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ARTICLE INFO ABSTRACT
Keywords: The study assessed the physiological parameters in leaves and the morphological/pomological traits in fruits of
Ficus carica six fig cultivars (Ficus carica L.) — Sawoudi, Bayoudhi, Mlouki, Assal, Zidi, and Mozai — which grow in the arid

Arid climate

Fruit color
Enzymatic activities
Photosynthesis

climate of the Gafsa oasis (in the center of Tunisia). These cultivars are distinguished by different peel colors
ranging from greenish, yellowish-brown, up to dark purple.

Experiments measured chlorophyll and gas exchange in the plant leaves and various morphological, pomo-
logical, and chemical parameters, including phenolic compounds and antioxidant enzyme activities of the peel
and pulp.

The results showed that the Mlouki and Assal cultivars had the highest rates of photosynthesis (Pn) (10.17 and
10.44 pmol CO, m~2 571, respectively). In addition, the fruits of these cultivars showed the highest concentration
of sugar in the peel and flesh, as well as the highest values of solid soluble content (22.23 and 20.83 °Bx,
respectively). Mlouki had the highest fruit weight (66 g) compared to the other cultivars studied. As for the
acidity of the fruit, Bayoudhi showed the highest values (6.56 g MAE 100 mL ™), while the fruits of Assal and Zidi
had the lowest acidity values. Biochemical determinations showed that Sawoudi had important enzymatic ac-
tivity assessed by catalase (10.64 and 12.08 U min~' g™ in flesh and peel, respectively) and peroxidase, while
Mlouki and Assal fruits showed the lowest values. The results also confirmed that the fig peel had higher anti-
oxidant enzyme activity than the flesh. It can be concluded that the Mlouki cultivar exhibits superior overall
quality with the highest weight and sugar content, while the dark-peeled cultivars (Sawoudi and Zidi) show the
highest concentrations of phenolic compounds and antioxidant enzyme activities.

The characteristics of these cultivars are in line with consumer demands, and therefore farmers can be
encouraged to devote themselves to multiplying their cultivation.

1. Introduction

Ficus carica L., a species of fruit tree, is considered one of the oldest
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and best-adapted trees in the Mediterranean basin and arid ecosystems
[1] and more than 800 varieties of the genus Ficus carica can grow in a
warm climate. Fig growth and production are strongly dependent on
environmental conditions. In general, the dry Mediterranean and

Abbreviations

APX ascorbate peroxidase activity
C3GE cyanidin-3-0O-glucoside equivalents
CAE citric acid equivalents

CAT catalase activity

CE catechin equivalents

Ci intercellular CO4

CIE International Commission on Illumination
gs stomatal conductance

HTE hydroxytyrosol equivalents

PCA principal component analysis

POD peroxidase activity

Pn photosynthetic assimilation

QE quercetin equivalents

TA titratable acidity

Tr transpiration rate

TPC total phenolic content

WUEins water use efficiency

warm-temperate climates seem to represent the best conditions to ach-
ieve high-quality fruit production [2]. Data from the Food and Agri-
culture Organization of the United Nations (FAO) stated that world fig
production is constant. Over 281,522 ha of fig cultivation are present all
over the world, producing about 1,315,588 t in 2019 [3].

The cultivation of figs is widespread in Tunisia, and it is present in
different environmental conditions, occupying 37,774 ha. According to
Mars et al. [1] the most fig-producing Tunisian areas are the South-East,
South-West, the Middle East, the North-East, and the North-West, with a
production of about 34 % of figs. In 2018, Tunisia’s average annual fig
production was estimated at 27,350 t, while the Gafsa oasis produced
about 2600 t [4].

The fig tree constitutes an extremely rich and diversified phyloge-
netic heritage, which is represented by several cultivars well adapted to
the eco-geographical conditions, with particular agronomic and
ecological characteristics [5]. In Tunisia, different fig cultivars are his-
torically found in different climate zones; in addition, natural and
sub-spontaneous forms are native to the North and the Center of the
Country [6]. In fact, fig trees have a crucial ecological role, they help to
maintain the balance of the ecosystem in many uncultivated areas,
particularly in areas with a semi-arid or arid climate. However, despite
their importance, local cultivars in the Mediterranean region are
currently facing a serious threat of genetic erosion due to a range of
biotic and abiotic stresses, such as intensive urbanization and mono-
varietal crops [7], especially those cultivated in the oasis.

In different regions of the world, complex agro-ecosystems like those
described above are in crisis and decline [8]. Specifically, numerous
threats affect species growing in the historic oasis of Gafsa, such as the
effects of climate change, in particular the accentuation of drought and
its consequences on water availability, inadequacy of demographic
pressure, and urbanization in relation to the limited carrying capacity of
the ecosystem oasis and pollution. All these factors added together have
resulted in the current environmental and socio-economic situation,
which weakens and deteriorates the value of ecosystem services and
reduces their resilience [9]. In this respect, crop growth and develop-
ment under climatic changes are subjected to unfavorable conditions,
resulting in low productivity and quality [10-13]. Raising temperatures
[14], soil salinization [15,16], and drought [17,18] are the major
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impacts of climate change, especially in arid and semi-arid ecosystems.
All of these represent environmental stresses that disturb plant physi-
ology involving photosynthetic efficiency [19], stomatal performance
[20], cell water status [21], and nutrient balance and utilization [22,
23].

Accordingly, environmental stresses have an impact on fig physi-
ology, although this species has shown remarkable plasticity of adap-
tation to semi-arid and arid ecosystems. In fact, under drought
conditions (rise in temperature and lack of precipitation), physiological
(net photosynthetic assimilation, transpiration rate, and stomatal
conductance), morphological, and phenological traits of fig tree undergo
several forms of adaptation [24]. In addition, recent studies have shown
that genotype [24], leaf development stage [25], fruit development
[26], age, growing area, edapho-climatic conditions, and period of
measurements [27] all have an impact on gas exchange capacity [28].
On the other hand, semi-arid and arid environmental conditions reduce
the incidence of fungal diseases and improve the sensory qualities of
fruits [29]. Therefore, selecting cultivars that have the ability to adapt
and perform well in stressful environments is regarded as an efficient
and inexpensive tool to combat stress issues [30-32].

Given their high nutritional value, figs have been a popular food
among humans for a very long time. In addition to being consumed fresh
or dried, figs are also used to extract flavors, create natural food color-
ings, prepare and preserve foods (such as candied figs and figs in syrup)
[33]. Furthermore, the quality of fresh fruit depends not only on its
nutritional and bioactive components but also on other parameters
related to its morphology and sensory properties, including firmness,
color, flavor, and aroma [34].

