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Abstract: The fig tree (Ficus carica L.) was one of the first domesticated trees. In 2019, the world’s
fig fruit production was estimated at 1153 tons. However, fig leaves are not utilized, resulting
in copious quantities of bio-waste. To identify promising fig tree varieties, hydroethanolic ex-
tracts were prepared from the leaves of five fig tree varieties (Pasteliere—PA, Longue d’Aout—LA,
Dauphinie—DA, Boujassote Noire—BN, and Marseille—MA). The variety with the highest concen-
tration of organic acids was BN (146.5 mg/g dw), while glucose, fructose, and sucrose were the
predominant sugars across all varieties. All extracts present α-tocopherol as the prevalent toco-
pherol isoform (above 78%), while PUFA fatty acids were predominant, ranging from 53% to 71%
of total fatty acids. BN showed moderate antioxidant activity (EC50 0.23 ± 0.01 mg/mL), while
the DA variety presented promising cytotoxicity against the tumor AGS and MCF-7 cell line (GI50

158 ± 13 and 223 ± 21 µg/mL) and especially in the inhibition of Nitric Oxide Production evaluation
(IC50 20 ± 5 µg/mL). The DA activities are probably related to high concentrations of flavonoids,
specifically the predominant apigenin-C-hexoside-C-pentoside and
quercetin-O-deoxyhexosyl-hexoside. Finally, the BN and DA varieties showed good antimicro-
bial activity, especially against Yersinia enterocolitica. Fig leaves can be considered sustainable sources
of industrially valuable bioactive molecules, and several potential applications were highlighted.

Keywords: figs; leaves; bioactive compounds; circular economy

1. Introduction

The fig (Ficus carica L.) has had significant importance in human history, either in
its use as food or in traditional medicine. It is one of the largest genera of angiosperms,
with more than 800 species. The first cultivation records date from ~6000 years ago in the
Mediterranean [1,2] and the fig fruit has a strong presence in different cultures. It is the first
tree mentioned in the Bible, being linked to “paradise” in Islamic culture, and, according
to ancient Greek culture, it was considered a gift from Demeter to Mother Earth [3]. As
previously mentioned, it is among the first plants cultivated in the world, along with
apple and grape, and is consumed in various forms (raw, dehydrated, or incorporated
into food), presenting various applications as a remedy in popular medicine [4–6]. The
fig tree is present in moderate climate regions such as southwest Asia and the eastern
Mediterranean region (from Afghanistan to Portugal) [7,8]. In 2007, the Mediterranean
region’s top producers represented 70% of global production [1] and the production has
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been increasing steadily (1,142,611 tons in 2009, 1,148,211 tons in 2014, and 1,315,588 tons
in 2019) [9].

Difficulties in the fig production process can generate losses, such as the perishability
of the fruit and the drastic pruning necessary to have the fruit in proper ripening condi-
tions [10]. The “Sustainable Development Goals (SDGs) by 2030”, in particular, Goal 12
“Ensure sustainable consumption and production patterns”, are not met by these wasted
production losses, notably the leaves that are discarded.

It is estimated that using waste production by-products could generate a total an-
nual benefit of €1.8 trillion for the European Union by 2030 and promote the circular
economy [11–13]. Incorporating agri-food by-products into the value cycle to decrease
biowaste and promote sustainable development at various points along the production
chain presents a challenge to the circular economy [14]. The bio-waste from fig fruit pro-
duction, in particular, fig leaves, can be an alternative source of bioactive compounds for
different industries. Possible applications include the replacement of synthetic additives
with natural alternatives in the food industry [15] while improving the physical and sensory
properties of foods in which they are added.

The compounds found in fig leaves can also be used as natural medicine, as widely
documented by traditional medicine in the past. As already described [9], fig leaves
present high-value biomolecules with antidiabetic, antipyretic, antioxidant, and antilipemic
activities. Li et al. [16] assured that fig leaves could be explored as alternative novel sources
of chemical compounds, including phytoconstituents such as organic acids, phenolics,
flavonoids, coumarins, and volatile constituents. The same author pointed out different
bioactivities for fig leaves, including hypoglycemic, diabetic, antioxidant, anti-inflammatory
and anticancer bioactivities. Also significant is fig leaves’ dermatological potential in
treating psoriasis and vitiligo [4–6,17].

Fig leaves are a well-known source of bioactive components for industrial valorization.
In addition to other secondary metabolites, they are a rich source of tannins, flavonoids, and
hydrocarbons. These substances have strong antioxidant properties that can be employed in
treating and preventing many ailments. They can also be employed as a source of bioactive
chemicals to be used as food additives to prepare food products with health benefits. This
article’s primary objective is to provide a chemical and biological understanding of five va-
rieties of fig tree leaves (Pasteliere—PA, Longue d’Aout—LA, Dauphinie—DA, Boujassote
Noire—BN, and Marseille—MA) and to assess their potential for industrial applications.
Only a small body of information is available about this type of characterization of fig
leaves. This knowledge may be significant in decreasing the production of biological waste,
giving it an economic value, and highlighting the significance of fig leaves as a potential
source of compounds for commercial applications.

2. Materials and Methods
2.1. Chemicals, Reagents, and Samples

All chemicals and reagents used in this research were purchased from scientific sup-
pliers and were at least analytical grade except those utilized in high-performance liquid
chromatography (HPLC), which employed HPLC-grade chemicals and reagents. Samples
were supplied by the agricultural firm “Mó de Cima”, located on the Setubal peninsula,
right on the edge of the Arrábida Natural Park in Portugal. The company is devoted to the
exploration and production of figs of various varieties.

2.2. Samples Preparation

The company “Mó de Cima” provided samples of leaves from the five fig varieties PA,
LA, DA, BN, and MA (Lisbon, Portugal). The company’s botanical co-ordinator identified
the varieties by analyzing the leaves’ morphology since they display noticeable differences.
To remove the water from the fresh fig leaves, they were separated and allowed to dry
at room temperature while being protected from light and moisture for two weeks. The
samples were powdered and kept in a dry environment for further examination.
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2.3. Color Measurement

For colorimetric analysis of the fig leaves, a colorimeter (model CR-400, Konica Minolta
Sensig Inc., Tokyo, Japan) was used, equipped with illuminant C and an 8 mm diaphragm
and calibrated with the white color standard tile, for evaluation of the three CIELAB
(Commission Internationale de l’Elcairage) color parameters: L* (brightness), a* (green-red),
and b* (blue-yellow); the Spectra Magic Nx software (version CM-S100W2.03.006) was used
as discussed elsewhere [18].

2.4. Preparation of Hydroethanolic Extracts

The extracts were obtained by a green solid–liquid extraction, resorting to dynamic
maceration of 1 g of sample with 30 mL of hydroethanolic solution (ethanol:water,
80:20 v/v), stirred continuously at room temperature for 1 h on a magnetic stirrer, fil-
tered on Whatman no4 filter paper, and then extracted for an additional 1 h. A Büchi R-210
rotary evaporator at decreased pressure and 40 ◦C was used to extract all the ethanol under
vacuum, and the solution was frozen and lyophilized. The recovered extract was stored
and protected by light and humidity until further analysis.

2.5. Chromatographic Analysis of Chemical Constituents
2.5.1. Organic Acids

As previously described [19], organic acids were analyzed by ultra-fast liquid chro-
matography (UFLC) using a Shimadzu 20A series (Shimadzu Corporation, Kyoto, Japan)
linked to a photodiode array detector (PDA). Chromatographic separation was accom-
plished on a SphereClone (Phenomenex, Torrance, CA, USA) reverse phase C18 column
(250 mm 4.6 mm; 5 m) thermostated at 35 ◦C. Sulphuric acid (3.6 mM) was used for elu-
tion at a rate of 0.8 mL/min; the run time is 30 min. The identified organic acids were
measured by comparing the areas of the peaks observed at 215 nm with calibration curves
derived from commercial standards of each chemical. Results were given in g per kg of
dry weight (dw).

2.5.2. Free Sugars

Leaf samples’ sugar content was analyzed using high-performance liquid chromatogra-
phy (HPLC) coupled with a refractive index (RI) detector. The internal standard method (IS,
melezitose, Sigma-Aldrich, St. Louis, MO, USA), as previously published by
Barros et al., 2013 [19], was utilized to quantify the soluble sugars (Knauer, Smartline
system 1000, Berlin, Germany). The mobile phase was acetonitrile:water (70:30 v/v, acetoni-
trile HPLC-grade, Lab-Scan, Lisbon, Portugal), operating with isocratic gradient at a flow
rate of 1 mL/min and the chemicals were separated on a Eurospher 100-5 NH2 column
(4.6 250 mm, 5 m, Knauer, Berlin, Germany), in a 20 min run, with the data being processed
using Clarity v.2.4 software (DataApex, Prague, Czech Republic).

