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Nutritional value antioxidant
strength and antimicrobial efficacy
of fig pastes from eastern morocco
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Figs are delectable, beneficial, nutritious, and seasonal; nevertheless, they deteriorate quickly, making
processing the optimal method for preservation. Drying figs is the most practical and efficient way

to preserve them. Paste is another possibility. The present study emphasizes the nutritional value of
two fig pastes, as well as their antioxidant and antimicrobial properties. Ghoudane (GD) and Chetoui
(CH) fig pastes are high in sugars, fiber, minerals, and antioxidants, making them nutritious. The
HPLC-UV-MS/MS analysis identified bioactive compounds of the two fig pastes under investigation.
The CH paste was found mainly to contain gallic acid, quercetin, 3’-methyl ether, and neochlorogenic
acid. Similarly, the GD paste notably comprises catechin, 3’-methyl ether, and neochlorogenic

acid. GD paste has more polyphenols (374.6 +4.57 mg GAE/100 g) and flavonoids (102.5+2.16 mg
QE/100 g) than CH paste. The GD paste was shown a strong antioxidant, as shown by its DPPH IC,
value of 5.62 +0.02 mg/mL and TAC value of 80.16 + 0.83 pg AAE /mg extract. Also, it revealed a strong
correlation between the contents of bioactive polyphenols and flavonoids and their antioxidant and
antimicrobial activities. Furthermore, hydroethanol fig paste extracts have shown high antibacterial
and fungal activity. In silico analysis showed that the bioactive chemicals in both pastes demonstrated
different levels of inhibition against the targeted proteins. The quercetin 3-methyl ether demonstrated
the highest efficacy in blocking NADPH oxidase, with a glide gscore of -6.307 K/mol. On the other
hand, neochlorogenic acid exhibited the highest efficacy in inhibiting the activity of two enzymes:
diphosphate kinase from Staphylococcus aureus (-10.493 kcal/mol) and B-ketoacyl-[acyl carrier

protein] synthase from Escherichia coli (-7.357 kcal/mol). Catechin is highly potent in inhibiting the
pathogenic fungus Candida albicans by targeting sterol 14-a demethylase (CYP51) with a glide

gscore of -7.638 kcal/mol. The fig paste is an important source of nutrients and biologically active
substances that can be used in several fields, such as food and phytopharmaceuticals. This confirms the
importance of the fig paste process as a way of increasing the value of the fig fruit, enhancing its utility,
and thereby increasing its reputation and appreciation.
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The fig (Ficus carica L.) fruit is typically consumed locally fresh or in dried, canned, or preserved form. Dried
figs, including those that are unfit for human consumption, can be used as animal feed!?. Several countries
import dried figs or paste. Turkey and the United States are the leading exporters of dried figs and paste!2.
Plants’ ability to create a wide range of natural chemicals is one of their most unique characteristics. Secondary
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metabolites, which may not have evident physiological functions, are valuable chemicals used in disciplines such
as pharmaceuticals and the agri-food industry®. Most of the figs produced are consumed in their fresh form.
Therefore, it is crucial to select cultivars that have the desired qualities for consuming fresh fruit, such as an
adequate fruity taste, an ideal balance between sweetness and acidity, and an excellent ability to withstand post-
harvest conditions*. Based on data from the United States Department of Agriculture (USDA), dried figs have
the highest nutrient score among all dried fruits due to their significant contribution of vitamins and minerals.
Fig is rich in iron, proteins, calories, and fiber. It has higher calcium content than milk. The fig has a nutritional
value of 11, while the date, raisin, and apple have nutritive indices of 6, 8, and 9, respectively>. Polyphenols are
secondary metabolites that are mostly found in plant tissues. They are produced through the shikimic acid
and phenylpropanoid pathways®. These polyhydroxy phytochemicals are aromatic molecules that have at least
one phenol group in their structure. They are the most common secondary metabolites found in plants, with
over 8000 known structures’. Phenolic substances are categorized into different subclasses, such as flavonoids,
phenolic acids, coumarins, curcuminoids, quinones, tannins, lignans, and stilbenes, based on their chemical
structures®.

The pulp and peels of various fig cultivars contain several bioactive compounds, including ferulic acid, 3-O-
and neochlorogenic acids, quercetin-3-O-glucoside, quercetin-3-O-rutinoside, psoralen, bergaptenn, gallic
acid, syringic acid, catechin, epicatechin, luteolin, 6 C-hexose-8 C-pentose, and apigenin-rutinoside. These
antioxidants have important pharmacological and health effects®~'%. Polyphenolics have recently received a
lot of attention in the scientific world, prompting various investigations on these compounds. According to
research, ingesting beverages and foods high in phenolic content can reduce the risk of heart disease by acting
as antioxidants against low-density lipoprotein'!. Figs were found to have a high total lipid content compared
to other fruits such as apples, grapes, and citrus fruits. This can be explained by the fact that figs contain a large
number of small, oil-rich seeds'?. One of the attractive parts of the whole fig, which influences both its nutritional
value and health effects, is its seeds. The inner part of the fig is a white skin containing a seed mass bound by jelly-
like flesh'®. Fig seeds vary greatly in size, being large, medium, small, or minute, and their number ranges from
30 to 1600 per fruit'>!. There are many edible seeds in a fig, and they are usually hollow unless they have been
pollinated. The characteristic nutty flavor of dried figs comes from the seeds. Nowadays, fig seeds can be used
as a source of edible oil and lubricant!?. The less studied part of the fig fruit is the seed, which contains oil, fatty
acids, phenolic, and antioxidant properties'>!°. Fig seeds contain yellow-colored oil ranging from 21.5 to 28.5%.
Fig seed oil is also rich in nutrients such as carbohydrates, calcium (Ca), potassium (K), and phosphorus (P).
In addition, they have higher amounts of unsaturated fatty acids such as alpha-linolenic acid (26.3%), linoleic
acid (24.2%), and oleic acid (19.6%) as determined by gas chromatography/mass spectrophotometry (GC/MS)
analysis compared to saturated fatty acids such as palmitic acid ranging from 8.54 to 9.05% and stearic acid
ranging from 2.59-3.3%5. The antioxidant capacity was 140.1 mg/TE/100 g. It also contains 314.6 mg/100 g of
y-tocopherol®. This fig seed oil could be used as a supplement in the treatment of diseases such as cardiovascular
disease, gastrointestinal disorders, and diabetes. As fig seeds are too small to chew or eat, they cannot be used as
a beneficial food source. They are indigestible and are usually eliminated from the body in the feces!”.

The bioactivities of polyphenolics have been the subject of substantial scientific inquiry. These studies have
revealed a wide spectrum of polyphenolic properties, including antioxidant, antibacterial, anti-inflammatory,
and antiproliferative activity'®. Researchers and food manufacturers are increasingly interested in the antioxidant
capabilities of phenolics and their possible involvement in preventing numerous disorders related to oxidative
stress’. The trend of investigating natural sources of antioxidants has gained traction, especially due to the
removal of synthetic antioxidants in food applications. Recently, nutritionists have focused on studying the
nutritional and physiological advantages of polyphenols. They have acknowledged that polyphenols can affect
oxidative stability, color, bitterness, odor, astringency, and flavor®. Scientists have extensively studied natural
antioxidant molecules because of their promise in treating conditions related to oxidative stress. Furthermore,
their biological qualities, specifically their antimicrobial qualities, make them valuable assets in the food
business'’. The incorporation of chemical structures from different medications into plant derivatives provides
a valid explanation for the evident resurgence in the application of plant-based medicine. Traditional medicine
is the predominant healthcare approach utilized by 80% of the global population in Africa. The majority of
conventional medicines utilize plant extracts or their active constituents?’. The rise of germ resistance to current
antibiotics, along with the negative impacts of modern medications and the limited availability of antibiotics
in the pipeline, has emphasized the significance of discovering novel antimicrobial medications. As a result,
scientists have shifted their focus toward studying the antimicrobial characteristics of medicinal plants?!-?2,

Chetoui and ghoudane fig varieties have been selected in eastern Morocco because of their extensive
distribution and commercial value. These two local fig varieties belong to the common fig type, and the chetoui
(CH) variety is a uniferous fig tree that produces solely parthenocarpic autumn figs, which are also known
as “karmos” In contrast, the ghoudane (GD) variety has biferous characteristics, producing parthenocarpic
flower figs known as “Bakor” in the spring and parthenocarpic “karmos” figs throughout the autumn. From
an agri-food standpoint, as a summer fruit, these two fresh figs have an excellent taste; they are sought after
and appreciated by consumers not only because of their outstanding quality but also because of their favorable
pomological parameters. The autumn fig skin color of CH is green with purple spots (Fig. 1), while GD is black
(Fig. 2); these two varieties can be enjoyed fresh or dried?.

