enrich the sample prior to HPLC-PDA analysis 
of the phenolic component. First, the methanolic extracts 
were evaporated (IKA-Werke, Staufen, Germany), and the 
residue was dissolved in distilled water at pH 2. The pH of 
the aqueous extracts was adjusted to 2 with diluted HCl. The 
organic phases were then combined after three extractions 
with diethyl ether and ethyl acetate. The organic phase was 
collected in a flask, and the solvent was evaporated. After 
the residue had been dissolved in methanol, it was passed 
through a 0.45 μm filter (RC membrane, 0.45 μm) and 
given to the device for phenolic analysis. The results were 
calculated as μg/100 g of sample.

Statistical Analysis

Three replicate experiments were conducted, and the 
resulting data were analyzed on SPSS version 20.0 
software (SPSS Inc., Chicago, IL, USA). One-way 
ANOVA and Tukey’s test were used to compare TPC, 
TFC, FRAP, and DPPH parameters among the different 
species.

Results and Discussions

Figus spp. are grown in many regions of Anatolia, where 
all four seasons are intensely experienced. The subspecies 
of these fruits, which have not to date been classified, have 
been categorized as either wild (Ficus carica erinosyce) 
or cultivated (Ficus carica domestica), although many 
species are found in Anatolia [6, 7, 22]. This study 
investigated three fig species from Trabzon, one of the 
Eastern Black Sea provinces of Türkiye (Fig.  1). The 
TSS and TA of the fig fruits ranged from 18.59 to 21.62% 
and 0.178 to 0.184%, respectively (Table 1). Comparable 
ranges of TSS (15-28%) and TA (0.09-1.04%) have been 
reported for fig cultivars from various parts of the world 
[15]. The interaction between TSS and TA, which is 
highly dependent on the maturity stage of fresh produce, 
determines the taste and flavor of any fresh product. The 
highest TSS:TA ratio value in the present study (126.94) 
was observed in purple fig fruits (Table 1).

Total Polyphenolic Content and Antioxidants 
Activity

This preliminary study compared the TPC and antioxidant 
properties of the three fig species grown in the region for 
the first time in the literature. Methanolic extracts were used 
instead of water because methanol has a lower polarity than 
water and is also a good solvent for several polyphenols 
present in fruits [23, 24]. The total phenolic and flavonoid 
contents and antioxidant results were expressed on a 

Fig. 1   The green, purple and dark purple (Ficus carica L.) species used in the study
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fresh weight (FW) basis (Table 2). The total amount of 
polyphenol substance varied between 35.98 and 47.30 mg 
GAE/100 g FW, with a mean value of 41.76 ± 5.07 mg 
GAE/100 g FW. The TPC values of all three genotypes 
differed, the highest value being observed in the dark 
purple species. A large screening study of Mediterranean 
region fig fruit species from the province of Hatay reported 
a mean TPC value of 61.80 ± 20.70 mg GAE/ 100 g FW, 
ranging widely from 28.60 to 211.90 mg GAE/100 g FW 
[25]. The TPC values in the present study are consistent 
with that research, and varied depending on the fig type. 
In a study conducted in the Mediterranean region and 
involving Algerian Ficus carica species, TPC values were 
reported in the range of 42 mg GAE/100 g FW to 58 mg 
GAE/100 g FW, similar to our own results [26]. In the 
present study, the highest TPC was observed in dark purple 
species and the lowest in the green species. The mean 
TFC in our samples was 1.26 ± 0.82 mg QUE/100 g FW, 
ranging between 0.35 and 2.21 mg QUE/100 g FW. The 
highest amount of TFC was found in the purple species, 
followed by the dark purple and green species. Polyphenols, 
found in various plants, are beneficial for health and are 
isolated from their matrices. Flavonoids, a subclass, exhibit 
antioxidant, anti-inflammatory, and antimicrobial activities 
[27]. The polyphenols of fig fruit consist of approximately 
3% flavonoids, the remaining polyphenols consisting 
of phenolic acids, procyanidins, proanthocyanidins, 
anthocyanins, tannins, etc. [28]. Comparison of these three 
fig species in the literature has shown that the darker fruit 
contains higher levels of polyphenols, as well as flavonoids. 
Previous studies indicate that dark-skinned fruits contain 
more polyphenols [15, 29]. A study conducted of dried 

light-colored and dark-colored fig fruit reported that 
the total amount of phenolic substances as well as total 
antioxidant properties and individual phenolic compounds 
all vary depending on the extraction conditions. Those 
authors also described acid hydrolysis as an important 
criterion [30].