2.5.3. Tocopherols

The leaf’s tochopherol content was determined using a HPLC system (Knauer, Smart-
line system 1000, Berlin, Germany) coupled to a fluorescence detector (FP-2020; Jasco,
Easton, PA, USA), programmed for excitation at 290 nm and emission at 330 nm. This ana-
lytical procedure was previously described by Barros et al., 2013 [19]. The internal standard
(tocol, from Matreya, Pleasant Gap, PA, USA) technique was employed for quantification.
A polyamide II column (250 mm, 4.6 mm, 5 m; YMC, Kyoto, Japan) was employed for
chromatographic separation, in a 20 min run. Hexane and ethyl acetate were combined
as the mobile phase (HPLC-grade solvents from Lab-Scan, Lisbon, Portugal; 70:30, v/v)
operating with isocratic gradient at a flow rate of 1 mL/min. Clarity 2.4 software was used
to capture and analyze the data, and results were given as mg/100 g dw.
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2.5.4. Fatty Acids

The fatty acids were determined using a gas chromatograph (DANI1000, Contone,
Switzerland) outfitted with a split/spitless injector and a flame ionization detector (GC-
FID at 260 ◦C) resorting to a Zebron–Fame column (30 m × 0.25 mm ID × 0.20 µm df,
Phenomenex, Lisbon, Portugal) and operated under the conditions outlined previously [19].
Hydrogen was used as the carrier gas at a flow rate of 4 mL/min, and the run time of
26 min. Identifying and quantifying the fatty acids was performed by comparing the
respective retention periods of fatty acid methyl esters (FAME) reference standard mixture,
Sigma-Aldrich, St. Louis, MO, USA. Data were recorded and processed using CSW 1.7
software (Data Apex 1.7, Prague, Czech Republic).

2.5.5. Phenolic Compounds

The hydroethanolic extracts were redissolved in ethanol:water (80:20, v/v) at
10 mg/mL concentrations. The phenolic profile was determined using liquid chromatogra-
phy (Dionex Ultimate 3000 UPLC, Thermo Scientific, San Jose, CA, USA) with a quaternary
pump and diode array detector coupled in series (wavelengths of 280, 330, and 370 nm) to
an electrospray ionization mass spectrometry detector (LC-DAD-ESI/MSn), and operating
in negative mode with a m/z following the methodology described previously [20]. The
solvents used were: (A) 0.1% formic acid in water, and (B) acetonitrile. The elution gradient
established was isocratic 15% B (5 min), 15–20% B (5 min), 20–25% B (10 min), 25–35%
B (10 min), 35–50% B (10 min), and re-equilibration of the column, using a flow rate of
0.5 mL/min, resulting in a run time of 0.70 min. Double online detection was carried out in
the DAD using 280 and 370 nm as preferred wavelengths and in a mass spectrometer (MS)
connected to HPLC system via the DAD cell outlet.

The phenolic compounds were identified by comparing each peak’s chromatographic
responses and mass spectra information with data available in the literature. Then,
7-level calibration curves were used with the standard compounds to quantify the peaks.
For the identified peaks with no available standard compounds, the quantification was
performed with the most similar standard regarding chromatographic responses. Results
were expressed in mg/g dry extract.

2.6. Evaluation of Bioactive Properties
2.6.1. Antioxidant Activity

Antioxidant activity was measured by evaluating the fig leaves’ extract’s (8 mg/mL
in water) ability to demonstrate 50% inhibition of lipid peroxidation in porcine brain ho-
mogenate (Sus scrofa). This evaluation was accomplished by using the TBARS (thiobarbi-
turic acid reactive substances) method that measures the formation of the malondialdehyde-
thiobarbituric acid complex (MDA-TBA) at 532 nm, with results expressed as IC50 (mg/mL
extract) [21–23].

The cellular antioxidant activity (CAA) method was also performed, using RAW
264.7 (murine macrophage cell line) cells as described previously [24]. Briefly, the leaf
extracts were evaluated for their ability to inhibit the oxidation of dichlorofluorescin to
fluorescent dichlorofluorescein (DCF) promoted through peroxyl radicals generated by
dichlorhydrochloride addition. Quercetin standard was used as the positive control, and
the results were expressed in % inhibition of the maximum tested concentration (2 mg/mL).

2.6.2. Cytotoxic and Hepatotoxic Activities

The cytotoxic and hepatotoxic activities of the extracts (8 mg/mL in water) were tested
using the sulforhodamine B assay, according to the procedure described previously [25,26].
To perform this assay, three human tumor cell lines were used: MCF-7 (human breast
adenocarcinoma), AGS (gastric adenocarcinoma), and CaCo2 (colon adenocarcinoma),
obtained from the European Collection of Authenticated Cell Cultures (ECACC) collection.
In addition, two non-tumor cell lines were used: VERO (non-tumor African monkey embryo
kidney cell line), also obtained from ECACC, and PLP2 (non-tumor porcine liver primary
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culture), a cell line prepared in-house according to Mandim et al., 2019 [26]. Ellipticine
(Sigma-Aldrich, St. Louis, MO, USA) was used as a positive control for all cell lines, and
the results obtained are presented as the extract concentration required for 50% inhibition
of cell proliferation (GI50 in µg/mL).

2.6.3. Inhibition of Nitric Oxide Production Evaluation

The inhibition of nitric oxide production of the extracts (8 mg/mL in water) was
performed by evaluating their ability to inhibit lipopolysaccharide (LPS)-induced nitric
oxide (NO) production. The RAW 264.7 cell line (ECACC) was used as described previ-
ously [27,28], and dexamethasone (Sigma-Aldrich, Saint Louis, MO, USA) was used as
the positive control. Samples without LPS (Sigma-Aldrich, Saint Louis, MO, USA) were
considered negative control, with results expressed at EC50 values, in µg/mL.

2.6.4. Antimicrobial Activity

Fig leaves’ extracts were redissolved in a 10 mg/mL concentration using a 5% DMSO
(dimethyl sulfoxide) solution as solvent. The antimicrobial activity was tested following the
procedure described by other authors [29,30]. The antibacterial potential of the extracts was
evaluated against Gram-negative bacteria (Enterobacter cloacae, Escherichia coli, Pseudomonas
aeruginosa, Salmonella enterica, and Yersinia enterocolitica), Gram-positive bacteria (Bacillus
cereus, Listeria monocytogenes, and Staphylococcus aureus), and fungi (Aspergillus brasiliensis
and Aspergillus fumigatus). Streptomycin (1 mg/mL), methicillin (1 mg/mL), ampicillin
(1 mg/mL), and ketoconazole (1 mg/mL) were used as positive controls for Gram-negative,
Gram-positive bacteria, and fungi, respectively. The results were expressed as the extract
minimum concentration (mg/mL) that inhibited bacterial and fungal growth (MIC) and
the minimum concentration (mg/mL) that killed the tested strains of bacteria (MBC) and
fungi (MFC).

2.7. Statistical Analysis

In all the assays, the samples were analyzed in triplicate, with results obtained ana-
lyzed by one-way analysis of variance (ANOVA), followed by Tukey’s HSD test (p = 0.05)
for expression of standard deviation (SD), and Student’s t-test (α = 0.05) was applied to
evaluate significant differences. All statistical analyses were performed using the SPSS
Statistics v. 23.0 software (IBM Corp., Armonk, NY, USA).

3. Results and Discussion
3.1. Color Measurement

The CIELab color parameters, L* (brightness), a* (green-red), and b* (blue-yellow), for
the leaves of the five fig varieties were measured and converted into RGB format, repre-
senting the color hues (Table 1). The color measurement results indicated different shades
of green for the leaves of the different varieties, with the BN and LA varieties presenting
higher L* (41.1 and 38.2, respectively) and a* parameter values (17.7 and 16.1, respectively).
This variation indicates that BN and LA present a lighter (higher L* parameter) and a more
yellowish color (higher b* parameter). This difference is clearly visible to the naked eye by
observing the obtained RGB color compared to the leaves of the other varieties.