Due to their abundance of secondary metabolites such as poly-
phenols, essential oils, and alkaloids, fig fruits have been long studied as
sources of natural substances and molecules. These products are highly
recommended for their healthy properties. Figs also contain various
antioxidants [35] which are mainly found in the edible peel of the fruit.
Dark-colored figs usually contain more antioxidants than lighter-colored
cultivars [36].

One of the current scientific interests is to identify and characterize
the varieties of figs of superior quality. In addition, the commercial
importance of figs and their health benefits have prompted researchers
to identify good-quality fig cultivars [37].

Previous studies on figs have focused on their polyphenol content
[38]. Fig fruits are characterized by an elevated antioxidant potential
due to their higher anthocyanins, flavonol glycosides, and phenolic
acids [39]. Additionally, these fruits are an important source of fiber,
trace minerals, proteins, sugars, and organic acids. Fresh fig fruits
contain eight main phenolic compounds, which are chlorogenic acid,
catechin, epicatechin, rutin, cyanidin-3-O-rutinoside, luteolin-8-C-glu-
coside, quercetin-3-O-glucoside, and kaempferol-3-O-glucoside [40].
Besides their physiological roles in plants, these compounds act as
reducing agents, hydrogen donors, and free radical scavengers [41].

Anthocyanins mainly accumulate in fig peels, which can take on a
violet, blue, or pink color [39]. The production process of secondary
metabolites with antioxidant roles varies depending on several factors,
such as plant development [42], plant tissues, and growing season [43].

Various findings mentioned that the production of reactive oxygen
species (ROS), often leading to oxidative stress, occurs as a result of
environmental stresses [44], such as salinity [45], waterlogging [46],
and drought [47]. Faced with these conditions and in order to defend
themselves against cytotoxic species of activated oxygen, the fig tree has
developed many specific protective mechanisms, which include anti-
oxidant molecules and enzymes [48].

In recent years, like other Mediterranean Countries, Tunisia has been
exposed to severephenomena that can affect the sustainability and
biodiversity of its oases, which are also threatened by the evolution of
urban planning (socio-economic factors). Water scarcity and lack of
regeneration in several trees also pose a real threat to the biodiversity of
fig genotypes.
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To the best of our knowledge, little information is available
regarding the physiological traits, phenolic characterization, and ac-
tivity of antioxidant enzymes (catalase, peroxidase, and ascorbate
peroxidase) in the fruits of local fig cultivars from the Gafsa oasis.
Antioxidant molecules and enzyme production mechanisms have been
developed by fig trees to cope with stressed environmental conditions
and as a defense against cytotoxic species of activated oxygen [48].

In this context, this study aimed to evaluate some specific physio-
logical and nutritional parameters, as well as to compare the composi-
tion and antioxidant potential in the flesh and peel of six local genetic
resources of figs (Bayoudhi, Sawoudi, Mlouki, Assal, Zidi, and Mozai)
grown in the Gafsa oasis to encourage farmers to consider and cultivate
the most promising cultivars.

2. Material and methods
2.1. Description of the studied site

This study was conducted in the historic oasis of Gafsa (South-West
Tunisia) (34° 32' 10" N, 8° 46’ 22" E; 381 m a.s.L), recognized as Inge-
nious System of World Agricultural Heritage (GIAHS) by the FAO
(Fig. 1). Its creation dates back to the earliest times in history.

The study area is classified as a mountain oasis located in the arid
bioclimatic phase. It is known for its biological diversity, characterized
by multi-layered systems (three levels of planting) at very high density,
in some places exceeding 400 feet/hectare. It covers 700 ha, of which
8.36 % is occupied by fig trees.

The soil is sandy, loamy-clayey, characterized by scarce fertile re-
sources. Water in the oasis comes from numerous natural sources, which
spring from the deep aquifer known as the “Gafsa-North aquifer”. Irri-
gation is ensured by reservoirs or large beds (drilling from groundwater)
that are submerged for irrigation (4 times/month in summertime, and
the allocated quota is 2 h 47 min per hectare with an average salinity of
2.8 g/L) [49].

2.2. Soil characteristics and climate data

Most of the soils in the historic Gafsa oasis belong to the brown
steppe class of soils. Their origin is generally fluvial, composed mainly of
clay. According to a previous study carried out by FAO (2010), the soils
of the oasis are characterized by a lumpy structure and a good water
retention capacity (15-20 %), with an organic matter content ranging
between 1.5 and 2.0 %. The analysis carried out on soil profiles did not
show excessive levels of gypsum or active limestone (<1 %) [49].

Climatic data that occurred in Gafsa during the experimental periods
were taken from the website Infoclimat.fr and are presented in Fig. 2.
The region studied was characterized by an arid climate with the highest
temperatures, which peaked in July 2018 and 2019 (41.1 and 38.9 °C,
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Fig. 2. Weather data for two consecutive seasons (2018-2019) for the
Gafsa oasis.

respectively). The cumulative rainfall in 2018 and 2019 was 159 and
129 mm, respectively (Fig. 2).

2.3. Plant material

The ripe fruits of six Ficus carica L. cultivars (Bayoudhi, Sawoudi,
Assal, Mlouki, Zidi, and Mozai) were harvested by hand during the third
week of July for two consecutive years (2018 and 2019). The fig culti-
vars studied are “unifers” having a single crop a year [50] with the
exception of the Mozai cultivar, which is considered a “biferous” cultivar
(harvested twice a year) [51]. In all cultivars, leaf emergence occurred
in April, while fruit development took place on one-year-old shoots.

For each cultivar, 5 to 10 undamaged fruits were sampled from four
randomly selected trees, aged 35-40 years, from four sides of the trees.
The selected trees were vigorous and uniform in terms of size, shoot
length, and diameter. Then, 12 fruits for each cultivar were selected and
immediately separated into peel and flesh (including seeds), ground into
liquid nitrogen, and then freeze-dried using a freeze dryer and kept at
—80 °C until subsequent analysis.

2.4. Chlorophyll content and foliar gas exchange parameters

Leaf chlorophyll content (reported as SPAD value) and gas exchanges
were measured simultaneously in the same leaves. Three leaves from
each variety tree were examined to determine SPAD values using a
Minolta SPAD meter (SPAD-502 Plus, Konica Minolta sensor, Japan).
This sampling was performed on three trees per cultivar.