The antioxidant capacity of the three species of figs 
was tested using two different antioxidant assays, FRAP 
and DPPH radical scavenging tests. The FRAP test 
measures total antioxidant capacity by reducing ferric 
complexes in the presence of antioxidant substances. The 
FRAP values varied between 151.98 and 327.97 μmol 
FeSO4.7H2O/100  g FW, and the highest antioxidant 
capacity was found in the dark purple species. Studies 
have shown that dark-colored fig cultivars with high 
TPC are of high antioxidant value, similarly to other fig 
cultivars [4, 15, 26, 29].

The DPPH radical scavenging capacity test showed a 
negative correlation between the SC50 value and radical 
scavenging ability, with purple species exhibiting the highest 
ability. This may be due to different antioxidant mechanisms 
or polyphenol types in fruit extracts.

Phenolic Profiles

The amount and composition of polyphenols in fig fruit 
vary depending on the genetic characteristics of the fruit 
and the climatic conditions in the growing environment 
[29]. Interestingly, that study noted no exact relationship 
among the color of the species, polyphenol content, and 
antioxidant properties. Compared to the total amount of 
polyphenols in fig fruit and bee products, that are rich in 
polyphenols, it appears that 100 g of fresh figs contains 
similar amounts of polyphenol to 100 g of honey [31], 
but less than pollen [32] and propolis [33]. The phenolic 
composition of methanolic extracts in the present study 
was analyzed using HPLC-PDA, applying the validated 
chromatography technique previously utilized for phenolic 
compound analysis enriched through liquid-liquid 
extraction [21]. The resulting chromatograms, representing 
25 phenolic compounds, are summarized in Fig. 2, with 

Table 1   Physico-chemical analysis of fig fruits

Different letters (a-b) in the same lines are significantly different at 
the 5% level (p < 0.05)

Green Purple Dark purple

TSS (%) 20.76 ± 1.52a 21.62 ± 2.40a 18.59 ± 1.38b

TA (%) 0.184 ± 0.04a 0.178 ± 0.03a 0.181 ± 0.03a

TSS:TA 122.42 ± 41.51a 126.94 ± 30.92a 107.86 ± 27.80a

Table 2   Total phenolic content, total flavonoid content, and antioxidant capacity of the fig fruits

Different letters (a-c) in the same lines are significantly different at the 5% level (p < 0.05)

Green Purple Dark Purple Mean values

Total phenolic contents (mg GAE/100 g FW) 35.98 ± 2.12c 42.02 ± 0.31b 47.30 ± 1.53a 41.76 ± 5.07
Total flavonoid Content (mg QUE/100 g FW) 0.35 ± 0.14c 2.21 ± 0.30a 1.24 ± 0.04b 1.26 ± 0.82
Total antioxidant Capacity (FRAP) (μmol 

FeSO4.7H2O/100 g FW)
151.98 ± 30.10b 193.97 ± 20.20b 372.97 ± 35.20a 239.64 ± 104.72