3.2. Chemical Composition
3.2.1. Organic Acids

In terms of organic acid composition, depicted in Table 2, all five varieties present
almost exclusively oxalic, quinic, malic, and citric acids. The remaining organic acids
analyzed (shikimic, ascorbic, and fumaric acids) are only present in minimal (<0.1%) or
trace amount quantities. The BN variety presents the highest concentration of total organic
acids (146.5 ± 1.1 g/100 g dw), with malic acid at 36%, oxalic acid at 33%, quinic acid at
16%, and citric acid at 15%. In a previous study on fig leaves from the “Brown Turkey”
variety [31], the authors identified malic, citric, and oxalic acids as the organic acids
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with the highest concentrations. The PA and MA varieties present a similar organic acid
composition pattern to the BN variety. However, the LA variety presented a significantly
higher percentage of oxalic acid (57%) and a lower percentage of malic acid (3%) compared
to the BN, PA, and MA varieties. Oxalic acid is generally found in green leaves [4],
and the results obtained in this study corroborate this assessment. In a previous study,
the authors were also able to identify oxalic acid in the leaves of the “Pingo de Mel”
(24.06 ± 16.3 g/100 g dw) and “Branca Tradicional” (9.83 ± 58.8 g/100 g dw) fig varieties,
with concentrations in line with the varieties analyzed in this study [4].

Table 1. Color analysis in fig leaves.

PA LA DA BN MA
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On the other hand, the DA variety presents an alternative organic acid profile with a
higher percentage of malic acid (47%) and a lower percentage of oxalic acid (10%). This
fact is of interest as malic acid is widely applied in the food industry (sweets, bakery, and
jellies) and drinks (soft drinks), labelled as E296, due to its acidulant action and as a flavor
enhancer [32]. Other malic acid applications include in medicine against migraine and in
biotechnology to produce biopolymers by dicarboxylic composition [4].
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3.2.2. Free Sugars

The free sugars content was also analyzed in the leaves of the five varieties and is pre-
sented in Table 3. The total amount of free sugars varies significantly, with the DA variety
presenting the highest amount of total free sugars (17.36 ± 0.08 g/100 g dw), followed by BN
(15.57 ± 0.03 g/100 g dw), MA (10.08 ± 0.06 g/100 g dw),
PA (5.34 ± 0.02 g/100 g dw), and finally LA (4.95 ± 0.02 g/100 g dw). Fructose and
glucose represent a significant percentage of the sugars found, especially in the DA,
BN, and LA varieties, with a combined amount (glucose and fructose) of 87%, 64%, and
75%, respectively. For instance, the DA variety presents the highest amounts of glucose,
7.72 ± 0.04 g/100 g dw, accounting for 45% of its composition in free sugars. This value
is 5.2 times higher than the amount observed in the PA variety (1.48 ± 0.02 g/100 g dw).
Sucrose is also present in significant amounts, while trehalose and raffinose are present in
much smaller amounts. In a recent study, the authors also observed significant sugar con-
tent variations between different fig varieties and even for the same variety obtained from
different locations [33]. Free soluble sugars can be used in the food industry to improve
different food’s technical and functional qualities or as an alternative to white sugar [34].
Considering the values of total sugar content, especially in the DA and BN varieties, their
leaves could be considered for use as natural sweeteners instead of synthetic sweeteners.

Table 3. HPLC-IR characterization of free sugar content in fig leaves.

Free Sugars (g/100 g dw)

PA LA DA BN MA

� Fructose 1.36 ± 0.02 e 1.94 ± 0.02 c 7.34 ± 0.06 a 3.58 ± 0.02 b 1.75 ± 0.01 d

� Glucose 1.48 ± 0.02 e 1.77 ± 0.02 d 7.72 ± 0.04 a 6.32 ± 0.007 b 3.59 ± 0.02 c

� Sucrose 1.62 ± 0.01 c 0.133 ± 0.007 e 0.276 ± 0.008 d 4.27 ± 0.03 a 3.59 ± 0.01 b

� Trehalose 0.62 ± 0.02 c 0.63 ± 0.01 c 1.130 ± 0.009 a 0.61 ± 0.01 c 0.72 ± 0.01 b

� Raffinose 0.26 ± 0.01 e 0.47 ± 0.02 d 0.87 ± 0.01 a 0.74 ± 0.01 b 0.687 ± 0.008 c

Total 5.34 ± 0.02 d 4.95 ± 0.02 e 17.36 ± 0.08 a 15.57 ± 0.03 b 10.08 ± 0.06 c
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3.2.3. Tocopherols

Different isoforms (α, β, and γ) of tocopherol were identified and quantified on the ex-
tracts obtained for the different fig varieties, as shown in Table 4. Tocopherols are biological
substances that can have beneficial effects on the body, including antioxidant activity, protec-
tion of mono- and polyunsaturated fatty acids, and cancer prevention [35]. The PA variety
presented the highest amount of total tocopherol with
4.14 ± 0.04 mg/100 g, 2.3× higher than the amount found in the BN and MA varieties,
which presented the lowest amounts. In all samples, α-tocopherol was present in much
higher concentrations when compared to the other isoforms, ranging from 78% (the BN
and MA varieties) to 94% (the LA variety) of total tocopherol content. The γ-tocopherol
isoform was present in much lower amounts for all varieties, ranging from 10% to 17%
of total tocopherol content, with the DA variety presenting the highest concentration
(0.51 ± 0.02 mg/100 g) and the BN variety the lowest amount (0.188 ± 0.007 mg/100 g). For
β-tocopherol, the percentage observed was between 5% and 12% of total tocopherol, with
the PA variety presenting the highest quantity
(0.29 ± 0.01 mg/100 g), presenting 2.1 times the amount observed for the
DA (0.14 ± 0.01 mg/100 g) and MA (0.142 ± 0.008 mg/100 g) varieties. A study in F. carica
dried leaves obtained an α-tocopherol concentration of 57 mg/100 g [36], a value signifi-
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cantly higher than the quantity observed in this study for all varieties. This is probably an in-
dication that the tocopherol content in leaves probably varies significantly between different
fig varieties.

Table 4. HPLC-FL determination of tocopherol content of fig leaves.

Tocopherols (mg/100 g dw)

PA LA DA BN MA

� α-Tocoferol 3.36 ± 0.05 a 3.32 ± 0.05 a 2.26 ± 0.02 b 1.438 ± 0.004 c 1.45 ± 0.01 c

� β-Tocoferol 0.29 ± 0.01 a 0.23 ± 0.02 b 0.14 ± 0.01 c 0.21 ± 0.01 b 0.142 ± 0.008 c

� γ-Tocoferol 0.49 ± 0.01 a nd 0.51 ± 0.02 a 0.188 ± 0.007 c 0.26 ± 0.01 b

� δ-Tocoferol nd nd nd nd nd
Total 4.14 ± 0.04 a 3.56 ± 0.06 b 2.91 ± 0.03 c 1.84 ± 0.01 d 1.85 ± 0.01 d
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from 53% (the MA variety) to 71% (the LA variety) in total fa�y acid content; followed by 

saturated fa�y acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety); and 

monounsaturated fa�y acid (MUFA), which was only observed for the DA (7%) and MA 

(6%) varieties. When analyzing fa�y acid diversity, it was possible to identify fifteen dis-

tinct fa�y acids in the DA variety, with twelve fa�y acids observed for the MA variety and 

fewer than seven distinct fa�y acids observed for the other varieties. The predominant 

fa�y acid observed was alpha-linolenic acid (C18:3n3), with values ranging from 36.8% 

(BN) to 52.9% (PA) of total fa�y acid content, followed by palmitic acid, ranging from 

16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to 19.7% 

(LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an essen-

tial fa�y acid and a precursor of polyunsaturated fa�y acids (omega-3 and omega-6), was 

also found to be the most prevalent fa�y acid in fig leaves. The same study [34] observed 

similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line with the 

current study’s findings. 

  

Processes 2023, 11, x FOR PEER REVIEW 8 of 18 
 

 

activity, protection of mono- and polyunsaturated fa�y acids, and cancer prevention [35]. 

The PA variety presented the highest amount of total tocopherol with 4.14 ± 0.04 mg/100 

g, 2.3× higher than the amount found in the BN and MA varieties, which presented the 

lowest amounts. In all samples, α-tocopherol was present in much higher concentrations 

when compared to the other isoforms, ranging from 78% (the BN and MA varieties) to 

94% (the LA variety) of total tocopherol content. The γ-tocopherol isoform was present in 

much lower amounts for all varieties, ranging from 10% to 17% of total tocopherol content, 

with the DA variety presenting the highest concentration (0.51 ± 0.02 mg/100 g) and the 

BN variety the lowest amount (0.188 ± 0.007 mg/100 g). For β-tocopherol, the percentage 

observed was between 5% and 12% of total tocopherol, with the PA variety presenting the 

highest quantity (0.29 ± 0.01 mg/100 g), presenting 2.1 times the amount observed for the 

DA (0.14 ± 0.01 mg/100 g) and MA (0.142 ± 0.008 mg/100 g) varieties. A study in F. carica 

dried leaves obtained an α-tocopherol concentration of 57 mg/100 g [36], a value signifi-

cantly higher than the quantity observed in this study for all varieties. This is probably an 

indication that the tocopherol content in leaves probably varies significantly between dif-

ferent fig varieties. 