Gas exchange was measured using a portable LCpro + photosynthesis
device (ADC Ltd. BioScientific., Hoddesdon, UK). The analyses were

Fig. 1. Historic oasis of Gafsa.
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performed on three leaves per tree considered (three plants for each
cultivar studied). The following parameters were determined from
mature leaves under saturating daylight sunlight (11-13 h): net photo-
synthetic assimilation (Pn, pmol CO» m 2 s’l), stomatal conductance
(gs, mmol H,0 m~2%), transpiration rate (Tr, mmol Hy0 m~2%),
water use efficiency (WUEins = Pn/Tr), and intercellular CO5 (Ci, pmol
mol~1). The measurements were taken in July, during the fruit harvest.

2.5. Morphological, pomological, and ethylene production of fig fruits

The shape of fruits varied among cultivars and was described ac-
cording to Ref. [52]. The height of the fruit (mm) was measured from the
base of the fruit to the end of the collar or neck (Fig. 3). On average, over
the course of 2 years, 25 fruits randomly selected for fruit weight (g)
were calculated using a digital weighing scale with a sensitivity of 0.001
g. The length of the peduncle (mm) was measured from the peduncle
base to the branch. The shape and diameter of the peduncle (mm) were
determined according to Refs. [52,53] (Figs. 3 and 4).

The consistency of the flesh of a partially peeled fruit was assessed
immediately after harvesting using a penetrometer (FT 327, QA Supplies
LLC, Italy). The soluble solids (SSC) content in the juice, obtained by
homogenizing three sampled fig fruits for each replication in a mixer,
was determined using a digital refractometer (Atago-Palette PR 101,
Atago Co., Tokyo, Japan), and the results were expressed in °Bx.

Concerning the juice pH, it was measured by a pH-meter (MP 220,
Mettler Toledo, Switzerland), and electrical conductivity was assessed
by a conductivity meter (Hanna HI8733, Italy). To determine titratable
acidity (TA), free acids were neutralized in fig juice diluted in water
twice using a solution of 0.1 N NaOH that was added drop by drop up to
pH 8.2 [54]. Citric acid, the most prevalent organic acid in figs, was used
to express the results as g citric acid equivalents (CAE) 100 mL~! [55].
Iodometric titration of ascorbic acid was used to measure vitamin C
concentrations [56].

Peel color was assessed immediately after collection with a Minolta
colorimeter CR-300 (Konica Minolta Sensing, Inc., Japan), which pro-
vided CIE (International Commission on Illumination) coordinates (L*,
brightness; a*, redness; b*, yellowness) in ten fruits. Four measurements
were taken on the peel of each fruit, two measurements from opposite
sides.

At harvest time, ethylene production was measured by a portable
ethylene analyzer (F-900, Felix Instruments, Camas, WA, USA). Six to
ten samples of fruit were immediately transported to the laboratory and
then placed in the container of the F-900. Ethylene emissions were
measured in real time and expressed in ppm [57].

Peduncle-height-(mm)

Fruit-diameter-(mm)
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2.6. Dosage of total sugars

A modified version of the method described by Kader et al. [58] was
used to extract sugars. In short, 15 mL of 80 % ethanol and 0.1 g of
freeze-dried fruit were homogenized and boiled in a water bath at 95 °C
for 15 min. Before being centrifuged at 3075 g for 10 min, the mixture
was filtered. The method developed by Dubois et al. [59] was used to
determine carbohydrate content. An aliquot of 1.5 mL of concentrated
sulfuric acid and 0.3 mL of phenol (5 % w/v) were combined with 0.3
mL of supernatant. Absorbance was measured at 490 nm after a 5-min
incubation period at 105 °C.

To determine the overall sugar content, a calibration curve built
through a glucose solution was used. The results were expressed in g of
glucose equivalents per 100 g of fruits.

2.7. Determination of phenolic compounds and anthocyanins

Organic extracts were prepared by homogenizing 5 mL of a methanol
solution with 0.5 g of dry plant material (freeze-dried peel and flesh)
with an Ultra-Turrax (T 25 D, IKA, Germany) homogenizer. The sus-
pension was centrifuged for 15 min at 4 °C. The extraction was carried
out twice on the same residue. The organic extracts obtained were stored
at —20 °C to carry out subsequent analyses.

The total phenolic content (TPC) was determined according to the
method of Montedoro et al. [60]. The methanol extract was diluted and
mixed with the Folin-Ciocalteu reagent (1/10; v/v) and sodium bicar-
bonate (75 g/L). Subsequently, the mixture was incubated for 2 h at
room temperature before absorbance measurement at 765 nm. The TPC
was expressed as mg of hydroxyltyrosol equivalent (HTE) 100 g1 dry
weight (DW).

Total flavonoids were quantified according to the method of Zhishen
et al. [61]. A diluted sample of methanol extract was combined with 75
pL of NaNOy (5 %) and left to rest for 6 min. Subsequently, 150 pL of
AlCl3 (10 %) were added. The final volume was adjusted to 2.5 mL by
adding, after 5 min, 0.5 mL of NaOH (1 M). After careful mixing of the
resulting solution, the absorbance was read at 510 nm. Results are
expressed as mg of catechin equivalent (CE) 100 g~! DW.

The o-diphenol content was determined by a colorimetric assay [36].
Briefly, 100 pL of the methanol extract was added to an equal volume (1
mL) of HCI (0.5 N), NaOH (1 N), and a solution of NaNO- (1.45 N) and
NayMo42H50 (0.4 N). After that, the mixture was incubated for 30 min.
Finally, the absorbance was measured at 500 nm and the results are
given as mg of hydroxytyrosol equivalent (HTE) 100 g~! DW.

The flavonol content was evaluated according to Romani et al. [62].
Methanol extracts were blended with 10 % ethanol, 0.1 % HCl in 95 %

Peduncle-diameter-(mm)'

Fruit-height-(mm)

Fig. 3. Schematic presentation of the size of the figs determined in the six cultivars. Fruit diameter: the maximum equatorial diameter of the fruit (mm); height of the
fruit: longitudinal height of the fig tree (mm); peduncle height: longitudinal height of the peduncle on its shortest side (mm); peduncle diameter: diameter of the free

peduncle (mm).
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Fig. 4. Fruit forms (a) (A, B; Spherical with and without neck; C, D: oblate with and without neck; E, F: turbinate with and without neck; G, pyriform with thick neck;
H: pyriform with neck undifferentiated from body; I: long and curved neck; J: oblique-pyriform) and stalks (b) (A-E, variously enlarged; F-I, long and slender; J, short

and thick).

ethanol, and 2 % HCI. Then, the resulting solution was left at room
temperature for 15 min before reading the absorbance at 360 nm. The
total flavonol content was expressed as mg of quercetin equivalents (QE)
100 g~ DW.