DPPH radical scavenging cavity (mg/mL) 42.42 ± 0.40a 10.04 ± 0.29c 35.56 ± 3.46b 29.34 ± 14.87
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corresponding quantitative analysis values presented 
in Table 3. Additionally, more unidentified peaks were 
observed compared to the peaks defined according to the 
standard chromatogram. Chlorogenic acid and t-cinnamic 
acid were detected as major phenolic components in the 
green and dark purple species, whereas chrysin, apigenin 
and luteolin were detected only in the purple species. 
Studies have reported chlorogenic acid as the major 
phenolic component of the fig fruit [12], followed by rutin, 
luteolin and quercetin [28, 29]. Gallic acid, chlorogenic 
acid, syringic acid, catechin, epicatechin, and rutin were 
the polyphenols detected using HPLC-PDA in figs from 
Slovenia [12]. Anthocyanins are pigments that bestow 
color on fruits and vegetables and that are responsible for 

the color, appearance, and sensory properties of fig species 
[34]. In a study in which LC-UV-DAD/ESI- MSn was 
applied to 18 fig varieties, chlorogenic acid was identified as 
the primary phenolic compound and cyanidin-3-rutinoside 
as the primary anthocyanin [28]. The findings of another 
study of dried fig species indicate the existence of diverse 
phenolic acids, including chlorogenic acid, protocatechuic 
acid, and vanillic acid. Additionally, flavonoids including 
luteolin, apigenin, and rutin in glycosides were detected in 
the fruit [35]. That study supports our findings. Chlorogenic 
acid, cinnamic acid, rutin, apigenin, and luteolin were 
the most common polyphenols in the local fig species 
compared to other fig species described in the literature, 
although gallic acid, coumaric acid, and ellagic acid were 

Fig. 2   HPLC-PDA chromato-
grams of the phenolic compo-
nents in the fig samples(a-Pur-
ple; b-Green; c-Dark purple)(1) 
Gallic acid, (2) Protocatechuic 
acid, (3) Chlorogenic acid, 
(4) p-OH benzoic acid, (5) 
Epicatechin, (6) Caffeic acid, 
(7) Syringic Acid, (8) m-OH 
benzoic acid, (9) Rutin, (10) 
Ellagic acid, (11) p-Coumaric 
Acid, (12) Ferulic acid, (13) 
Myricetin, (14) Resveratrol, 
(15) Daidzein, ( 16) Luteolin, 
(17) Quercetin, (18) t-Cinnamic 
acid, (19) Apigenin, (20) 
Hesperetin, (21) Ramnetin, (22) 
Krisin, (23) Pinosembrin, (24) 
CAPE, (25) Curcumin
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Table 3   Phenolic composition of the Fig fruits by HPLC-PDA

(−): not detected

Phenolic groups (μg/100 g FW) Green Purple Dark purple

Phenolic acids Hydroxybenzoic acids
  p-OH Benzoic acid – – –
  m-OH Benzoic acid – – –
  Protocathequic acid – – –
  Gallic acid – – –
  Chlorogenic acid 213 – 249
  Syringic acid – – –
  Ellagic acid – – –

Hydroxycinnamic acids
  t-cinnamic acid 65 – 68
  Ferulic acid – – –
  p-Coumaric acid – – –
  Caffeic acid – – –
  Caffeic acid phenethyl 

ester (CAPE)
– – –

Flavanoids Flavonol
  Rhamnetin – – –
  Quercetin – – –
  Rutin – 32 215
  Myricetin – – –

Flavan-3-ols
  Epicatechin – – –

Flavones
  Chrysin – 85 –
  Apigenin – 368 –
  Luteolin – 470 –

Flavanones
  Pinocembrin – – –
  Hesperidin – – –

Other polyphenols
  Curcumin – – –

not detected in the present study [15, 26, 28, 29]. The fact 
that these compounds were not identified in our study may 
be attributed to the limited sensitivity of HPLC in detecting 
compounds present in trace amounts in local species or to 
the inadequacy of the extraction technique employed. 

Conclusion

This study investigated the phenolic composition and 
antioxidant properties of three local fig species from the 
Eastern Black Sea region of Türkiye. Significant differences 
were observed in amounts of total phenolic substances. 
Flavonoid and antioxidant properties also varied. The purple 
species contained the highest level of flavonoids and was richer 
in chrysin, apigenin, and luteolin. The fig fruit may potentially 
exhibit functional food and nutraceutical properties. 
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