Table 4. HPLC-FL determination of tocopherol content of fig leaves. 

Tocopherols (mg/100 g dw) 
 PA LA DA BN MA 

▊ α-Tocoferol 3.36 ± 0.05 a 3.32 ± 0.05 a 2.26 ± 0.02 b 1.438 ± 0.004 c 1.45 ± 0.01 c 

▊ β-Tocoferol 0.29 ± 0.01 a 0.23 ± 0.02 b 0.14 ± 0.01 c 0.21 ± 0.01 b 0.142 ± 0.008 c 

▊ γ-Tocoferol 0.49 ± 0.01 a nd 0.51 ± 0.02 a 0.188 ± 0.007 c 0.26 ± 0.01 b 

▊ δ-Tocoferol nd nd nd nd nd 

Total 4.14 ± 0.04 a 3.56 ± 0.06 b 2.91 ± 0.03 c 1.84 ± 0.01 d 1.85 ± 0.01 d 

 

     

For each row, significant differences, with α = 0.05, are represented with different le�ers. nd—not 

detected. 

3.2.4. Fa�y Acids 

The fa�y acid profile of the different fig varieties was obtained and is presented in 

Table 5. In general, there is a predominance of polyunsaturated fa�y acid (PUFA), ranging 

from 53% (the MA variety) to 71% (the LA variety) in total fa�y acid content; followed by 

saturated fa�y acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety); and 

monounsaturated fa�y acid (MUFA), which was only observed for the DA (7%) and MA 

(6%) varieties. When analyzing fa�y acid diversity, it was possible to identify fifteen dis-

tinct fa�y acids in the DA variety, with twelve fa�y acids observed for the MA variety and 

fewer than seven distinct fa�y acids observed for the other varieties. The predominant 

fa�y acid observed was alpha-linolenic acid (C18:3n3), with values ranging from 36.8% 

(BN) to 52.9% (PA) of total fa�y acid content, followed by palmitic acid, ranging from 

16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to 19.7% 

(LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an essen-

tial fa�y acid and a precursor of polyunsaturated fa�y acids (omega-3 and omega-6), was 

also found to be the most prevalent fa�y acid in fig leaves. The same study [34] observed 

similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line with the 

current study’s findings. 

  

Processes 2023, 11, x FOR PEER REVIEW 8 of 18 
 

 

activity, protection of mono- and polyunsaturated fa�y acids, and cancer prevention [35]. 

The PA variety presented the highest amount of total tocopherol with 4.14 ± 0.04 mg/100 

g, 2.3× higher than the amount found in the BN and MA varieties, which presented the 

lowest amounts. In all samples, α-tocopherol was present in much higher concentrations 

when compared to the other isoforms, ranging from 78% (the BN and MA varieties) to 

94% (the LA variety) of total tocopherol content. The γ-tocopherol isoform was present in 

much lower amounts for all varieties, ranging from 10% to 17% of total tocopherol content, 

with the DA variety presenting the highest concentration (0.51 ± 0.02 mg/100 g) and the 

BN variety the lowest amount (0.188 ± 0.007 mg/100 g). For β-tocopherol, the percentage 

observed was between 5% and 12% of total tocopherol, with the PA variety presenting the 

highest quantity (0.29 ± 0.01 mg/100 g), presenting 2.1 times the amount observed for the 

DA (0.14 ± 0.01 mg/100 g) and MA (0.142 ± 0.008 mg/100 g) varieties. A study in F. carica 

dried leaves obtained an α-tocopherol concentration of 57 mg/100 g [36], a value signifi-

cantly higher than the quantity observed in this study for all varieties. This is probably an 

indication that the tocopherol content in leaves probably varies significantly between dif-

ferent fig varieties. 

Table 4. HPLC-FL determination of tocopherol content of fig leaves. 

Tocopherols (mg/100 g dw) 
 PA LA DA BN MA 

▊ α-Tocoferol 3.36 ± 0.05 a 3.32 ± 0.05 a 2.26 ± 0.02 b 1.438 ± 0.004 c 1.45 ± 0.01 c 

▊ β-Tocoferol 0.29 ± 0.01 a 0.23 ± 0.02 b 0.14 ± 0.01 c 0.21 ± 0.01 b 0.142 ± 0.008 c 

▊ γ-Tocoferol 0.49 ± 0.01 a nd 0.51 ± 0.02 a 0.188 ± 0.007 c 0.26 ± 0.01 b 

▊ δ-Tocoferol nd nd nd nd nd 

Total 4.14 ± 0.04 a 3.56 ± 0.06 b 2.91 ± 0.03 c 1.84 ± 0.01 d 1.85 ± 0.01 d 

 

     

For each row, significant differences, with α = 0.05, are represented with different le�ers. nd—not 

detected. 

3.2.4. Fa�y Acids 

The fa�y acid profile of the different fig varieties was obtained and is presented in 

Table 5. In general, there is a predominance of polyunsaturated fa�y acid (PUFA), ranging 

from 53% (the MA variety) to 71% (the LA variety) in total fa�y acid content; followed by 

saturated fa�y acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety); and 

monounsaturated fa�y acid (MUFA), which was only observed for the DA (7%) and MA 

(6%) varieties. When analyzing fa�y acid diversity, it was possible to identify fifteen dis-

tinct fa�y acids in the DA variety, with twelve fa�y acids observed for the MA variety and 

fewer than seven distinct fa�y acids observed for the other varieties. The predominant 

fa�y acid observed was alpha-linolenic acid (C18:3n3), with values ranging from 36.8% 

(BN) to 52.9% (PA) of total fa�y acid content, followed by palmitic acid, ranging from 

16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to 19.7% 

(LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an essen-

tial fa�y acid and a precursor of polyunsaturated fa�y acids (omega-3 and omega-6), was 

also found to be the most prevalent fa�y acid in fig leaves. The same study [34] observed 

similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line with the 

current study’s findings. 

  

Processes 2023, 11, x FOR PEER REVIEW 8 of 18 
 

 

activity, protection of mono- and polyunsaturated fa�y acids, and cancer prevention [35]. 

The PA variety presented the highest amount of total tocopherol with 4.14 ± 0.04 mg/100 

g, 2.3× higher than the amount found in the BN and MA varieties, which presented the 

lowest amounts. In all samples, α-tocopherol was present in much higher concentrations 

when compared to the other isoforms, ranging from 78% (the BN and MA varieties) to 

94% (the LA variety) of total tocopherol content. The γ-tocopherol isoform was present in 

much lower amounts for all varieties, ranging from 10% to 17% of total tocopherol content, 

with the DA variety presenting the highest concentration (0.51 ± 0.02 mg/100 g) and the 

BN variety the lowest amount (0.188 ± 0.007 mg/100 g). For β-tocopherol, the percentage 

observed was between 5% and 12% of total tocopherol, with the PA variety presenting the 

highest quantity (0.29 ± 0.01 mg/100 g), presenting 2.1 times the amount observed for the 

DA (0.14 ± 0.01 mg/100 g) and MA (0.142 ± 0.008 mg/100 g) varieties. A study in F. carica 

dried leaves obtained an α-tocopherol concentration of 57 mg/100 g [36], a value signifi-

cantly higher than the quantity observed in this study for all varieties. This is probably an 

indication that the tocopherol content in leaves probably varies significantly between dif-

ferent fig varieties. 

Table 4. HPLC-FL determination of tocopherol content of fig leaves. 

Tocopherols (mg/100 g dw) 
 PA LA DA BN MA 

▊ α-Tocoferol 3.36 ± 0.05 a 3.32 ± 0.05 a 2.26 ± 0.02 b 1.438 ± 0.004 c 1.45 ± 0.01 c 

▊ β-Tocoferol 0.29 ± 0.01 a 0.23 ± 0.02 b 0.14 ± 0.01 c 0.21 ± 0.01 b 0.142 ± 0.008 c 

▊ γ-Tocoferol 0.49 ± 0.01 a nd 0.51 ± 0.02 a 0.188 ± 0.007 c 0.26 ± 0.01 b 

▊ δ-Tocoferol nd nd nd nd nd 

Total 4.14 ± 0.04 a 3.56 ± 0.06 b 2.91 ± 0.03 c 1.84 ± 0.01 d 1.85 ± 0.01 d 

 

     

For each row, significant differences, with α = 0.05, are represented with different le�ers. nd—not 

detected. 