In eastern Morocco, the fig tree is an important fruit tree. The annual “Aghbal fig festival” in Ahfir, the
region’s main fig producer, is a celebration of the fruit. This event recognizes the economic and socio-cultural
importance of the fig tree and its products. As drying ovens are not readily available in the eastern region of
Morocco, farmers and the general public often rely on the sun to dry CH and GD figs. The second option is the
production of fig paste. Both initiatives have the same goal: to increase the opportunity to enjoy the benefits
of this prized fruit, to manage the market for fresh figs, and to maximize economic benefits. Figs are widely
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Fig. 1. Original photo of a fresh fig Chetoui (CH) taken from the study site during the ripening stage in 2023.

b

Fig. 2. Original photo of a fresh fig Ghoudane (GD) variety taken from the study site during the ripening stage
in 2023.

consumed fresh in the eastern region of Morocco, largely due to their high nutritional value, appealing flavor,
and relatively short shelf life. Furthermore, it is important to emphasize the importance of using the fig paste
conversion process in order to appreciate and adapt the offering of this blessed fruit in this region.

There has been no previous research in this area on the composition, characteristics, nutritional, and biological
components of CH and GD pastes, nor has it examined their antioxidant and antimicrobial properties. This
study seeks to illustrate that fig pastes serve as a significant source of nutritional and specific bioactive substances
for application in food and phytopharmaceuticals, while also affirming that their utilization can augment the
value of fig fruit, so elevating its reputation and esteem. In order to ascertain the nutritional value and benefits
of the two fig pastes under consideration, as well as to confirm their similarities or differences, it was necessary
to use traditional analytical techniques. In addition to this, HPLC-UV/MS/MS was used to qualitatively define
their bioactive components and to evaluate their antioxidant and antimicrobial properties. The in silico method
was employed to validate and ascertain the participation of the bioactive components found in the examined
fig paste extracts in antioxidant and antimicrobial activities. Additionally, it aimed to elucidate the mechanisms
by which some of these biologically active substances function in these specific antioxidant and antimicrobial
applications.

Materials and methods

Sampling and preparation of fig pastes

The current study focused on the pastes of two dried fig varieties: Chetoui (CH) and Ghoudane (GD), using the
local vernacular name given by the farmer to the crop and variety. The identification of the plant was done by
the professional botanist, Professor Fennane Mohammed from Scientific Institute in Rabat, Morocco, where a
voucher specimen of the plant is deposited at the plant section of Herbarium University Mohammed Premier
Oujda (HUMPO 100) Morocco. These adult trees in farmers’ traditional orchards are approximately the same
age of twelve years in the four study locations in Aghbal, near the town of Ahfir (Fig. 3).

Fig fruit was inspected and sampled from the most mature, healthy, disease-free basal fruit collected at mid-
ripening according to the fig descriptors®. Samples were taken at random, and an attempt was made during
collection to remove the influence of exposure by taking the same three fruits from all cardinal points: north,
south, east, and west. Samples of 240 fresh figs (twelve fruits per tree and five trees per variety in each location)
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were collected and immediately taken to the laboratory, mixed, and then rinsed with drinking water to remove
contaminants.

The fig fruit is steamed in a thermic fluid steel-jacketed kettle at 100 °C for 20 min to soften the fig fruit.
Boiling allows soluble fibers to dissolve. The cooked fruits are ground in a fruit grinder, then we crush them in
a fruit pulper and press them until the result is a smooth and homogenous paste. The final product is separated
into four 100 g aliquots for each variety, which are then packaged into glass bottles intended for storage at 20 °C.

Process of extracting

The extraction from different pastes was achieved by macerating them in a process called “solid-liquid extraction”
using 95% ethanol. After blending 30 g of finely ground fig paste with 300 mL of the extraction solvent, the
mixture was soaked in the dark at 20 °C for 24 h with occasional stirring. After passing through a filter paper
of Whatman n°1, the liquid extracts were immediately examined to determine the quantities of the bioactive
compounds being studied, as well as their antioxidant characteristics*®. In addition, the following parameters
are also measured: pH, titratable acidity (expressed as a percentage of citric acid), vitamin C content (measured
in mg per 100 g), conductivity (measured in mS. m™), soluble solids content (measured in °Brix), and total
sugar content (expressed as a %). The solvent in the fig paste extract was removed through evaporation at a
temperature of 45 °C using a BUCHI type rotary evaporator under vacuum conditions. This process resulted in
the formation of a dried residue, which was then used to investigate the antimicrobial activity. The extraction
efficiency (EE) is calculated by the following formula:

EE(%) = Mext/Mpm x 100

EE: Extraction efficiency in %;

Mext: Mass of extract after evaporation of solvent in mg;

Mpm: Mass of initial plant material (dry weight) in mg.

EE=15.2% for CH paste, while EE=15.9% for GD paste.

The process parameters (nature and preparation of the material to be extracted, chemical structure of the
phenolic compounds, extraction time, solid/liquid ratio, extraction method used, and possible presence of
interfering substances.) influence the extraction efficiency. However, the solvent and the temperature generally
have the greatest influence on the efficiency of the extraction of bioactive compounds from plant material?.
It is generally known that alcohol/water solutions have a better influence on the extractability of phenolic
compounds compared to the mono-component solvents. As the phenolic compounds of different plants differ
structurally, it is difficult to develop a standardized extraction method that would simultaneously extract all the
inherent phenolic compounds?.

Assessment of the physicochemical parameters of fig pastes

Moisture, ash and organic matter of fig paste

The moisture content was measured by subjecting 5 g of fig paste to the drying oven (Daihan Labtech Co., Ltd.,
MODEL LDO-150 N, Indonesia) in intact capsules for 2 h at a temperature of 103+2 °C. The capsules were
subsequently cooled in a desiccator before being weighed, and this procedure was repeated until a stable weight
was achieved?’.

Dry matter % = 100% — moisture%

5 g of the sample were burned for three to 5 h at 550 °C in a muffle furnace (STUARTSCIENTIFIC CO. LTD.
FURNACE, Great Britain) to determine the amount of ash or minerals present?. The crucibles were then
allowed to cool in a desiccator and weighed repeatedly until a consistent weight was reached. It was said that the
finished product was white or greyish-white in color?®?°. After calcination, the percentage of total organic matter
is determined. Organic matter is responsible for the observed mass loss.