The concentration of anthocyanins was assessed following the pro-
cedure described by Chung et al. [63]. Five grams of plant material (fig
peel or flesh) were homogenized with 10 mL of methanol solution (HCl
0.5 N/methanol 80 %). The solution obtained was kept at 4 °C for 24 h in
the dark. Subsequently, the absorbance was read at 535 and 700 nm
after centrifugation and filtration. The concentration of anthocyanins
was determined according to Giusti and Worlstad [64] using a molar
extinction coefficient (¢ = 25965 L mol™! em™!) and the values are
expressed as mg of cyanidin-3-O-glucoside equivalents (C3GE) 100 g!
DW.

2.8. Evaluation of enzyme activity and oxidative stress indicators

The enzyme extract was prepared as follows [65]: 1 g of dry plant
material was combined with 10 mL of 50 mM phosphate buffer (pH =
6.8) containing 1 mM of EDTA and PVPP (1 %). The mixture was then
centrifuged at 15,000 g for 30 min at 4 °C. An enzyme extract was
created from the resulting supernatant.

2.8.1. Peroxidase (POD) activity assay (EC 1.11.1.7)

Based on the absorbance of tetra-guaiacol production in the presence
of guaiacol and hydrogen peroxide (H205) in 1 min, POD activity was
measured. An aliquot of 100 pL of the enzyme, 2600 pL of phosphate
buffer (pH = 7.0), and 100 pL of H303 (12 mM) were combined into a
mixture, and 200 pL of guaiacol (7 mM) was added to measure the ac-
tivity of the enzyme. The enzymatic activity of the POD was monitored
for more than 1 min at 470 nm. A unit of enzyme activity (U min~1g~?
DW) is the amount of enzyme required to catalyze the formation of 1
pmol of tetra-guaiacol per min [65].

2.8.2. Ascorbate peroxidase (APX) activity assay (EC 1.11.1.11)

To measure the APX activity, the method of Zhang et al. [66] was
used. Briefly, potassium phosphate (50 mM, pH = 7.0), ascorbic acid
(0.5 mM), and H202 (1 mM) were added to the enzyme extract (100 pL).
The decrease in absorbance at 290 nm was calculated over the course of
1 min. An enzyme unit (U) is the amount of enzyme required to oxidize
1 pmol of ascorbate in 1 min, and the activity of the enzyme APX was
expressed as U min ! g’1 DW.

2.8.3. Catalase (CAT) activity assay (EC 1.11.1.6)
The catalase activity was measured by adding 3 mL of enzyme
extract to a test tube along with a reaction mixture consisting of

phosphate buffer (50 mM, pH = 7.0) and HyO5 (15 mM). The decrease in
absorbance at 240 nm was measured over a period of 1 min [57]. An
enzyme unit (U), defined as an absorbance reduction of 0.01 per min,
was established for the purpose of measuring CAT activity. Results were
expressed as U min' g~} DW.

2.8.4. Malondialdehyde (MDA) dosage

The malondialdehyde concentration was measured using a colori-
metric method [67] To precipitate the proteins for the experiment, dry
plant material (0.5 g) was mixed with 10 mL of 1 % trichloroacetic acid
(TCA) at 4 °C. The precipitate obtained was pelleted by centrifugation
for 15 min at 4 °C 3075 g. The supernatant (1 mL) was added to 4 mL of
buffer (0.5 % thiobarbituric acid + 20 % TCA + H,O solution) and
heated to 95 °C in a water bath for 30 min. After 2 min of thermal shock
and cooling, a second centrifugation lasting 10 min was performed. The
absorbance of the colored supernatant was measured at 532 nm and
adjusted for non-specific absorbance at 600 nm. The following formula
was used to determine the MDA content, expressed as 100 pmol g ! DW.

MDA = [(A532-A600) X V] x 1000/e x W

where V is the volume of the homogenizing medium; ¢ is the absorbance
coefficient of MDA; and W is the dry weight.

2.8.5. Determination of hydrogen peroxide content

Regarding the determination of HyO5, 0.5 g of dried plant material
and 5 mL of a TCA solution (0.1 %) were centrifuged at 5,000 g for 15
min. The supernatant obtained (0.5 mL) was mixed with 0.5 mL of
phosphate buffer (NaHsPO4 + NagHPOy4; pH = 7) and 0.5 mL of KI (1 M).
Subsequently, the solution was incubated for 15 min at 25 °C in a water
bath, and absorbance was measured at 390 nm [68]. HyO5 content was
expressed as 100 pmol g~! DW.

2.9. Statistical analysis

The SPSS software (version 17.0 for Windows, SPSS, Chicago, IL,
USA) was used to perform the statistical analysis. Mean values (n = 3)
and standard deviation were used to show the results. The analysis of
variance (one-way ANOVA) was used to compare the mean values after
evaluating the application criteria (normal distribution and homosce-
dasticity). Duncan’s test was used to rank the averages of the fig culti-
vars studied.

The relationships among the cultivars, the various parts of the fruit,
and their composition were highlighted using principal component
analysis (PCA) using the XLSTAT (2014) software for Windows (Add in
Soft, New York, USA).
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3. Results
3.1. Chlorophyll content and gas exchange parameters

Table 1 shows the variation in chlorophyll content, expressed as
SPAD, in the leaves of the six fig cultivars. The highest chlorophyll
content was found in the leaves of Assal cultivar (51.36 SPAD), followed
by Bayoudhi and Mlouki, while this content decreased in the leaves of
Zidi cultivar.

The gas exchange parameters (Table 1) showed that the highest
photosynthetic assimilation rate (Pn) was 10.44 pmol CO» m2s1in
Assal, followed by Mlouki. However, ANOVA showed no significant
differences among the studied cultivars, except for Zidi, which had a
significantly lower Pn rate compared to the other cultivars. Moreover,
our results showed that the transpiration rate (Tr) varied between 1.78
and 2.67 mmol H,0 m 2 s L. Indeed, Bayoudhi, Sawoudi, and Mlouki
exhibited the highest values, while Zidi showed the lowest. In addition,
we found that Assal, Mlouki, Bayoudhi, and Mozai cultivars had
significantly higher stomatal conductance (gs) values, ranging between
369.33 and 397.34 mmol Hy,0 m~2 s ', Zidi recorded the lowest value
(277.64 mmol H,O m2s . In addition, our results showed that the
intercellular CO; content varied significantly depending on the cultivar.
In fact, Assal, Mlouki, and Bayoudhi had the highest Ci values (Table 1).
Finally, the estimated WUEins revealed that Mozai was the most effi-
cient (4.63 pmol CO, prnol’1 H50), followed by Assal, while Sawoudi
was the least efficient, as shown in Table 1.