3.2.4. Fa�y Acids 

The fa�y acid profile of the different fig varieties was obtained and is presented in 

Table 5. In general, there is a predominance of polyunsaturated fa�y acid (PUFA), ranging 

from 53% (the MA variety) to 71% (the LA variety) in total fa�y acid content; followed by 

saturated fa�y acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety); and 

monounsaturated fa�y acid (MUFA), which was only observed for the DA (7%) and MA 

(6%) varieties. When analyzing fa�y acid diversity, it was possible to identify fifteen dis-

tinct fa�y acids in the DA variety, with twelve fa�y acids observed for the MA variety and 

fewer than seven distinct fa�y acids observed for the other varieties. The predominant 

fa�y acid observed was alpha-linolenic acid (C18:3n3), with values ranging from 36.8% 

(BN) to 52.9% (PA) of total fa�y acid content, followed by palmitic acid, ranging from 

16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to 19.7% 

(LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an essen-

tial fa�y acid and a precursor of polyunsaturated fa�y acids (omega-3 and omega-6), was 

also found to be the most prevalent fa�y acid in fig leaves. The same study [34] observed 

similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line with the 

current study’s findings. 

  

Processes 2023, 11, x FOR PEER REVIEW 8 of 18 
 

 

activity, protection of mono- and polyunsaturated fa�y acids, and cancer prevention [35]. 

The PA variety presented the highest amount of total tocopherol with 4.14 ± 0.04 mg/100 

g, 2.3× higher than the amount found in the BN and MA varieties, which presented the 

lowest amounts. In all samples, α-tocopherol was present in much higher concentrations 

when compared to the other isoforms, ranging from 78% (the BN and MA varieties) to 

94% (the LA variety) of total tocopherol content. The γ-tocopherol isoform was present in 

much lower amounts for all varieties, ranging from 10% to 17% of total tocopherol content, 

with the DA variety presenting the highest concentration (0.51 ± 0.02 mg/100 g) and the 

BN variety the lowest amount (0.188 ± 0.007 mg/100 g). For β-tocopherol, the percentage 

observed was between 5% and 12% of total tocopherol, with the PA variety presenting the 

highest quantity (0.29 ± 0.01 mg/100 g), presenting 2.1 times the amount observed for the 

DA (0.14 ± 0.01 mg/100 g) and MA (0.142 ± 0.008 mg/100 g) varieties. A study in F. carica 

dried leaves obtained an α-tocopherol concentration of 57 mg/100 g [36], a value signifi-

cantly higher than the quantity observed in this study for all varieties. This is probably an 

indication that the tocopherol content in leaves probably varies significantly between dif-

ferent fig varieties. 

Table 4. HPLC-FL determination of tocopherol content of fig leaves. 

Tocopherols (mg/100 g dw) 
 PA LA DA BN MA 

▊ α-Tocoferol 3.36 ± 0.05 a 3.32 ± 0.05 a 2.26 ± 0.02 b 1.438 ± 0.004 c 1.45 ± 0.01 c 

▊ β-Tocoferol 0.29 ± 0.01 a 0.23 ± 0.02 b 0.14 ± 0.01 c 0.21 ± 0.01 b 0.142 ± 0.008 c 

▊ γ-Tocoferol 0.49 ± 0.01 a nd 0.51 ± 0.02 a 0.188 ± 0.007 c 0.26 ± 0.01 b 

▊ δ-Tocoferol nd nd nd nd nd 

Total 4.14 ± 0.04 a 3.56 ± 0.06 b 2.91 ± 0.03 c 1.84 ± 0.01 d 1.85 ± 0.01 d 

 

     

For each row, significant differences, with α = 0.05, are represented with different le�ers. nd—not 

detected. 

3.2.4. Fa�y Acids 

The fa�y acid profile of the different fig varieties was obtained and is presented in 

Table 5. In general, there is a predominance of polyunsaturated fa�y acid (PUFA), ranging 

from 53% (the MA variety) to 71% (the LA variety) in total fa�y acid content; followed by 

saturated fa�y acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety); and 

monounsaturated fa�y acid (MUFA), which was only observed for the DA (7%) and MA 

(6%) varieties. When analyzing fa�y acid diversity, it was possible to identify fifteen dis-

tinct fa�y acids in the DA variety, with twelve fa�y acids observed for the MA variety and 

fewer than seven distinct fa�y acids observed for the other varieties. The predominant 

fa�y acid observed was alpha-linolenic acid (C18:3n3), with values ranging from 36.8% 

(BN) to 52.9% (PA) of total fa�y acid content, followed by palmitic acid, ranging from 

16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to 19.7% 

(LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an essen-

tial fa�y acid and a precursor of polyunsaturated fa�y acids (omega-3 and omega-6), was 

also found to be the most prevalent fa�y acid in fig leaves. The same study [34] observed 

similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line with the 

current study’s findings. 

  

For each row, significant differences, with α = 0.05, are represented with different letters. nd—not detected.

3.2.4. Fatty Acids

The fatty acid profile of the different fig varieties was obtained and is presented in
Table 5. In general, there is a predominance of polyunsaturated fatty acid (PUFA), ranging
from 53% (the MA variety) to 71% (the LA variety) in total fatty acid content; followed
by saturated fatty acid (SFA), ranging from 29% (the LA variety) to 41% (the MA variety);
and monounsaturated fatty acid (MUFA), which was only observed for the DA (7%) and
MA (6%) varieties. When analyzing fatty acid diversity, it was possible to identify fifteen
distinct fatty acids in the DA variety, with twelve fatty acids observed for the MA variety
and fewer than seven distinct fatty acids observed for the other varieties. The predom-
inant fatty acid observed was alpha-linolenic acid (C18:3n3), with values ranging from
36.8% (BN) to 52.9% (PA) of total fatty acid content, followed by palmitic acid, ranging
from 16.5% (MA) to 23.2% (LA), and linoleic acid (C18:2n6c), ranging from 10.3% (MA) to
19.7% (LA). In a previous study [36], alpha-linolenic acid (C18:3n3), which is known as an
essential fatty acid and a precursor of polyunsaturated fatty acids (omega-3 and omega-6),
was also found to be the most prevalent fatty acid in fig leaves. The same study [34]
observed similar proportions of PUFA > SFA > MUFA for the fig leaves analyzed, in line
with the current study’s findings.

Table 5. CG-MS determination of lipidic fractions and fatty acid composition of fig leaves.

Fatty Acids (% of Total)

PA LA DA BN MA

C12:0 nd 0.911 ± 0.004 nd nd nd
C13:0 nd 2.171 ± 0.008 b 1.65 ± 0.02 d 2.87 ± 0.15 a 1.77 ± 0.06 c

C14:0 nd 3.11 ± 0.02 a 1.39 ± 0.04 d 2.30 ± 0.04 b 1.87 ± 0.01 c

C14:1 nd nd 0.316 ± 0.004 nd nd
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Table 5. Cont.

Fatty Acids (% of Total)

PA LA DA BN MA

C15:1 nd nd 0.346 ± 0.003 nd nd
C16:0 18.9 ± 0.4 b 23.19 ± 0.07 a 19.05 ± 0.05 b 18.1 ± 0.3 c 16.5 ± 0.1 d

C16:1 nd nd 1.457 ± 0.002 nd 1.66 ± 0.03
C17:0 nd nd 0.756 ± 0.001 nd nd
C18:0 7.8 ± 0.2 a nd 4.77 ± 0.02 d 6.5 ± 0.2 b 5.26 ± 0.02 c

C18:1n9c nd nd 4.62 ± 0.04 a nd 3.941 ± 0.006 b

C18:2n6c 13.5 ± 0.5 c 19.68 ± 0.05 a 12.25 ± 0.09 d 15.27 ± 0.02 b 10.318 ± 0.004 e

C18:3n3 52.9 ± 0.2 a 44.23 ± 0.02 b 40.334 ± 0.001 c 36.8 ± 0.3 e 38.99 ± 0.02 d

C20:0 nd nd 3.41 ± 0.02 b nd 4.63 ± 0.05 a

C20:3n3 nd 6.71 ± 0.07 b 1.420 ± 0.001 d 18.4 ± 0.2 a 3.6 ± 0.1 c

C22:0 6.7 ± 0.2 a nd 4.045 ± 0.006 c nd 6.26 ± 0.02 b

C24:0 nd nd 4.19 ± 0.04 nd 5.3 ± 0.1
� SFA 33.4 ± 0.3 c 29.4 ± 0.1 d 39.3 ± 0.1 b 29.7 ± 0.2 d 41.5 ± 0.09 a