Massoforganicmatter = massoftotalmatter — massofashes

Y%organicmatter = (massoforganicmatter /massoftotalmatter) x 100

Analysis of fig paste’s pH, titratable acidity, total soluble solids, and conductivity

It should be noted that all of the aforementioned analytical methodologies were executed in triplicate. To measure
pH, 5 g of sample were added to 50 mL of distilled water in a beaker. The mixture was cooked in a 70 °C water
bath (Memmert D-91126 Schwabach FRG, Germany) for 1 h, stirring occasionally with a spatula®’. The mixture
was ground in a mortar, and it was ensured that the electrode was immersed in the resulting solution prior to
the reading of its pH value. The AFNOR method (NF V O5-101, 1970) was utilized to test the titratable acidity,
expressed as a % of citric acid. The procedure entailed the titration of a 0.1 N sodium hydroxide solution until
the phenolphthalein indicator exhibited a pink coloration for 30 s, thus indicating an increase in pH to 8.12%. The
quantification of soluble solids content (Brix) was accomplished through the utilization of a digital refractometer
(HANNA NUMERIQUE HI 96801-ECHELLE 0-85% BRIX, France)’. The measurement of conductivity was
undertaken using a solution comprising 20% solids from the paste figs. Thereafter, the conductivity meter’s
electrode was immersed directly into the solution. The resulting reading was obtained immediately from the
conductivity meter’s (C833, Consort, Turnhout, Belgium) display>!.
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Examination of Fig Paste’s macronutritional and vitamin C

These chemical assays were performed in triplicate. Dubois et al.’s colorimetric method was used to determine
the total sugar composition of fig paste®. The Weende method, first published by Henneberg and Stohmann
in 1859, was used to determine the crude fiber content. This procedure involved treating the sample with
sulfuric acid and potash in that order®®. The AFNOR technique (1982) was used to analyze the lipid content,
as stated in NF EN ISO 734-1(2000). The Soxhlet device was used to extract hexane from paste fig sample®.
While, the Kjeldhal method**was used to measure the protein content. The quantity of ascorbic acid was
ascertained through the following procedure. 1 g of the fig paste was combined with 10 mL of oxalic acid (1%)
and stirred for 15 min. Thereafter, the mixture was filtered and 3 mL of the filtrate was mixed with 1 mL of
2,6-dichlorophenolindophenol (DCPIP) (5 mM). Following this, the mixture’s absorbances were measured at
515 nm after 15 s. This procedure enabled the concentrations of ascorbic acid (AA) - expressed in mg of AA per
100 g of dry matter - to be estimated?”.

Total polyphenols content determination in the fig paste

The Folin-Ciocalteu (FC) method was used to determine the total polyphenol content (TPC). 100 pL extract is
mixed with 500 pL FC reagent and 400 pL of 7.5% (w/v) Na,CO,. The mixture is stirred and incubated in the
dark at 20 °C for ten minutes, and then the absorbance is measured at 760 nm. The values are then expressed
as mg of gallic acid equivalent (GAE) per g of dry fig paste, with the gallic acid calibration curve serving as a
reference. The TPC was calculated by using the calibration curve obtained as y=4.96 x +0.29 with R?=0.99.

The total flavonoid content determination in the fig paste extracts

The AICI, method was employed to determine the total flavonoid content (TFC). To do the test, we mixed 500 uL
of each extract with 1500 uL of 95% methanol, 100 uL of 10% (m/v) AICL,, 100 uL of 1 M sodium acetate, and 2.8
mL of distilled water. For 30 min, the mixture is mixed and incubated in the dark at room temperature. The blank
is formed by replacing the extract with 95% methanol, and the absorbance at 415 nm is measured. The results of
the quercetin calibration curve are expressed as the quercetin equivalent (QE) in mg per g of dried fig paste’.
The TFC was calculated by using the calibration curve obtained as y=6.21 x+0.20 with R?=0.98.

HPLC- UV-MS/MS analysis of fig paste extracts

Phenolic compounds were analyzed qualitatively using HPLC-UV-MS/MS analysis with aliquid chromatography
system coupled with a triple quadrupole mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA). We
used a Kinetex C18 reversed-phase column (100 x 4.6 mm, 2.6 um particles) to separate solvent A (0.1% formic
acid aqueous solution) and solvent B (methanol), as described in the study of Bouaouda et al. (2023): 0-3 min,
linear gradient from 5 to 25% B; 3-6 min, at 25% B; 6-9 min, from 25 to 37% B; 9-13 min, at 37% B; 13-18 min,
from 37 to 54% B; 18-22 min, at 54% B; 22-26 min, from 54 to 95% B; 26-29 min, at 95% B; 29-29.15 min, going
back to initial conditions at 5% B; and re-stabilizing the column from 29.15 min to 31 min to the initial gradient
5% B. Standard was analyzed under the same conditions. The identification of phenolic compounds relied on
comparing retention times and mass spectra with those of standards, as well as referencing the NIST-MS/MS
library.

Antioxidant activity determination of fig paste extracts

Total antioxidant capacity

The total antioxidant capacity was assessed using the phosphor-molybdenum method, as outlined in the
references®*~*L. The standard/extract solution, measuring 0.1 mL, was mixed with a reagent solution containing
0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate. The mixture was then
incubated at a temperature of 95 °C for 90 min. The solution was allowed to cool to the temperature of the
surrounding environment, and the level of light absorption at a wavelength of 695 nm was determined. Except
for the test sample, the blank solution included all of the reagents. A standard curve was generated utilizing
ascorbic acid. The results were expressed in terms of ascorbic acid equivalents (AAE)*2,

DPPH radical scavenging assay

To estimate antioxidant activity, the fig paste extracts DPPH (2, 2-diphenyl-1-picrylhydrazil) radical scavenging
capacity was used. The extract’s IC, value represents the concentration required to reduce DPPH by 50%. Lower
IC, values indicate high scavenging activity. Different concentrations of each extract and ascorbic acid standard
were generated. Each concentration of extract or standard was added to 2.5 mL of the prepared DPPH ethanol
solution (2 mg DPPH/100 mL ethanol) to make a final volume of 3 mL. After 30 min at 20 °C, absorbance at
515 nm was measured against a control (all reagents except the extract or standard)®. Using the following
formula, the DPPH free radical scavenging activity was estimated in percentage (%):

RadicalScavengingActivity (%) = [(JA](Control) — [A](Sample))/[A](Control)] x 100

[A](Sample) = [A](fresh or dried extract or standard at different concentrations)

The IC,, values were found using GraphPad Prism 8 to make a curve of the antioxidant concentration (mg/mL)
versus inhibition.
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Antimicrobial activity assay of fig paste extracts

Five different microorganisms were employed in this experiment. There were two types of Gram-negative
bacteria in the group: Escherichia coli (ATCC 25922) and Pseudomonas aeruginosa (ATCC 27853); two types of
Gram-positive bacteria, Staphylococcus aureus (ATCC 25923) and Bacillus subtilis subsp. spizizenii (ATCC 6633);
and one type of pure fungus, Candida albicans. These microorganisms were cultivated at +4 °C on Biorad’s
Muller-Hinton agar (MH) to facilitate their growth. Every two weeks, the cultures were frequently moved to
promote growth and carefully examined for purity. Dimethyl sulfoxide (DMSO) was used to solubilize the
samples. Petri dishes were filled with twenty milliliters of aseptic Mueller Hinton agar (Sigma, Paris, France)
and then inoculated with a 200 pL cell solution. Using the McFarland 0.5 procedure, the concentration of the
cell suspension was brought down to 10colony-forming units per milliliter (cfu/mL). Six-millimeter filter
paper discs, free of bacteria or other microorganisms, were soaked in 20 pL of the extract solution. These discs
were then deposited on the agar surface. The plates were kept in an incubator for twenty-four hours at 37 °C.
Imipenem (10 pg) and fluconazole (0.6 ug) were used as positive controls by the experimental group. Paper discs
containing 20 pL of pure water or DMSO served as the negative controls. Digital calipers were used to measure
the inhibitory zones, and to reduce error, the measurements were made three times. A serial dilution method
was used to find the minimum inhibitory concentration (MIC) for microbial growth in 96-well microtiter
plates®. The exact amount of extract used in the test was found by taking out the solvent from 1 mL of extract,
soaking the dry extract in 20% v/v DMSO, and then diluting it by a factor of 10 in Mueller-Hinton broth. 100
uL of the bacterial or fungal solutions and dilutions were then put into microtiter plates and incubated for 24 h
at 37 °C. Mueller-Hinton broth mixed with 100 pL of bacterial solution made up the positive control. On the
other hand, 100 pL of diluent was combined with 100 uL of bacterial-free extract to create the negative control.
After 24 h, the turbidity of the positive and negative results was evaluated relative to the control well. Given that
a clear well was present, the MIC values were identified as the minimal concentration of the extract (from 16 to
1000 pug/mL) that completely inhibited microbial growth. Three different experiments were run to determine the
validity of each extract.