3.2. Morphological characterization

Table 2 shows that the morphological characteristics of fig fruits
varied significantly from one cultivar to another. In particular, the
Mlouki cultivar displayed the largest diameter (53.63 mm), followed by
Mozai (52.74 mm), and Sawoudi, while Bayoudhi, Assal, and Zidi had
the smallest diameters. Sawoudi and Mlouki fruits also showed the
highest fruit height, reaching up to 55.02 mm.

The shape of the peduncle (Fig. 4) varied significantly among the
cultivars. Indeed, an A-shape was observed in Sawoudi and a G-shape in
Bayoudhi, whereas Mlouki, Assal, Zidi, and Mozai cultivars were J-
shaped. The peduncle diameter varied in a significant way among the
cultivars. It reached 9.11 mm in the Mozai fruit, followed by Mlouki and
Sawoudi (7.13 and 7.00 mm, respectively). As for the height of the
peduncle, the Bayoudhi fruit showed the longest item (12.95 mm)
characterized by long stalks, followed by Sawoudi and Assal (Table 2).

Similarly, morphological results showed that the fruit forms varied
among cultivars studied, indeed, Bayoudhi fruit had a long and curved
neck. Moreover, Mozai and Mlouki distinguished by similar fruit form
(oblate without neck). As for Sawoudi cultivar, its fruits had an oblate
shape with neck. Assal fruit had a pyriform shape with thick neck as
shown in Fig. 3. The last cultivar Zidi was characterized by a turbinate
form with neck (Table 2).

Regarding the fruit weights, Mlouki and Mozai displayed the highest
values (66.00 g and 59.50 g, respectively), while Bayoudhi, Assal, and
Zidi showed much lower weights (around half of Mlouki’s fruit weight).

Table 1
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3.3. Color analysis

The peel color of the sample set studied was very diverse, ranging
from green to black (Table 2 and Fig. 5). Indeed, Bayoudhi and Assal
cultivars showed a green to light orange color, while Zidi and Sawoudi
cultivars had purple to black colors. The Mozai fruit was distinguishable
due to its specific chromatic range, which ranged from green to yellow,
while Mlouki’s fruit was green-purple (Fig. 5).

Peel color analysis of the six cultivars showed that Bayoudhi, Assal,
and Mozai fruits had higher average brightness (L* = 71.32, 70.16, and
66.8, respectively) and yellowness (b* = 47.82, 43.67, and 46.86,
respectively), while negative values of a* (Fig. 6). Sawoudi and Zidi
cultivars exhibited similar colors and stood out by a considerable
decrease in L* compared to the other cultivars, with an increase in the
reddish color (a*) which varied between 12.57 and 14.46 for Sawoudi
and Zidi, respectively. These cultivars were also characterized by lower
values of b*. Mlouki’s fruit is characterized by a multicolored peel
(green, yellow, and purple), showed fairly high values of L* and b*
(51.05 and 25.05, respectively) and a low value of a* (7.14), indicating a
magenta color (Fig. 6).

3.4. Ethylene production and pomological parameters

Table 3 shows the rate of ethylene production in the fruit of the
different fig cultivars studied at the time of harvest. Mozai fruit recorded
the highest ethylene production (1.78 ppm), followed by Assal. The
fruits of Mlouki, Sawoudi, and Bayoudhi showed the lowest ethylene
release, with Bayoudhi fruit showing a decrease of about 60 % (Table 3).

The determination of the texture of the fruit revealed a significant
difference among the six fig cultivars. The Mlouki fruit showed a
significantly higher texture (2.78 kg cm~2), followed by the Zidi fruit
(Table 3). In contrast, Assal and Bayoudhi fruit showed weaker firmness,
with reductions of 68 % and 78 %, respectively.

Concerning the pH of the fig juices of the studied cultivars, it ranged
between 4.80 and 5.61 (Table 3). There was a slight variation in this
parameter among the cultivars analyzed. Similar variations were
observed for conductivity, where the values ranged between 2.12 and
2.83 mS. Regarding soluble solids content (SSC), the Mlouki fruits
showed the highest value (22.23 °Bx), followed by the Assal, Bayoudhi,
and Zidi fruits (about 20.50 °Bx), while the Sawoudi fruits had the
lowest SSC.

The titratable acidity of the samples (Table 3) showed that Zidi fruits
had the lowest acidity values (2.67 g CAE 100 mL 1), while Bayoudhi
fruits had a higher TA value (twice as high as Zidi). Vitamin C content
ranged between 0.17 mg 100 g~* FW in Mlouki and 0.26 mg 100 g~* FW
in Sawoudi’s fruit, with no significant differences found between the six
fig cultivars.

3.5. Total sugars

The results of the total sugars in the peel and flesh of the different
cultivars studied are shown in Fig. 7, with values ranging from 2.55 to
14.58 g 100 g'! DW. The Assal and Mlouki cultivars were the richest in

Chlorophyll content and gas exchange parameters in the leaves of the six fig cultivars studied.

Cultivars Chlorophyll content Pn (pmol CO, m2sh Tr (mmol H,O m2sh gs (mmol H,O m2sh Ci (pmol mol™1) WUEins (pmol CO, pmol’l H,0)
(SPAD)

Bayoudhi  47.14 £ 1.63 ab 9.94 £ 0.87 a 2.61 £0.38a 370.33 £ 8.38a 388.32 +18.74a  3.87 + 0.56 bc

Sawoudi 44.50 + 1.08 be 9.67 +1.38 a 2,62 +0.39a 318.94 +£11.80 b 325.36 £44.67¢c 3.71 £0.45c¢

Mlouki 47.12 + 2.06 ab 10.17 £ 0.37 a 2.67 £ 0.44a 375.63 +£17.19a 390.24 +13.62a  3.91 £ 0.72 bc

Assal 51.36 + 1.08 a 10.44 £ 0.34a 2.31 +£0.14 ab 397.34 £ 16.02 a 410.36 +33.35a  4.53 £ 0.33 ab

Mozai 45.45 + 1.12 be 9.85+1.24a 2.13 + 0.07 be 369.33 + 20.53 a 358.43 £8.10b 4.63 + 0.67 a

Zidi 41.29 £1.63 ¢ 7.52+0.83b 1.78 £ 0.20 ¢ 277.64 + 28.02 ¢ 293.44+18.35d 4.24 £+ 0.33 abc