� MUFA nd nd 6.73 ± 0.03 nd 5.60 ± 0.03
� PUFA 66.4 ± 0.2 b 70.6 ± 0.1 a 54.00 ± 0.09 c 70.5 ± 0.1 a 52.9 ± 0.1 d
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3.2.5. Phenolic Compounds 

The chromatographic responses (Rt, wavelength of maximum absorption, deproto-

nated ion, and main MS2 fragments), tentative identification, and quantification of phe-

nolic compounds by LC-DAD/ESI-MSn, in the hydroethanolic extracts of the five different 

fig varieties, are present in Table 6. A total of thirteen compounds were found in the stud-

ied samples, including five phenolic acids (vanillic, caffeic, chlorogenic, and p-coumaric 

derivatives) and eight flavonoids (C-glycosylated derivatives of apigenin and luteolin and 

O-glycosylated derivatives of quercetin). Identifying the phenolic compounds was possi-

ble by a comparison with available standard compounds and data literature (Table S1, 

Supplementary Material). Peaks 3 ([M−H]− at m/z 353) and 5 ([M−H]− at m/z 179) were 

identified as 5-O-caffeoylquinic acid, and caffeic acid, respectively, by comparing their 

retention time (Rt), UV-spectra, and MS response with available standard compounds. 

The tentative identification of peaks 1 ([M−H]− at m/z 341), 3 ([M−H]− at m/z 353), 7/8 

([M−H]− at m/z 563), 9 ([M−H]− at m/z 545), 10 ([M−H]− at m/z 609), and 13 ([M−H]− at m/z 

593), as caffeic acid hexoside, trans 5-O-caffeoylquinic acid, apigenin-C-hexoside-C-pento-

side, vanillic acid -malonyl-rhamnoside-rhamnoside, quercetin-O-deoxyhexosyl-hexo-

side, and kaempherol-O-deoxyhexosyl-hexoside, respectively, followed the previously 
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acid (C15:1); palmitic acid (C16:0); palmitoleic acid (C16:1); heptadecanoic acid (C17:0); stearic acid (C18:0); oleic
acid (C18: 1n9c); linoleic acid (C18:2n6c); α-linolenic acid (C18:3n3); arachidic acid (C20:0); eicosatrienoic acid
(C20: 3n3); behenic acid (C22:0); lignoceric acid (C24:0); saturated fatty acids (SFA); monounsaturated fatty acids
(MUFA); and polyunsaturated fatty acids (PUFA). nd—not detected.

3.2.5. Phenolic Compounds

The chromatographic responses (Rt, wavelength of maximum absorption, deproto-
nated ion, and main MS2 fragments), tentative identification, and quantification of phenolic
compounds by LC-DAD/ESI-MSn, in the hydroethanolic extracts of the five different fig
varieties, are present in Table 6. A total of thirteen compounds were found in the stud-
ied samples, including five phenolic acids (vanillic, caffeic, chlorogenic, and p-coumaric
derivatives) and eight flavonoids (C-glycosylated derivatives of apigenin and luteolin and
O-glycosylated derivatives of quercetin). Identifying the phenolic compounds was possible
by a comparison with available standard compounds and data literature (Table S1, Supple-
mentary Material). Peaks 3 ([M−H]− at m/z 353) and 5 ([M−H]− at m/z 179) were identi-
fied as 5-O-caffeoylquinic acid, and caffeic acid, respectively, by comparing their retention
time (Rt), UV-spectra, and MS response with available standard compounds. The tentative
identification of peaks 1 ([M−H]− at m/z 341), 3 ([M−H]− at m/z 353), 7/8 ([M−H]− at
m/z 563), 9 ([M−H]− at m/z 545), 10 ([M−H]− at m/z 609), and 13 ([M−H]− at m/z 593),
as caffeic acid hexoside, trans 5-O-caffeoylquinic acid, apigenin-C-hexoside-C-pentoside,
vanillic acid -malonyl-rhamnoside-rhamnoside, quercetin-O-deoxyhexosyl-hexoside, and
kaempherol-O-deoxyhexosyl-hexoside, respectively, followed the previously reported re-
sults in the Portuguese common fig (Ficus carica L.) [37]. Peak 6 ([M−H]− at m/z 337)
was tentatively identified as 5-O-p-coumaroylquinic acid following a previous study [38],
and peak 4 ([M−H]− at m/z 579) was tentatively identified as luteolin-O-pentosyl-C-
hexoside by comparing it to what was previously reported [38]. Finally, peak 11 ([M−H]−

at m/z 463) and peak 12 ([M−H]− at m/z 549) were tentatively identified as quercetin-O-
hexoside and quercetin-O-malonyl-hexoside, as both presented major MS2 fragments at
m/z 301 corresponding to quercetin aglycone. This identification was achieved because
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peak 11 did not show other MS2 fragments, so the fragmentation only corresponded to
the loss of the hexosyl moiety, while peak 12 presented additional MS2 fragments at m/z
505 (44 u) and 463 (42 u) that corresponded to the loss of the malonyl group, linked to the
sugar moiety.

Regarding total phenolic compounds (TPC), the highest value was obtained for the
LA variety (42.4 ± 0.2 mg/g dw), while the lowest amount was observed in the BN variety
(16.75 ± 0.04 mg/g dw). For total phenolic acids (TPA), the highest amount was found
in the PA variety (8.54 ± 0.02 mg/g dw), and again the lower amount was observed in
the BN variety (2.455 ± 0.002 mg/g dw). The higher concentration of total flavonoids
(TF) was observed for the LA variety (35.80 ± 0.08 mg/g dw), with the BN variety
(14.30 ± 0.04 mg/g dw) presenting the lowest concentration of this class of compounds.

The variability of the phenolic compound composition observed between different
varieties has been related to different causes, such as genetic factors, water stress condi-
tions, geographical location of production, drying process, and sample ripening stage,
among others [37,39,40]. In a previous study where the influence of fig leaf ripeness
on five Pakistan varieties was investigated [41], the authors identified 14 phenolic com-
pounds, some coinciding with the ones found in this study. In another study [42], the
methanolic extracts from the leaves of ten Algerian fig tree varieties were analyzed. The
phenolic compounds quercetin-3-glucoside, caftaric acid, quercetin-3,7-diglycoside, and
coumaroyl-hexose were found in higher concentrations. Curiously, some of these com-
pounds were not found in the varieties analyzed in the present study.

Particularly, in evaluating some of the compounds, we can verify that
apigenin-C-hexoside-C-pentoside is the most abundant compound in all samples, be-
ing highest in the LA variety: LA (13.62 ± 0.08 mg/g extract) > DA (8.83 ± 0.09 mg/g
extract) > PA (6.63 ± 0.04 mg/g extract) > MA (6.40 ± 0.02 mg/g extract) > BN (6.19
± 0.06 mg/g extract). Another interesting compound, and with significant amounts in
all samples, is quercetin-O-deoxyhexosyl-hexoside, present in the DN variety with values of
9.903 ± 0.005 mg/g extract, followed by LA (9.33 ± 0.03 mg/g extract) > PA
(6.72 ± 0.03 mg/g extract) > MA (5.97 ± 0.02 mg/g extract) > BN (5293 ± 0.004 mg/g extract).

Although the DA variety did not show the highest TPC values (35.3 ± 0.2 mg/g ex-
tract), it was the one with the highest concentrations in the following phenolic compounds:
caffeic acid hexoside (1.08 ± 0.02 mg/g extract), caffeoylquinic acid (2.361 ± 0.003 mg/g
extract), apigenin-C-hexoside-C-pentoside (1.01 ± 0.01 mg/g extract), and quercetin-O-
deoxyhexosyl-hexoside (9.903 ± 0.005 mg/g extract). It is significant that caffeoylquinic
acid was only found in the DA variety. This acid, whose action has a defensive role against
oxidative stress (biotic and abiotic) in plants, is also associated with anti-inflammatory and
antioxidant properties [43].
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Table 6. Chromatographic identification by LC-DAD-ESI/MSn of the phenolic compounds present in fig leaves’ hydroethanolic extract (retention time (Rt),
wavelengths of maximum absorption in the visible region (max), spectral mass, tentative identification, and quantification).