Molecular docking study

The molecular docking analysis was performed using the Maestro 11.5 software from the Schrodinger suite,
which is well-known for its ability to optimize lead compounds, perform virtual screening, and provide detailed
insights into protein-ligand interactions. The study’s goal was to find out how the chemicals in two fig pastes
interact with the active sites of four different target proteins. These proteins are NADPH oxidase, -ketoacyl-
[acyl carrier protein] synthase from Escherichia coli, nucleoside diphosphate kinase from Staphylococcus aureus,
and sterol 14-a demethylase (CYP51) from the pathogenic yeast Candida albicans. The aim was to evaluate the
antioxidant and antibacterial characteristics of the fig pastes. The glide gscore, measured in Kcal/mol, represents
the potential energy alteration that occurs when the protein and ligand interact. Consequently, a highly negative
score indicates a robust binding, while a less negative or even positive value indicates a weak or nonexistent
binding.

Protein preparation

We got the crystal structures of the target proteins from the RCSB database. These are NADPH oxidase (PDB ID:
2CDU), B-ketoacyl-[acyl carrier protein] synthase from Escherichia coli (PDB ID: 1FJ4), nucleoside diphosphate
kinase from Staphylococcus aureus (PDB ID: 3Q8U), and sterol 14-a demethylase (CYP51) from Candida
albicans(PDB ID: 5FSA). The protein preparation process was carried out using the Protein Preparation Wizard
in Maestro 11.5. This involved performing preprocessing, refinement, and reduction processes. Hydrogen atoms
were introduced, and hydroxyl groups, water molecules, and amino acids were rearranged to address structural
problems such as atom overlap or absence. The proteins were then subjected to minor optimization to improve
their architecture®%,

Ligand preparation

For ligand preparation, the Ligprep tool in Maestro 11.5, which is part of the Schrodinger suite, was used. During
this process, 2D structures were turned into 3D ones, hydrogen atoms were added, bond length and angle errors
were fixed, and structures were made as small as possible using the OPLS3 force field. The ionization states were
modified, and the chirality was maintained during the preparation process*®*’.

Receptor grid generation

Receptor grids were created using Glide molecular docking, which used the coordinates of the original ligands
to determine the active sites. To investigate possible interaction conformations, the ligands were strategically
placed in the protein’s X-ray crystal structure. The method also involved determining sites, borders, rotatable
groups, and excluded volumes*®4.

Performing molecular docking

The docking process was performed using the Standard Precision (SP) mode, following the preparation of
ligands and proteins and the construction of grids. This model was chosen to evaluate the binding interactions
between molecules. Also found were the internal energy, root-mean-square deviation (RMSD), desolation
energy, hydrogen bonding, lipophilic interactions, and n-n stacking interactions. The binding energies were
given in kcal/mol. This method guarantees a swift and precise examination of the interactions between a ligand
and a protein, offering an in-depth understanding of the mechanisms involved in binding®®>!.

Scientific Reports |

(2025) 15:11693 | https://doi.org/10.1038/s41598-025-93173-4 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Statistical analysis

The correlation coefficients 2 for spectrophotometric tests were calculated with the Microsoft Office Excel 2021
software. We used IBM SPSS Statistics V21.0 software to do descriptive statistics, a t-student test or an ANOVA
one-way of the studied characteristics at a 5% level of significance, and a bivariate Pearson correlation analysis
with a level of significance of P<0.01.

Results and discussions

Physicochemical assessment of fig pastes

Fig paste’s moisture, dry matter, ash, and organic matter

A t-test (a=5%) showed no significant difference in moisture and dry matter content between CH and GD
pastes (Table 1). However, significant differences were observed in ash and organic matter content.

CH paste contained more moisture than their GD counterparts (25.81+0.13% vs. 25.32+£0.45%); these
proportions are in line with the standard of untreated dried figs that should not have moisture levels above
26.0%2. Understanding the moisture level of an agricultural product is crucial since it directly impacts the
weight of the product but does not contribute to the nutritional value of the animal. While animals do need
water, it is crucial to supply them with water directly rather than relying on water content in their food™. The
main objective of drying is to extend the shelf life of the product by reducing the moisture content and water
activity to inhibit microbial growth and enzymatic activity. However, the slowness of the process, depending on
climatic conditions, can lead to various problems, such as the growth and proliferation of microorganisms and
the loss of nutritional compounds®.

The dry matter content of the GD paste is higher than that of the CH paste (74.7 £0.45% vs. 74.20+0.13%).
The essential nutrients required for animal maintenance, growth, pregnancy, and lactation are contained in the
dry matter of the feed®>.

The ash content of CH fig paste was higher (2.90£0.01%) compared to GD paste (2.39 £0.04%). Conversely,
GD fig paste had a higher organic matter content of 97.61+0.04%, while CH fig paste had a lower organic
matter content of 97.10+0.01%. The variations in ash and organic matter content between both varieties may be
attributed to factors such as soil qualities, plant age, geographic origin, climatic circumstances, vegetative cycle,
or genetic background®>*. Aljane et al. (2009) found that the differences in the ash results were most likely due

to genetic traits rather than that of applied agro-technical measures and ecological growing conditions®’.

Fig paste extracts pH, titratable acidity, total soluble solids (Brix), and conductivity

The t-test at 5% significance level (see Table 1) shows that the pH, titratable acidity, and conductivity of the CH
and GD pastes are very different. On the other hand, the identical statistical analysis showed no discernible
difference between them in terms of soluble solids content (Brix).

The GD paste has a pH of 4.62, which is slightly lower than the pH of 4.71 of the CH paste, indicating a more
acidic nature. The reported acidic pH is due to the low water content of the samples, with organic acids being
the most common. The pH is an important component in food quality management and a key criterion for the
classification of fruit and vegetables as it affects their preservation. Studies have shown that a product with an
acidic pH is more resistant to biological and enzymatic changes than one with a neutral pH*.

Titratable acidity quantifies the total amount of acids present in a sample, and it serves as a valuable indicator
for estimating the optimal time for harvesting and assessing the fruit’s level of ripeness in terms of sugar content.
Typically, the amount of organic acid in food decreases as it matures. The titratable acidity of GD paste was
significantly higher than that of CH paste. Acidity influences taste; lower acidity may result in a bland flavor,
while excessive acidity can lead to an overly sharp taste®®>°.

The Brix content of CH paste was somewhat greater (19.25+0.05) than that of GD (19.18 £0.16). Any solid
that dissolves in water is referred to as a solubilized solid. This includes carboxylic acids, sugars, proteins, and
salts*®.