The values are the means of three different fig leaf samples (n = 3) + standard deviation. Different letters (a > b > ¢ > d) indicate significant differences (p < 0.05)
among the six cultivars. Pn: photosynthetic assimilation, Tr: transpiration rate, gs: stomatal conductance, Ci: WUEins: Pn/Tr.
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Table 2
Morphological characterization of the fruit of the six fig cultivars studied.
Cultivars Fruit diameter Fruit height Peduncle diameter Peduncle height Fruit Fruit shape (forms) Weight (g) Color
(mm) (mm) (mm) (mm) stalks
Bayoudhi  41.34 £+ 4.57b 4412+491b 5.07 £1.34c 12,95 + 3.88 a G Neck long and curved (I)  35.37 + 8.91 Green-yellow
c
Sawoudi 49.83 £ 4.64 a 55.02 +5.98 a 7.00 +£1.26 b 9.52 +£3.40 b A Oblate with neck (D) 50.77 £ Purple-black
11.74 b
Mlouki 53.63 + 6.46 a 50.97 +9.40 a 7.13+1.01b 7.65 + 3.04 bc J Oblate without neck (C) 66.00 +17.49  Green-purple
a
Assal 39.30 +5.49b 42.79 £ 4.64 b 536 +1.10c 898 £1.45b J Pyriform with thickneck ~ 34.57 + 4.33 Green-light
((&)] c orange
Mozai 52.74 + 5.03 a 4518 +3.55b 9.11 +1.78a 6.49 +1.32¢ J Oblate without neck (C) 59.50 +12.77  Green- yellow
a
Zidi 41.56 + 2.73 b 43.44 +£4.22b 4.99 +£1.04c 7.59 + 3.26 be J Turbinate with neck (E) 35.19 + 8.29 Purple-black

C

The values are the means of three different fig samples (n = 3) + standard deviation. Different letters (a > b > ¢) indicate significant differences (p < 0.05) among the

six cultivars.

Sawoudi

Assal

L4 ]

Mlouki

Mozai

Bayoudhi

Zidi

Fig. 5. Morphological and chromatic appearance of the six fig cultivars studied.

sugar, regardless of the tissue (flesh or peel). Bayoudhi, Sawoudi, and
Zidi displayed the lowest total sugar content. In addition, the flesh of
Mozai, Zidi, and Sawoudi contained more sugar than the peel, with the
difference in the flesh of Mozai and Zidi being up to twofold. However,
no significant difference was found in the other cultivars (Mlouki, Assal,
and Bayoudhi) between the two compartments (Fig. 7).

3.6. Phenolic composition and anthocyanin content

Fig. 8A displays that the TPC values in the six cultivars studied
ranged from 116.59 to 1350.79 mg HTE 100 g~! DW in the peel of
Bayoudhi and Zidi, respectively. In most of the cultivars (Zidi, Sawoudi,
Mlouki, and Mozai), phenolics were more abundant in the peels, with
the exception of Assal fruit, where the flesh compartment was more
concentrated in phenols.

Similarly, flavonoid content was more concentrated in the peels of
the different cultivars (Fig. 8B). The results showed that the flavonoid
content varied from 17.38 mg CE 100 g~ ! DW (in the flesh of Bayoudhi)
to 228.32 mg CE 100 gf1 DW (in the peel of Zidi). As for the flesh, Zidi,
Mozai, and Assal were richer in flavonoids compared to the other cul-
tivars. Generally, Zidi and Mozai cultivars exhibited the highest levels of
TPC and flavonoids, particularly in the peel tissue (Fig. 8A and B).

Moreover, the analysis of the fig fruits revealed higher concentra-
tions of flavonols and o-diphenols in all cultivars studied (Fig. 8C and D).

Aside from Mozai, the flavonol content was more concentrated in the
peel (Fig. 8C), with the highest value recorded in the peel of Zidi
(328.04 mg QE 100 g~! DW). The flavonol content in the flesh tissues
ranged from 12.11 to 232.31 mg QE 100 g~! DW. Zidi and Mozai fruits
exhibited the highest flavonol concentrations, while Assal fruit had the
lowest content in both flesh and peel.

The o-diphenol concentrations varied significantly among the culti-
vars (Fig. 8D). Zidi fruit showed the highest concentration in peel and
flesh (492.00 and 127.76 mg HTE 100 g~'DW, respectively). In contrast
to the other cultivars, the flesh of Sawoudi and Bayoudhi showed a high
content of o-diphenols compared to the peel (Fig. 8D).

Finally, Fig. 8E shows the results of the anthocyanin content. The
highest concentrations were found in the peel of Zidi (3.62 C3GE 100
g~! DW), followed by Mozai, while Bayoudhi exhibited the highest
concentration in the flesh, followed by Sawoudi.

3.7. Engymatic antioxidant activities and indicators of oxidative stress

Table 4 illustrates the variation in antioxidant enzyme activities
(CAT, POD, and APX) among the cultivars. The activity of CAT varied
significantly depending on the cultivar and the part of the fruit consid-
ered (peel and flesh). In all cultivars studied, the peels were distin-
guished by their higher antioxidant activities, with the highest CAT
activity recorded in Sawoudi (12.08 U min~! g~! DW). On the contrary,
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Bayoudhi
——L —@—a* ——Db*
Mozai Sawoudi
D
D
Milouki Zidi

A

Assal

Fig. 6. Variation in the color of the peel of the six fig cultivars studied. The
values are the mean of ten different fig fruits from each cultivar (n = 10). The
letters (A>B >C>D >E),(a>b>c>d) and (w > x >y > z) indicate
significant differences (p < 0.05) between the L, b*, and a*, respectively,
measured in the peel of the fruit of each cultivar. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web
version of this article.)

the lowest value was found in the peel of Mlouki.

In the flesh, CAT activity was 10.64 U min~! g~ FW in Sawoudi and
dropped to 0.42 U min* g~! FW in Mlouki.

POD activity ranged between 0.03 U min~! g~! DW in Zidi flesh and
peel, and 0.78 U min~! g~} DW in Mozai peel, while Sawoudi showed
the highest value in flesh.

Finally, as for APX activity, the flesh parts displayed higher activity
than the peels. The flesh of Mlouki showed the highest value (1.33 U
min~! g~! DW), while Mozai had the lowest APX activity in the flesh,
with a reduction of more than 90 %. The Bayoudhi peel exhibited the
highest APX activity, while all the other cultivars had values around
0.10-0.15 U min~! g~! DW.