Quantification (mg/g dw Extract)

Peak Rt (min) λmax (nm) [M−H]− (m/z) MS2 (m/z) Tentative
Identification PA LA DA BN MA

1 5.99 320 341 179 (100), 161 (18), 135 (5) Caffeic acid hexoside 0.747 ± 0.007 b 0.56 ± 0.02 c 1.08 ± 0.02 a 0.427 ± 0.006 d 0.54 ± 0.01 c

2 7.08 324 353 191 (100), 179 (12), 161 (7),
135 (5) cis 5-O-caffeoylquinic acid 1.52 ± 0.04 a 1.22 ± 0.02 b 1.27 ± 0.05 b 0.548 ± 0.007 d 0.67 ± 0.02 c

3 7.26 324 353 191 (100), 179 (9), 161 (8),
135 (5) trans 5-O-Caffeoylquinic acid nd nd 2.361 ± 0.003 nd nd

4 10.12 328 579 459 (22), 429 (83), 357 (63),
327 (100), 309 (54)

Luteolin
O-pentosyl-C-hexoside 3.5 ± 0.1 c 7.7 ± 0.1 a 3.99 ± 0.07 b 0.092 ± 0.001 e 3.1 ± 0.1 d

5 10.54 324 179 163 (100) Caffeic acid 2.55 ± 0.03 b 3.68 ± 0.03 a 2.16 ± 0.05 c 0.71 ± 0.01 e 1.02 ± 0.03 d

6 11.7 283 337 191 (100), 163 (12), 119 (10) 5-O-p-Coumaroylquinic acid 3.624 ± 0.002 a 0.95 ± 0.03 b 0.92 ± 0.02 b 0.599 ± 0.001 d 0.68 ± 0.02 c

7 12.88 337 563 473 (58), 443 (100), 383 (15),
353 (20), 311 (5), 297 (5)

Apigenin-C-hexoside-C-
pentoside 6.63 ± 0.04 c 13.62 ± 0.08 a 8.83 ± 0.09 b 6.19 ± 0.06 e 6.40 ± 0.02 d

8 14.37 338 563 473 (58), 443 (100), 383 (15),
353 (20), 311 (5), 297 (5)

Apigenin-C-hexoside-C-
pentoside 0.562 ± 0.002 d 0.87 ± 0.02 b 1.01 ± 0.01 a 0.592 ± 0.009 c 0.60 ± 0.01 c

9 15.72 287 545 501 (100), 459 (13), 313 (5),
167 (98)

Vanilic acid -malonyl-
rhamnoside-rhamnoside 0.104 ± 0.001 d 0.238 ± 0.003 a 0.181 ± 0.001 b 0.175 ± 0.001 c 0.178 ± 0.003 b,c

10 16.82 355 609 301 (100) Quercetin-O-deoxyhexosyl-
hexoside 6.72 ± 0.03 c 9.33 ± 0.03 b 9.903 ± 0.005 a 5.293 ± 0.004 e 5.97 ± 0.02 d

11 18.21 351 463 301 (100) Quercetin-O-hexoside 1.426 ± 0.005 b 1.00 ± 0.02 c 1.16 ± 0.02 a 0.586 ± 0.003 e 0.668 ± 0.002 d
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Table 6. Cont.

Quantification (mg/g dw Extract)

Peak Rt (min) λmax
(nm)

[M−H]−
(m/z) MS2 (m/z) TentativeIdentification PA LA DA BN MA

12 19.58 355 549 505 (52), 463 (43),
301 (100)

Quercetin-O-malonyl-
hexoside 3.640 ± 0.005 a 1.90 ± 0.03 b 1.39 ± 0.02 c 0.826 ± 0.001 e 1.28 ± 0.0 d

13 20 359 593 285 (100) Kaempherol-O-
deoxyhexosyl-hexoside 0.895 ± 0.009 c 1.38 ± 0.02 a 1.05 ± 0.01 b 0.718 ± 0.006 d 0.735 ± 0.009 d

�Total Phenolic Acids 8.54 ± 0.02 a 6.6 ± 0.1 c 7.98 ± 0.05 b 2.455 ± 0.002 e 3.08 ± 0.03 d

�Total Flavonoids 23.4 ± 0.1 c 35.80 ± 0.08 a 27.3 ± 0.1 b 14.30 ± 0.04 e 18.7 ± 0.2 d
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3.3. Bioactivity Evaluation

In addition to the chemical composition analysis, several bioactivities of the extracts
obtained from the five fig leaf varieties were also analyzed, and the complete results are
presented in Table 7.

Table 7. Antioxidant, cytotoxic activity, and inhibition of nitric oxide production evaluation of the
extracts obtained from fig leaves.

PA LA DA BN MA Positive Control

Antioxidant Activity
TBARS (EC50, mg/mL) 0.78 ± 0.02 d 0.74 ± 0.02 d 0.35 ± 0.01 b 0.23 ± 0.01 a 0.45 ± 0.03 c 0.0091 ± 0.0003

CAA (% inhibition by 2 mg/mL) 65 ± 11 a 60 ± 4 a 57 ± 5 a 40 ± 3 b 33 ± 3 c 95 ± 5

Cytotoxic activity
AGS

(GI50, µg/mL)

>400 173 ± 12 b 158 ± 13 a 235 ± 23 c >400 1.23 ± 0.03
MCF-7 253 ± 12 b,c 208 ± 7 a 223 ± 2 a,b >400 279 ± 24 c 1.02 ± 0.02
CaCo2 >400 >400 >400 >400 >400 1.21 ± 0.02
VERO >400 >400 >400 >400 >400 1.41 ± 0.06
PLP2 >400 225 ± 1 a 248 ± 10 b >400 >400 1.4 ± 0.1

Inhibition of nitric oxide production
evaluation

NO production inhibition (IC50, µg/mL) 82 ± 8 b >400 20 ± 5 a >400 89 ± 3 b 6.3 ± 0.4

For each row, significant differences, with α = 0.05, are represented with different letters. Positive controls were:
Trolox (TBARS), quercetin (CAA), ellipticine (cytotoxic activity), and dexamethasone (anti-inflammatory activity).

3.3.1. Antioxidant Activity

Currently, it is widely acknowledged that oxidative stress is involved in various
diseases such as cardiovascular diseases, Alzheimer’s, and cancer [44]. Thus, the antiox-
idant properties of the different leaf extracts of the five fig varieties are of interest. In
this study, the antioxidant activity was evaluated using the TBARS and CAA methods
(Table 7). The TBARS method measures the extract concentration that can inhibit by 50%
the formation of TBARS substances (EC50), thus preventing lipid peroxidation. Among
the five fig tree varieties under study, the BN variety showed the most promising results
with an EC50 value of 0.23 ± 0.01 mg/mL, followed by the DN (0.33 ± 0.01 mg/mL), MA
(0.45 ± 0.03 mg/mL), LA (0.74 ± 0.02 mg/mL), and finally PA (0.78 ± 0.02 mg/mL) va-
rieties. When using the CAA methodology, the leaf extracts with the highest inhibition
percentage were obtained from the PA variety, followed by LA and DA with 65 ± 11%,
60 ± 4%, and 57 ± 5%, respectively (percentage obtained at an extract concentration of
2 mg/mL). Previous studies also reported antioxidant activity for extracts of fig leaves
using the DPPH assay [45,46], with an EC50 value of 0.259 mg/mL, in line with the values
obtained in this study.

3.3.2. Cytotoxic Activities

The cytotoxic activity of five fig leaf extracts was performed on three tumor cell lines,
AGS (gastric adenocarcinoma), MCF-7 (breast carcinoma), and CaCo2 (colon adenocar-
cinoma). The toxicity of the extracts was also evaluated in non-tumor lines, specifically,
VERO (non-tumor culture of African monkey embryo kidney) and PLP2 (pig liver pri-
mary cell line). The results are expressed in GI50, the concentration capable of inhibiting
50% cell proliferation (Table 7). Regarding cytotoxic activity in the tumor cell line tested, the
one presenting the highest susceptibility to fig leaf extracts was AGS, followed by MCF-7,
with no cytotoxicity observed in CaCo2 cells. The more potent antitumor varieties were
LA and DA, with GI50 values for AGS of 173 ± 12 and 158 ± 13 µg/mL, respectively, and
GI50 values for MCF-7 of 208 ± 7 and 223 ± 21 µg/mL, respectively. Recently, researchers
have investigated the antiproliferative effect of fig leaves in breast cancer cell lines [46] and
observed an antiproliferative activity when using the MDA-MB-231 cell line. They also
correlated the antiproliferative effect of the fig leaves extracts with two major active compo-
nents observed in the leaves: psoralen and bergapten. The findings from this study [47] are
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in line with our results, especially when comparing the fig leaf extract’s antiproliferative
activity against the MCF-7 breast cancer cell line, which was one of the most susceptible
cell lines in this study. Regarding the antiproliferative activity in non-tumor cells, no
cytotoxicity was observed for the VERO cell line. Limited antiproliferative activity was
observed in the PLP2 cell line, with only the LA and DA varieties presenting GI50 values of
225 ± 11 and 248 ± 10 µg/mL, respectively.