Fig paste parameters CH GD
Moisture % 25.81£0.13* | 25.32+0.45*
Dry matter % 74.20+0.13* | 74.7+0.45%
Ash % 2.90+0.01* | 2.39+0.04°
Organic matter % 97.10£0.01° | 97.61+0.04*
pH 4.7140.04* | 4.62+0.03°
Titratable acidity (% of citric acid) | 1.21£0.008" | 1.24+0.014*
Vitamin C (mg/100 g) 1.14£0.01* | 1.01+0.02°
Conductivity (mS.m™!) 92.65+0.81* | 85.08+1.08"
soluble solids content (Brix) 19.25+0.05* | 19.18+0.16%
Total sugars (%) 52.45+0.39% | 51.01+0.48>
Lipid (%) 1.51£0.043* | 1.10+0.025°
Protein (%) 3.55+0.08* |3.25+0.18*
Crude fiber (%) 543+0.24* |5.67+0.19*

Table 1. Measurements results of some physicochemical attributes of the two studied Fig pastes.
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Conductivity measurements give an approximation of the total number of ions in a solution. CH paste had
the highest electrical conductivity values (92.65+0.81 mS.m™'), whereas GD had the lowest values (85.08 +1.08
mS.m™"). These results are similar to those reported in dried figs from the same varieties in Eastern Morocco
(CH: 94.67-95.08 mS.m™!and GD: 81.29-82.2 mS.m™!)*°, and in dried fig from Moroccan markets (75.6-95.4
mS.m™1)%L

Fig paste macronutrients and vitamin C content

Based on the t-test conducted at a 5% significance level (refer to Table 1), it is evident that there are significant
differences in the total sugars, lipids, crude fiber, and vitamin C content between the CH and GD pastes.
However, the same statistical analysis showed no noticeable difference between them regarding protein content.

The total sugar concentration is important for the taste and ripeness of the fruit. It also plays a role in its
stability and shelf-1ife®. In this case, the sugar amount in CH paste is higher (52.45%) compared to GD paste
(51.01%). These findings regarding total sugar content are consistent with the study outcomes reported by
the Informatics Centre on Food Quality (CIQUAL) and the National Centre for Veterinary and Food Studies
(CNEVA) for dried Fig. (48.6-61.6%), and are significantly higher than the results obtained for freshly harvested
Fig. (9.5-16.5%)°".

The lipid content of CH paste is higher (1.51+0.43%) compared to GD (1.10 +0.025%). The results for lipid
content are aligned with those reported by CIQUAL and CNEVA for dried Fig. (0.0-1.7%), and are higher than
the values observed for fresh Fig. (0.0-0.5%)°!.Lipids are vital biological constituents that provide the requisite
energy, fatty acids, and fat-soluble vitamins®2. GD paste has a lower protein level (3.25+0.18%) compared to CH
paste (3.55+0.08%). These findings on protein levels are in line with the results of the CIQUAL and CNEVA
studies on dried Fig. (2.7-4.2%) and are higher than those obtained for fresh Fig. (0.8-1.3%)°!. Despite their
inferior biological value compared to animal proteins, plant proteins serve vital purposes in human diets, such
as enzyme and transporter activities as well as allergen defense agents®.

The crude fiber content of CH paste is lower (5.43 +0.24%) than that of GD paste (5.67 £0.19%). The levels of
crude fiber found in this study are relatively low compared to those reported by CIQUAL and CNEVA for dried
Fig. (7.5-16.2%), but higher than those found for fresh Figs. (2-2.8%)%". Plant cell wall complex carbohydrates
like cellulose, hemicellulose, and pectin are examples of dietary fibers that are indigestible to humans. People
who consume a diet high in fiber seem to have a greatly reduced chance of developing cardiovascular disease,
stroke, high blood pressure, diabetes, obesity, and a few gastrointestinal disorders®.

The GD paste has a vitamin C concentration of 1.01 mg/100 g, while the CH paste has a higher concentration
of 1.14 mg/100 g. These results for vitamin C concentration are in line with the results of the CIQUAL and
CNEVA studies for dried Figs. (0-5 mg/100 g) and fresh Figs. (1-15 mg/100 g)°!. Because of its biological
activities in the human body, vitamin C is critical for food quality in many horticulture crops®. Fruit variety,
post-harvest handling circumstances, pre-harvest environmental variables (such as sun exposure, cultural
practices, maturity, and harvesting method), and genotypic features are some of the many factors that influence
the variation in vitamin C content in fruit®>.

The values having different letters in lines are significantly different according to the t-test (P<0.05) and
(n=3).

Bioactive compounds and antioxidant activity of fig paste

Upon examination of the t-test 5% findings for TPC, TFC, and TAC, as well as the ANOVA 5% of the IC,,DPPH
radical scavenging test (Table 2), it became apparent that the hydroethanol extracts of CH and GD pastes were
not identical.

Ghoudanehydroethanol extract (GDHEE) has the most abundant amount of polyphenols, with a concentration
of 374.6 +4.57 mg GAE/100 g DW, whereas chetoui hydroethanol extract (CHHEE) has the least amount, with
a concentration of 306.4+1.80 mg GAE/100 g DW. The type and concentration of solvent, temperature, time,
sample/solvent ratio, number of extractions, and the method used for quantitative measurement are some of the
most important influences when evaluating the polyphenol content of a plant extract. The main disadvantage of
the colorimetric assay is its limited specificity for the Folin-Ciocalteu reagent, which works best with phenolic
compounds but also works with carbohydrates and proteins, although to a lesser extent®”. Polyphenols are
the predominant bioactive compounds found in our diet, with an average intake of 1 g/day. This amount is
approximately 10 times higher than the intake of vitamin C®. Secondary metabolites such as polyphenols are
widely distributed in plant foods, present not just in fruits and vegetables but also in cereals, legumes, tea, coffee,
and chocolate®.

The GDHEE contains more flavonoid content (102.5+2.16 mg of QE/100 g) than CHHEE (81.52+1.37 mg
of QE/100 g). Flavonoids are now considered an essential component of many medical, pharmaceutical,

CHHEE GDHEE
Total polyphenols content (TPC) mg GAE/100 g DW | 306.4%1.80" | 374.6+4.57"
Total flavonoids content (TFC) mg QE/100 g DW 81.52+1.37" | 102.5+2.16°
Total antioxidant capacity (TAC) pg AAE/mg extract | 73.37£0.96™" | 80.16+0.83"
DPPH IC,; mg/mL 6.82+0.02°" | 5.62+0.02°"
Ascorbic acid mg/mL (standard of DPPH IC, ) 1.5+0.10*"

Table 2. TPC, TFC, TAC and IC50 DPPH scavenging assay values obtained in the Fig paste extracts.
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nutraceutical, and cosmetic goods. This is due to their ability to influence key cellular enzyme function, as well
as their anti-oxidant, anti-inflammatory, anti-mutagenic, and anti-carcinogenic properties”’.

The antioxidant activity of the two fig pastes under investigation was assessed using two distinct methodologies
(Table 2). Both antioxidant activity evaluations indicated that GDHEE had the highest antioxidant activity
compared to the CHHEE.

According to the TAC method, GDHEE had the highest phosphomolybdenum reduction (80.16+0.83 ug
AAE/mg extract) compared to CHHEE, which had 73.37+0.96 ug AAE/mg extract. The difference in TAC
between the two fig pastes studied is statistically significant according to the t-student test at 5% threshold.

The DPPH IC,, value and the percentage inhibition are inversely related; a lower IC50 value indicates
increased antioxidant potency. Based on the DPPH IC,, results in this experiment. The ANOVA shows a
significant difference (P <0.05) between the two hydroethanol paste extracts studied and between them and the
standard ascorbic acid.

The values having different letters in lines are significantly different according to the t-test* or One-way
ANOVA** Tukey test (P<0.05) and (n=3). CHHEE,. Chetoui hydroethanol extract; GDHEE,. Ghoudane
hydroethanol extract.

Using DPPH equivalence to measure the antioxidant activity of the extracts in mg/mL, they ranked in this
order: the stronger antioxidant is the standard vitamin C (1.5£0.10), followed by GDHEE (5.62+0.02) and
finally CHHEE (6.82+0.02).