In addition, the variation in oxidative stress indicators presented in
Table 4 revealed that lipid peroxidation, as indicated by the concen-
tration of MDA, occurred in all studied cultivars (Table 4). Indeed, the
level of MDA in the flesh was greater than that recorded in the peel.
Moreover, the results showed that Bayoudhi flesh had the highest MDA
level (2.12 pmol g_1 DW). However, the peels of Sawoudi, Mozai, and
Zidi exhibited significantly higher levels than those recorded in the
other cultivars.

H,0; content was more abundant in the peel part, varying between
0.23 pmol g~! DW in Mozai and 2.85 pmol g~! DW in Sawoudi fruit.
However, in the flesh part, the level of this oxidant did not exceed 0.84
pmol g’l DW (Sawoudi). Besides, H,O5 contents were more concen-
trated in Sawoudi, Mlouki, and Assal. However, Mozai fruit exhibited a

Table 3
Ethylene production and pomological properties of the six fig cultivars studied.
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lower level of HyO5.
3.8. Principal component analysis (PCA)

PCA was carried out to obtain a simple and complete visualization of
the relationships among all variables. Fig. 9 shows that the two principal
components (PC) accounted for 62.41 % of the total variance.

The biplot shows that the mean values of Mozai, Assal, and Bayoudhi
cultivar samples were grouped in the positive quadrant of PC1 and were
characterized by increased ethylene production, stomatal conductance
(gs), net photosynthesis (Pn), acidity (Ac), peroxidase (POD) and
ascorbate peroxidase rates (APX) as well as L* and b* values. In contrast,
Zidi’s samples in the negative quadrant of PC1 were characterized by a
higher concentration of total phenolic content (TP), flavonoids (FL),
flavonols (FV), o-diphenols (O-DP), chlorophyll, MDA, and intracellular
CO,.

The Sawoudi samples were located in the negative quadrants of PC2,
which was characterized by higher values for firmness (FFir), pH, °Bx
(SSC), a*, anthocyanins (ANT), and vitamin C. Finally, samples of
Mlouki cultivar were placed in the negative quadrant of PC2 and the
positive quadrant of PC1, and these samples were positively correlated
with higher values of fruit weight (FW), fruit diameter (FD), fruit height
(FH), total sugars (TS), H2Oo, and transpiration rate (Tr).

mFlesh EPeel 2 a*

Totalsugar content (g 100 g DW)

Sawoudi Bayoudhi Zidi Mlouki Assal Mozai
Fig. 7. Change in the total sugar content in the peel and flesh of the fruits of the
six fig cultivars studied. The values are the means of three different fig samples
(n = 3) + standard deviation. The letters (a >b>c>d >e)and (A>B > C >
D > E) indicate significant differences (p < 0.05) among the flesh of the six
cultivars and the peel of the six cultivars studied, respectively. Different sub-
scripts *, **, indicate significant differences between peel and flesh where **’
means significant difference at p < 0.05 and '**’ significant difference at p
< 0.01.

2

Cultivars Ethylene (ppm) Firmness (kg cm™*) Fig juices pH Conductivity (mS) SSC (°Bx) TA (g CAE 100 mL’l) Vitamin C (mg 100 g’l FW)
Bayoudhi 0.72+0.15¢ 0.60 + 0.07 f 4.80 + 0.54 b 2.82+0.47 a 20.57 £ 0.30 b 4.90 + 0.60 a 0.22 £ 0.02a
Sawoudi 0.88 + 0.09 ¢ 1.83 £+ 0.06 ¢ 5.22 + 0.11 ab 297 £0.39a 18.70 + 0.43 ¢ 3.07 £ 0.90 cd 0.26 + 0.08 a
Mlouki 0.94 +0.13 ¢ 2.78 £ 0.04 a 5.61 +0.19a 2.83+0.31la 22.23+0.15a 4.20+0.01b 0.17 £ 0.06 a
Assal 1.33+0.33b 0.88 £ 0.05 e 5.51 £ 0.15a 2124+ 0.45b 20.83 £ 0.15 ab 2.77 £ 0.49 d 0.18 £ 0.03 a
Mozai 1.78 £ 0.12a 1.36 +0.09d 5.19 + 0.01 ab 2.72 + 0.18 ab 19.93 + 1.87 be 3.83 + 0.47 be 0.18 + 0.08 a
Zidi 1.06 + 0.12b ¢ 2.34+0.19b 5,51 +0.15a 2.57 + 0.06 ab 20.50 +0.36 b 2.67 £ 0.42d 0.20 +£0.01 a

The values are the means of three different fig samples (n = 3) + standard deviation. The letters (a > b > ¢ > d > e > f) indicate significant differences (p < 0.05) among

the six cultivars. CAE: citric acid equivalents.
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Fig. 8. A. Results of total phenolic content (TPC); B. flavonoid content; C. flavonol content; D. o-diphenol content; and E. anthocyanin content, in the peel and flesh
of fruits of the six fig cultivars studied. The values are the means of three different fig samples (n = 3) + standard deviation. The letters (a >b >c >d > e) and (A >
B > C > D > E) indicate significant differences (p < 0.05) between the flesh of the six cultivars and the peel of the six cultivars studied, respectively. Different
subscripts *, **, indicate significant differences between peel and flesh where **’ means significant difference at p < 0.05 and ***” significant difference at p < 0.01.

4. Discussion

The aim of this research was to contribute to the conservation of
Tunisian genetic resources of fig trees, to ensure the sustainability of
production, and to improve and preserve local fig cultivars, especially
those grown in a desert mountain climate. In the context of global

warming, the scarcity of water resources, and the increase in salinity,
more attention needs to be paid to the worrying situation of fruit trees
grown in Tunisia. However, there are few previous studies that have
related the physiological behavior of fig trees to the morphological
characterization, pomology and quality of the fruit, especially those
grown in the oasis of Gafsa. This work focused on the study of six
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Table 4
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Results of the enzymatic activities and oxidative stress indicators in fruit flesh and peel of six fig cultivars.