3.3.3. Inhibition of Nitric Oxide Production Evaluation

The inhibition of nitric oxide production evaluation was performed in murine
macrophages (RAW 264.7 cells). For this assay, it is possible to verify that leaf extracts
obtained from the LA and BN varieties showed no perceivable activity. The remaining
extracts, on the other hand, presented very good results for the inhibition of nitric oxide pro-
duction with IC50 values ranging from 20 ± 5 µg/mL in the DA variety to 82 ± 8 µg/mL in
the PA variety and 89 ± 3 µg/mL in the MA variety. These results are quite interesting and
demonstrate that fig leaves may be a potential source of compounds with a capacity of the
inhibition of nitric oxide production. A previous study [48], where the anti-inflammatory
activity of a hydroalcoholic extract obtained from fig leaves was measured in an in vivo
study using the carrageenan-induced paw edema method, corroborates the finding in this
study. Of note is the significant variation of anti-inflammatory activity between the five
varieties, with the LA and BN varieties presenting no activity and DA with a very satisfac-
tory result for the inhibition of nitric oxide production (20 ± 5 µg/mL), when compared
to the value obtained by dexamethasone, the known anti-inflammatory compound used
as the control (6.3 ± 0.4 µg/mL). The DA result may be due to the fact that this variety is
the one presenting the highest concentrations in some phenolic compounds such as caffeic
and caffeoylquinic acid, apigenin, and quercetin, whose action has a defensive role against
oxidative stress (biotic and abiotic) in plants; it is also associated with anti-inflammatory
and antioxidant properties [48].

4. Antimicrobial Activity

The leaf extracts’ antimicrobial activity for the five fig varieties under study was
assessed using various food bacterial and fungal strains (Table 8). The DA variety ex-
tract showed the most promising antibacterial activity, with MIC values of 1.25 mg/mL
against Y. enterocolitica, 2.5 mg/mL against E. coli and S. aureus, and 5 mg/mL against
S. enterica. However, the most potent antibacterial activity observed was obtained by the
BN variety, with a MIC of 0.6 mg/mL against Y. enterocolitica and a MIC of 5 mg/mL
against E. Coli. The MIC value for the PA variety extract was determined to be 5 mg/mL for
L. monocytogenes and A. fumigatus. Finally, the LA and MA extracts have shown antibac-
terial activity against only Y. enterocolitica and E. coli, with a MIC value of 5 mg/mL. The
P. aeruginosa was not susceptible to any of the extracts assessed to a maximum concen-
tration of 10 mg/mL. In a previous study [44], in which fig leaves’ aqueous extracts
were also tested, the authors observed moderate antibacterial activity against S. aureus
(0.625 mg/mL) and weak antifungal activity (≥2.5 mg/mL) when tested against
C. albicans. In another study [45], a fig leaf ethanolic extract presented an antibacterial effect
on E. faecalis with an MBC of 50%. The reported results for the antimicrobial activity may
be explained by the phenolic composition of the studied samples, as phenolic compounds
are known to have a variety of bioactivities, one of which is the ability to inhibit the growth
of micro-organisms [49].
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Table 8. Antimicrobial activity against food micro-organisms.

Fig Leaves Varieties Positive Control

PA LA DA BN MA Streptomycin
(1 mg/mL)

Methicillin
(1 mg/mL)

Ampicillin
(20 mg/mL)

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBS MIC MBC

Gram-negative bacteria

E. cloacae 10 >10 10 >10 10 >10 10 >10 10 >10 0.007 0.007 n.t. n.t 0.15 0.15
E. coli 10 >10 10 >10 2.5 >10 5 >10 5 >10 0.01 0.01 n.t. n.t. 0.15 0.15
P. aeruginosa >10 >10 >10 >10 >10 >10 >10 >10 >10 >10 0.06 0.06 n.t. n.t. 0.63 0.63
S. enterica 10 >10 10 >10 5 >10 10 >10 10 >10 0.007 0.007 n.t. n.t. 0.15 0.15
Y.
enterocolitica 10 >10 5 >10 1.25 >10 0.6 >10 0.6 >10 0.007 0.007 n.t. n.t. 0.15 0.15

Gram-positive bacteria

B. cereus 10 >10 10 >10 >10 >10 >10 >10 >10 >10 0.007 0.007 n.t. n.t. n.t. n.t.
L. monocyto-
genes 5 >10 >10 >10 >10 >10 >10 >10 >10 >10 0.007 0.007 n.t. n.t. 0.15 0.15

S. aureus 10 >10 10 >10 2.5 >10 10 >10 10 >10 0.007 0.007 0.007 0.007 0.15 0.15

Fungal strains Ketaconazole (1 mg/mL)

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC

A. brasiliensis 10 >10 10 >10 10 >10 10 >10 10 >10 0.06 0.125
A. fumigatus 5 >10 10 >10 >10 >10 10 >10 10 >10 0.5 1

Results are expressed as mg/mL of extract. MIC: minimum inhibitory concentration; MBC: minimum bactericidal
concentration; MFC: minimum fungicidal concentration; and n.t.—not tested.

5. Conclusions

The use of fig leaves for human well-being is historically proven. However, there are
few studies regarding fig leaves’ chemical and bioactive characterization. This study
presents a thorough chemical composition and bioactivity analysis of fig leaves’ hy-
droethanolic extracts obtained from five different varieties. The chemical composition
of organic acids, free sugars, tocopherols, fatty acids, and phenolics was analyzed, and
in general, many of the composition traits observed were similar across the five varieties.
However, differences in composition were observed between varieties and are highlighted.

The leaf extracts for all varieties presented oxalic, malic, quinic, and citric acids as the
primary organic acids. However, while quinic and citric acid had relatively stable concen-
trations across the varieties, oxalic and malic acids presented significant variations, with
the LA variety presenting higher quantities of oxalic acid and the DA variety presenting
higher quantities of malic acid. Regarding sugar content, fructose, glucose, and sucrose
were the main sugars observed, with trehalose and raffinose presenting significantly lower
amounts. However, the DA and BN varieties presented higher concentrations of total free
sugars and can be viewed as potential natural sweeteners. The leaves of the PA and LA
varieties presented the highest total tocopherols content, with β-tocopherol as the predomi-
nant isomer, with percentages above 78% across all varieties. A predominance of PUFA
fatty acids was observed, ranging from 53% for the MA variety to 71% for the LA variety.
The predominant fatty acid observed for all varieties was alpha-linolenic acid, followed
by palmitic acid and linoleic acid. Finally, for phenolic composition, the leaves from the
DA variety presented the thirteen compounds identified across all varieties (five phenolic
acids and eight flavonoids). The phenolic composition highlights the flavonoid deriva-
tives apigenin-C-hexoside-C-pentoside and quercetin-O-deoxyhexosyl-hexoside, which are
present in significant amounts among the five extracts analyzed.

Considering the biological activities analyzed, moderate results were obtained for
the antioxidant activity of the five extract varieties. However, the LA and the DA extracts
presented the highest values of cytotoxic activity against AGS and MCF-7 tumor cells. We
propose that the cytotoxic activity of the LA and DA variety extracts against AGS and
MCF-7 cells is probably related to the higher concentrations of phenolics, especially the
flavonoids apigenin-C-hexoside-C-pentoside and quercetin-O-deoxyhexosyl-hexoside.
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The most interesting result for the inhibition of nitric oxide production evaluation, was
presented by the DA variety (20 ± 5 µg/mL). These results could be related to flavonoids’
high content, especially quercetin-O-deoxyhexosyl-hexoside, or the higher concentration of
free sugars observed in the DA extract composition. The DA and BN varieties presented the
most promising activities for antimicrobial activity, especially against the Gram-negative
bacteria Y. enterocolitica.

Leaves are considered biological waste and have no associated monetary value. Still,
they can be explored as alternative sources of specific biomolecules used by different
industries. This study documents the characterization of five fig tree varieties and suggests
the exploitation of fig leaves for applications in products in the food, nutraceutical, and
cosmeceutical area, promoting bio-waste valorization, supporting the circular economy,
and achieving the sustainability goals set for 2030.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pr11041179/s1, Table S1: MS spectrum data and DAD spectrum
information of the phenolic compounds tentatively identified in fig leaves hydroethanolic extract.
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