A bivariate Pearson correlation analysis was performed (Table 3) to investigate the association between
antioxidants and their effectiveness in eliminating free radicals. The results showed a significant and positive
association (correlation coefficient=0.978) between total phenolic content (TPC) and total flavonoid content
(TEC). There were also identical, robust negative correlations between TPC or TFC and vitamin C, with correlation
coeflicients of —0.961. Nevertheless, the results show that it is the polyphenolic and flavonoid components in the
hydro-ethanol extracts of the fig pastes studied that is mainly responsible for the antioxidant action to get rid of
harmful free radicals. This is evidenced by their strong and negative association with DPPH IC50 (-0.997 for
TPC and - 0.987 for TFC). There is also a strong positive association with TAC, with a correlation coefficient of
0.961 for TPC and 0.989 for TFC. On the other hand, there is a significant positive correlation between vitamin C
and DPPH IC50 (0.976) and a significant negative correlation between vitamin C and TAC (-0.951). This means
that the anti-free radical function of vitamin C is reduced.

Bivariate Pearson correlation analysis with a significance level of P<0.01. DPPH., DPPH Scavenging assay
IC, TAC., Total Antioxidant Capacity; TPC., Total polyphenol content; TFC., Total flavonoid content; Vit C.,
Vitamin C.

Fig paste phytochemicals compounds

According to the HPLC-UV-MS/MS analysis (Table 4) of the hydroethanolic extracts of the two fig pastes
studied, a variety of phytochemicals such as phenolic acids, flavonoids, and organic acids are present in both
paste extracts, although with some compositional differences.

Gallic acid is the main compound detected in the paste extract of CH, whereas catechin is the main compound
detected in the paste extract of GD. The two paste extracts have different amounts of ascorbic acid, quercetin
3’-methyl ether, caffeic acid, chlorogenic acid, and salicylic acid. The main constituents present in both pastes are
quercetin, 3’-methylether, and neochlorogenic acid. Naringin is present exclusively at the GDHEE level, while
rutin hydrate and trans-cinnamic acid are present exclusively at the CHHEE level.

The antioxidant potential of E. caricafruits is strongly linked to their phenolic content’!. Hyang Dok-Go et al.
(2002) showed that quercetin 3-methyl ether effectively prevents neuronal damage caused by H202 and xanthine
(X)/xanthine oxidase (XO). They found that quercetin 3-methyl ether (QME) was the most neuroprotective
compared to the other flavonoids isolated, quercetin and (+)-dihydroquercetin. All three principles significantly
inhibited lipid peroxidation and scavenged 1,1-diphenyl-2-picrylhydrazyl free radicals’? Luisa Pistelli et al.
(2009) found a narrow spectrum of activity against Staphylococcus epidermidis (gram-positive). The MIC
values of the extracts ranged from 125 to 850 pug/mL. Quercetin 3-methylether, myricetin 3-O-rhamnoside, and
tricetin showed antibacterial activity against the same bacterial strains with MICs ranging from 31 to 250 pg/
mL. In time-kill kinetic studies, the flavonoids showed bactericidal activity at concentrations corresponding to
four times the MICs”>.

Chlorogenic acid and neochlorogenic acid have been shown in various studies to protect the kidneys, fight
free radicals, and help with diabetes, cancer, cholinesterase, and inflammation”*77.

Agnieszka Tajner-Czopek et al. (2020) show that there is a strong correlation between 3,4-dicaffeoylquinic
acid and the antioxidant activity based on the ABTS and the DPPH test results’®. Several studies have shown that

Pearson Correlation | DPPH | TAC TPC TFC Vit C
DPPH 1

TAC -0,976 | 1

TPC -0,997 10,961 |1

TFC —-0,987 | 0,989 0,978 |1

Vit C 0,976 —-0,951 | 0,961 | -0,961 |1

Table 3. Bivariate pearson correlation coefficients for spectrophotometric assays.
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Molecular Weight | Precursor | Product M (i) A
N° | Compounds Chemical formula | (g-mol™!) Ion m/z Ion m/z | CHHEE | GDHEE | CHHEE | GDHEE | UV (max) | Ref
1 Gallic acid C,HO, 170.12 169 125 2.18 ND 12.21 270 N
2 | Neochlorogenic acid CsH504 354.31 353 191.179 |2.97 2.98 7.47 8.15 278.0 N
3 | Ascorbic acid CeHsOs 176.12 3.81 3.81 4.74 3.15 207.0 S
4 | Quercetin 3’-methyle ether | C, (H ,0, 316.26 315 271.300 |5.18 5.19 11.62 16.21 298.0 N
5 | Catechin C,H,,0, 290.27 290 244 ND 5.72 2797|275 S
6 | 34-dicaffeoylquinicacid | C,;H,,0,, 516.4 515 353.191 |8.45 8.39 5.28 0.92 208.0 N
7 | Caffeic acid CyHO, 180.16 179 134.135 |9.81 9.80 1.53 2.24 208.0 N
8 | Chlorogenic acid C¢H504 354.31 353 191 11.87 11.86 3.75 0.91 207.0 N
9 | Naringin C,,H,,0,, 580.5 579 271 ND 13.88 0.96 208.0 N
10 | Rutin hydrate C,,H,,0,, 664.6 609 610611 | 1453 | ND 2.12 207.0 S
11 | Salicylic acid C;Hs05 138.12 137 93.65 19.88 19.89 0.69 0.48 275.0 N
12 | Trans-cinnamic acid CyH O, 148.16 147 100.99 21.62 ND 0.47 274.0 N

Table 4. HPLC- UV-MS/MS phenolic profile of the hydroethanolic extracts from the two pastes.

RT: retention

time; N: Nist/msms; S: Standard. CHHEE, Chetoui hydroethanol extract; GDHEE., Ghoudane hydroethanol
extract; ND = Not detected. Former nomenclature was adopted f chemical compounds.

consumption of caffeoylquinic acids has health benefits such as antiviral, hepatoprotective, and hypoglycemic
effects. This is particularly true in the case of the medicinal hydroethanolic plant extract’®-8!.

Ascorbic acid, a potent physiological antioxidant, can restore the body’s levels of a-tocopherol (vitamin E)
and other antioxidants. Various oxidative stress-related illnesses, such as cardiovascular disease and cancer, are
currently under investigation to determine if they might be prevented or delayed by ascorbic acid. It achieves
this by reducing the harmful effects of free radicals through its antioxidant properties. Ascorbic acid has multiple
roles, including antioxidant activity, biosynthesis, and enhancement of nonheme iron absorption®¢:8283,

Caffeic acid, a phenolic chemical produced by plants, can be found in coffee, wine, tea, and propolis. This
phenolic acid and its derivatives have antioxidant, anti-inflammatory, and anticarcinogenic properties®. It
has been shown to have anticarcinogenic activity against hepatocarcinoma (HCC) in both in vitro and in vivo
studies. It also plays a role in plant defense against pests and infections by inhibiting the growth of insects, fungi,
and bacteria®.

Researchers found that rutin hydrate, the main phenolic in the fig peel sample, had great antioxidant
properties both in vitro and in vivo antioxidant characteristics, among other bioactivities®.

Antimicrobial activity of fig pastes

The efficacy of the hydroethanol extracts obtained from both fig pastes against the investigated microorganisms
exhibited diversity (Fig. 4). The results of the ANOVA analysis with Tukey’s post-hoc test, conducted at a
significance threshold of 5%, indicated significant differences in antimicrobial effectiveness against the four
bacteria and fungi studied between GDHEE and CHHEE, as well as the reference bactericidal drugs imipenem
and the fungicidal fluconazole.

The antimicrobial activity is significantly higher when the inhibition zone, including the 6 mm of the disc
diameter, has a diameter of 14 mm or more®. The reference drugs showed a stronger inhibitory effect. The
enhanced antimicrobial efficacy of GDHEE, as opposed to CHHEE, can be ascribed to its higher concentration
of bioactive components, such as polyphenols, flavonoids, and ascorbic acid. It is worth noting that the extracts
from both pastes were highly efficient against Candida albicans, with the CHHEE showing the lowest impact
(18.60+0.2 mm) and the GDHEE exhibiting the highest effect (20.40£0.1 mm). Concerning Gram-negative
bacteria, GDHEE showed the highest inhibitory effect activity against Escherichia coli (12.60 £ 0.10 mm), followed
by CHHEE (12.00+0.20 mm). However, the highest inhibitory was observed by GDHEE (13.80+ 1.0 mm)
against Pseudomonas aeruginosa, while CHHEE demonstrated a smaller inhibition diameter (11.30+0.80 mm).
Regarding Gram-positive bacteria, GDHEE exhibited greater inhibitory activity (11.40+0.10 mm) compared to
CHHEE (10.00 + 0.3 mm) against Staphylococcus aureus. Moreover, paste extract inhibited Bacillus subtilis subsp.
spizizenii, with the GDHEE exhibiting the highest inhibitory effect (14.00+0.30 mm), followed by the CHHEE
(11.20+0.4 mm).

A statistical analysis using the student’s t test, with a significance level of 5%, revealed that GDHEE and
CHHEE had significantly different minimum inhibitory concentrations (MICs) against Pseudomonas aeruginosa,
Staphylococcus aureus, and Bacillus subtilis subsp. spizizenii. However, there were no significant differences
between GDHEE and CHHEE for Escherichia coli and Candida albicans.

The MIC value is determined by a complex interaction between the variety, the extraction solvent, the amount
of active principle extracted, and the microbial strains that the extract is targeting>’. Extracts were categorized
as highly active when MICs were below 100 pg/mL, moderately active when values ranged from 100 to 625 pg/
mL, and weakly active when values exceeded 625 pg/mL¥. The examination of the minimum inhibitory
concentrations (MIC) values of the two pastes of extracts from CH and GD (depicted in Fig. 5) demonstrated
that hydroethanolic extracts from both varieties displayed the same MIC of 64 pg/mL against Escherichia coli.
However, the GDHEE showed a MIC of 32 ug/mL against Pseudomonas aeruginosa, while the CHHEE exhibited
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Fig. 3. The map illustrates the study’s geographical location in eastern Morocco. The Aghbal area lies near
the city of Ahfir. Altitude: 252 m. The region experiences a Mediterranean climate characterized by scorching
summers (Koppen classification: Csa). The province is named Berkane.

a MIC of 64 ug/mL. The GDHEE exhibited a MIC of 128 ug/mL against Staphylococcus aureus, whereas the
CHHEE demonstrated a MIC of 256 pg/mL. Bacillus subtilis subsp. spizizenii exhibited higher sensitivity to
GDHEE, with a MIC of 128 pg/mL. In contrast, it displayed lower sensitivity to CHHEE, with a MIC of 256 pg/
mL. The GDHEE and CHHEE demonstrated a minimum inhibitory concentration (MIC) of 32 pg/mL against
Candida albicans.

The concentration and content of bioactive compounds and minerals may have contributed to the extracts’
antimicrobial effectiveness against various strains. Certain minerals and bioactive chemicals, such as polyphenols,
can interact to boost or decrease antimicrobial activity in plants and extracts, respectively®®. Many recent studies
have revealed that medicinal mineral compounds work as antimicrobials by interacting synergistically with
bioactive components in plant extracts such as Phenolic acids, flavonoids, terpenoids, and others, or by changing
pH?. Plants synthesize flavonoids and coumarins as a defensive reaction to microbial diseases. The capacity of
these chemicals to engage with extracellular and soluble proteins, as well as bacterial cell walls, might contribute
to their reported effectiveness. Moreover, lipophilic flavonoids possess the ability to harm microbial membranes
and behave as bioactive compounds that can engage with microbes in many manners, thereby influencing their
growth and survival®®!,

In silico antioxidant and antimicrobial activities of fig paste

In silico antioxidant activity assessment

NADPH oxidase (NOX) is an essential enzyme responsible for producing reactive oxygen species (ROS), and its
activity is tightly controlled within cells. NADPH oxidase creates reactive oxygen species (ROS), which are very
important for fighting infections and letting cells talk to each other. Several respiratory inflammatory diseases
and injuries, like asthma, cystic fibrosis, acute respiratory distress syndrome (ARDS), and chronic obstructive
pulmonary disease (COPD), are thought to be caused by oxidative stress, which happens when NADPH oxidase
makes too many reactive oxygen species (ROS). Inhibiting the function of NADPH oxidase is a very efficient
approach to boost antioxidant activity and offer defense against diseases linked to oxidative stress’>. NADPH
oxidase inhibitors can maintain cellular health and impede disease progression by decreasing reactive oxygen
species (ROS), increasing cellular antioxidant systems, and alleviating chronic inflammation. According to our
computational analysis (Table 5), quercetin 3-methyl ether, 3, 4-dicaffeoylquinic acid, and rutin hydrate showed
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Fig. 4. Disk diffusion assay results for the investigated paste extracts and reference drugs. E. coli. Escherichia
coli ATCC 25922; P. aeruginosa., Pseudomonas aeruginosa ATCC 27853; S. aureus., Staphylococcus aureus
ATCC 25923; B. subtilis., Bacillus subtilis subsp. Spizizenii ATCC 6633; C. albicans., Candida albican (Clinical
isolated); CHHEE,. Chetoui hydroethanol extract; GDHEE,. Ghoudane hydroethanol extract. Inhibition zones
including the diameter of the paper disc (6 mm). Each value is represented as mean + standard deviation,
(n=3). Means followed by a different letter in the same strain are significantly different (ANOVA One-way

P<0.05.

Antioxidant activity Antibacterial activity Antifungal activity
Escherichia coli | Staphylococcus aureus | Candida albicans

Bioactive compounds of the fig paste extracts | NADPH oxidase (PDB: 2CDU) | (PDB: 1FJ4) (PDB: 3Q8U) (PDB: 5FSA)
3,4-Dicaffeoylquinic acid -6.249 -5.192 -8.662 -6.1
neochlorogenic acid -5.961 -7.357 -10.493 -6.991
Ascorbic acid -5.231 —5.724 -9.135 -4.937
Caffeic acid —5.484 —6.424 -7.938 —-5.398
Catechin —-5.550 —6.453 —-6.796 —-7.638
Chlorogenic acid -4.812 —-6.126 -9.592 -7.097
Gallic acid —-5.878 —-6.755 -10.050 -5.636
Naringin —-5.163 el —-4.674 —-5.573
Quercetin 3’-methyl ether -6.307 —5.734 -7.388 -7.07
Rutin hydrate -5.979 —4.837 -7.817 —6.245
Salicylic acid -5.469 -6.872 -9.601 -5.645
Trans-cinnamic acid —4.637 -5.519 -7.053 —4.322

Table 5. Summary of the glide Gscores (Kcal/mol) based on targeted oxidant or microbial protein and
the bioactive compound of the Fig paste extracts (Former nomenclature was adopted for the chemical
compounds).

the most significant action against NADPH oxidase, with glide gscore values of -6.307, —6.249, and — 5.979 Kcal/
mol, respectively. Figure 6A and A’ show that quercetin 3-methyl ether has made two hydrogen bonds with VAL
214 (distance, 2.17 A) and ASP 179 (distance, 1.66 A) residues in the active site of NADPH oxidase.

In silico antibacterial activity assessement

The main role of P-ketoacyl-ACP synthase is to produce fatty acids of varying lengths for the organism’s
use. These applications involve energy storage and cell membrane creation. Fatty acids possess the capacity
to produce a wide range of compounds, including prostaglandins, phospholipids, and vitamins, among other
substances®>. B-ketoacyl-ACP synthases play a crucial role in the biosynthesis of lipoproteins, phospholipids,
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Fig. 5. Minimum inhibitory concentrations (MIC values) in pg/mL for the investigated pastes extracts. E. coli.
Escherichia coli ATCC 25,922; P. aeruginosa., Pseudomonas aeruginosa ATCC 27,853; S. aureus., Staphylococcus
aureus ATCC 25,923; B. subtilis., Bacillus subtilis subsp. Spizizenii ATCC 6633; C. albicans., Candida albican
(Clinical isolated); CHHEE,. Chetoui hydroethanol extract; GDHEE,. Ghoudane hydroethanol extract. Each
MIC value is represented as mean * standard deviation, (n=3). Means followed by a different letter in the same
strain are significantly different (t-test, P<0.05).

A A’

Fig. 6. 2D viewer (A) and 3D viewer (A’) showing ligand interactions of quercetin 3-methyl ether with
NADPH oxidase active site.

and lipopolysaccharides. Because of their numerous vital functions within the body, they have become a central
area of concentration for the advancement of antibacterial medications. Bacteria adapt to their environment
by altering the composition of their membranes through phospholipid modifications. Hence, obstructing this
pathway could function as a critical site for hindering the spread of microorganisms®*. Out of the compounds
tested for antibacterial effect, neochlorogenic acid, salicylic acid, and gallic acid showed the greatest level of
activity against p-ketoacyl-[acyl carrier protein] synthase from Escherichia coli, with glide gscores of —7.357,
—6.872, and —6.755 Kcal/mol, respectively (Table 5). neochlorogenic acid formed three hydrogen bonds with
VAL 304 (distance, 1.91 A), THR 302 (distance, 1.76 A), and ASN 396 (distance, 2.77 A) parts in the active site
of Escherichia coli - ketoacyl [acyl carrier protein] synthase (Fig. 7A and A).
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Bacterial diphosphate kinase (Ndk) regulates the cellular levels of nucleoside triphosphate (NTP) by
transferring the y-phosphate group between NTPs and nucleoside diphosphate (NDPs). Aside from its main role
in nucleotide metabolism, Ndk also plays a part in protein histidine phosphorylation, DNA cleavage and repair,
and gene regulation. Ndk also regulates bacterial adaptive responses. Intracellularly produced non-self-derived
molecules, known as ndks, effectively inhibit multiple immune defense mechanisms in the host. These processes
encompass phagocytosis, cell apoptosis/necrosis, ROS production, and inflammation. On the other hand, Ndks
released by bacteria outside of cells worsens host cell toxicity and inflammatory response. While Ndks from both
intra- and extracellular bacteria have diverse effects on host cellular events, their fundamental purpose remains
consistent: to create a host environment that is favorable for colonization and spread®. As a result, suppressing
Ndk is a successful approach to preventing bacterial development. Furthermore, neochlorogenic acid, gallic
acid, and salicylic acid exhibited the most potent effects against Staphylococcus aureus nucleoside diphosphate
kinase, as indicated by their glide gscore values of —10.493, —10.050, and — 9.601 kcal/mol, respectively (Table 5).
Also, neochlorogenic acid made a single hydrogen bond with residue ASP B: 60 (distance, 2.44 A) in the active
site of Staphylococcus aureus nucleoside diphosphate kinase (see Fig. 8A and A)).

In silico antifungal activity assessment
Lanosterol, or sterol 14a-demethylase, is an enzyme classified as a member of the cytochrome P450 (CYP)
superfamily. It is associated with the CYP51 family, which is a vital enzyme involved in the formation of
sterols in eukaryotes. This enzyme is a key target for anti-fungal azoles and has the potential for antiprotozoan
chemotherapy. Although 14a-demethylase is present in other organisms, it is primarily studied in fungi because
of its vital role in controlling membrane permeability®. The enzyme CYP51 in fungi is responsible for the
degradation of lanosterol, a crucial precursor that is subsequently converted into ergosterol®”. This steroid
subsequently diffuses throughout the cell, altering the permeability and rigidity of the plasma membrane in
a way comparable to cholesterol in animals®®. Because ergosterol plays a vital role in fungal membranes, many
antifungal medicines have been developed to inhibit the function of 14a-demethylase, thereby disrupting
the production of this important molecule®®. Another thing is that catechin, chlorogenic acid, and quercetin
3-methyl ether were the most effective antifungal compounds against CYP51 from the harmful fungus Candida
albicans. Their respective glide gscores were —7.638, —7.097, and — 7.07 kcal/mol (Table 5). Also, catechin formed
one hydrogen bond and one Pi-Pi stacking with CYP51 from the active site of the pathogenic fungus Candida
albicans (Fig. 9A and A)). These bonds were with residues MET 508 (distance, 1.77 A) and PHE 233 respectively.
Glide gscore mesure the interaction between the boactive compound and the protein targeted in (Kcal/mol).

Conclusion

The nutritional, phytochemical, antioxidant and antimicrobial activities of GD and CH fig paste were evaluated
to determine their functional dietary potential and health benefits. The photochemistry HPLC-UV-MS/MS
analysis of fig paste reveals the presence of bioactive compounds, lending credence to their usage in traditional
medicine for a range of ailments. The health advantages of fig extracts have been demonstrated in in vitro and
in silico bioactivity investigations. This will greatly benefit the fields of pharmacology and nutraceuticals. The
research results show that fig paste contains antimicrobial, antioxidant, and polyphenolic substances such as
flavonoids. These findings support the idea that the paste method can be utilized to protect the antioxidants and
bioactive chemicals contained in fig fruit. These pastes should be encouraged because they contain antioxidants
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Fig. 7. 2D viewer (A) and 3D viewer (A’) showing ligand interactions of neochlorogenic acid interacts with the
active sites of p-ketoacyl-[acyl carrier protein] synthase from Escherichia coli.
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Fig. 9. 2D viewer (A) and 3D viewer (A) showing ligand interactions of catechin with the active site of sterol
14-a demethylase (CYP51) from the pathogenic fungus Candida albicans.

and can be a healthy substitute for harmful food options. Factors such as fruit variety, food matrix, pH, enzyme
presence, and others had an impact on the paste samples’ bioactive composition and antioxidant capacity. It
would be highly beneficial to study the bioavailability of bioactive components in fig pastes in comparison to
other valorisation techniques such as dried fig, fig coffee, fig jam, and fig vinegar. Fig paste is a versatile food
product that satisfies customer demands for a wide range of beneficial components, including physiologically
active antioxidants and antimicrobials. Individuals can utilize these kinds of fig fruit in both health and
manufacturing products. Fig paste is ideal for desserts, pastries, pancakes, and hot beverages. Traditionally, fig
paste is used in fig cookies, energy and health food bars, as well as spreads, sauces, jams, and fruit fillings.

Fig pastes are characterized by ingredients and functional properties that make them suitable for use in the
food industry as they provide many health benefits. To maximize the value of these pastes, their use should be
carefully considered. However, further research, including in vivo tests, is needed to validate these biological
activities. In addition, pharmacological research should be carried out to confirm or optimize efficacy and to
investigate side effects. Ficus carica is a plant with a variety of medicinal properties and potential therapeutic
applications. In addition, its utilization can provide benefits by ensuring the sustainable management of this
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resource. Further research on the incorporation of this paste or its extracts into food matrices is recommended
to achieve potential benefits.

Data availability
All the data relevant to this study has been added to the manuscript.
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