Cultivars Catalase (CAT) Peroxidase (POD) Ascorbate-peroxidase (APX) MDA (pmol 100 g’l DW) H,0, (pmol 100 g’1 DW)
(U min~! g’1 DW) (U min~! g’1 DW) U min ! g’1 DW)
Flesh Peel Flesh Peel Flesh Peel Flesh Peel Flesh Peel

Bayoudhi  1.50 + 2.53 +0.25 0.37 +£0.10 0.44 +0.14C 0.50 + 0.01 0.31 + 0.01 2.12 £0.01 0.98 + 0.01 0.29 + 0.11 223 +0.11
0.10d D* be c* A ax* B be B**

Sawoudi 10.64 12.08 +1.13 0.70 £ 0.10 0.60 £ 0.10B 0.35 £ 0.01 0.15 £+ 0.02 1.68 + 0.01 1.36 + 0.01 0.84 £ 0.08 2.85 + 0.10
+ A a d* B c* A a A¥*
0.30 a

Mlouki 0.42 + 1.32 + 0.08 0.33 £ 0.03 0.56 + 0.03 1.33 £ 0.08 0.16 £ 0.01 1.90 + 0.03 0.84 £ 0.02 0.43 £ 0.10 2.36 £ 0.15
0.07 e E* c BC* ar* B b* B b B**

Assal 1.50 + 2.35 + 0.05 0.42 +0.01 0.43£0.01C 1.01 + 0.01 0.14 £ 0.01 1.69 + 0.02 0.95 + 0.02 0.42 + 0.09 2.04 +0.08
0.10d D* be b** B c* B b C**

Mozai 2.70 £ 3.68 £0.35C 0.44 £+ 0.05 0.78 £ 0.10 0.13 4+ 0.04 f 0.10 £+ 0.07 1.45 +0.23d 1.29 + 0.19 0.18 +£ 0.01 0.23 £+ 0.03
0.28 ¢ b A* B A c E*

Zidi 3.44 + 6.83 + 0.30 0.03 + 0.05 0.03+0.01D 0.22+0.07e 0.16 + 0.07 1.86 + 0.10 1.55 + 0.31 0.25 + 0.02 0.42 + 0.02
0.32b B** d B be A c D*

Values are the means of three different fig samples (n = 3) + standard deviation. Letters (a >b > ¢ >d > e > f) and (A > B > C > D > E) indicate significant differences
(p < 0.05) among the flesh of the six cultivars and the peel of the six cultivars studied, respectively. Different subscripts * (p < 0.05), ** (p < 0.01), indicate significant

differences between peel and flesh.
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Fig. 9. Principal component analysis (biplot: scores and loadings diagrams) of
the first two principal components (PC1 vs PC2) based on phytochemical,
morphological, pomological, and physiological compounds analyzed (FH: fruit
height, FD: fruit diameter, FW: fruit weight, APX: ascorbate peroxidase, CAT:
catalase, Dpe: peduncle diameter, Ac: acidity, Hpe: peduncle height, POD:
peroxidase, FW: fruit weight, TP: total phenolic content, FL: flavonoids, FV:
flavonols, O-DP: o-diphenols, ANT: anthocyanins, MDA: malondialdehyde
content, CO»-in, FFir: fruit firmness, TS: total sugars, SPAD: chlorophyll con-
tent, Pn: net photosynthesis, gs: stomatal conductance, Tr: transpiration rate,
L*, b*, and a*: CIELab color coordinates, WUE = Pn/Tr, Cdu: conductivity, SSC:
°Bx, and H,0,: H,O, content).

different fig cultivars with the aim of encouraging farmers in oasis to
select and cultivate the latter for their important economic interests and
the high nutritional value of the fig fruit.

F. carica species, characterized by a larger leaf surface area and
thickness, which allows them to maximize chlorophyll production, have
a good potential for gas exchange, leading to a strong adaptation to the
arid Mediterranean climate [69]. Gas exchange capacity is an essential
factor in assessing the ability of fig cultivars to adapt to their growing
conditions [28]. In fact, climatic conditions (high temperatures, low
rainfall) alter the leaf chlorophyll content and gas exchange parameters
such as net photosynthetic assimilation, stomatal conductance, and
transpiration rate in fig trees [70].

10

The present study revealed that the Assal, Bayoudhi, and Mlouki
cultivars showed higher levels of chlorophyll and net photosynthetic
assimilation (Pn) content, while Zidi had the lowest values (Table 1). In
all cultivars studied, the concentration of chlorophyll in fig leaves
affected their net photosynthetic assimilation (Pn) level. According to
Mardinata et al. [71], chlorophyll is the key pigment for photosynthesis.
Indeed, the role of palisade parenchyma containing chlorophyll pigment
is very important for CO, conductance from ambient air to carboxyla-
tion sites in chloroplasts.

In all cultivars, the results also showed that Pn ranged between 7.52
pmol CO» m~2 57! and 10.44 pmol CO; m~2 s™L. These results are in
agreement with those indicated by Ammar et al. [72], which found that
Pn measured during August ranged from 3.7 to 9.5 pmol CO; m 257, in
Zidi and Bither Abiadh cultivars grown in a semi-arid climate, in central
Tunisia. However, Can et al. [73] reported that, during the period of the
increase in carbohydrates demand (August), Pn values reached 29.45
pmol CO, m~2 s7! in a rain-fed climate (Turkey). According to these
previous studies, Pn can vary significantly depending on climatic con-
ditions and cultivar effects.

In the present study, the concentration of carbon dioxide in the
intercellular spaces of a leaf (Ci) varied significantly between cultivars
and followed that of Pn values. The variation of Pn is related to stomatal
behavior, which determines the penetration of CO; into the leaf.
Maximum stomatal conductance (gs) was found in Assal, Mlouki, Bay-
oudhi, and Mozai cultivars (397.34, 375.63, 370.33, and 369.33 mmol
Hy0 m~2 s71, respectively). According to Can et al. [28], gs reached
270-370 mmol m 2 s~} in some fig cultivars growing in Turkey. As a
matter of fact, gs controls several parameters, such as photosynthetically
active radiation, water status, and air temperature.

In all studied cultivars, the transpiration rate (Tr) did not exceed
2.67 mmol HyO m2s L However, Can et al. [28] indicated that Tr
could reach more than 10 mmol HyO m~2 57! in humid climates.

In the present study, the Zidi cultivar showed the lowest values of Pn,
Tr, and gs. Campostrini et al. [74] and Gonzalez-Rodriguez and Peters
[75] have previously reported a positive correlation between gas ex-
change parameters (Pn, Tr, and gs), relative chlorophyll content, and
environmental factors. A similar behavior has also been reported in
other deciduous fruit trees, such as apples [76] and peaches [70].

Instantaneous water use efficiency (WUEins) is considered one of the
most important parameters used in genotype selection and evaluation
for the best water use efficiency [77], especially in arid climates. The
results indicated that Mozai and Assal had the highest WUEins (4.63 and
4.53 pmol CO, pmol ™! H,0, respectively), which proved a good effi-
ciency in water use. In addition, fig cultivation in the oasis is distin-
guished by low light availability, multi-layered systems, and high
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planting density compared to widely spaced trees in commercial or-
chards. Therefore, these different factors maximize the yields of
good-quality fruits by increasing the photosynthetic capacity. In fact,
reducing light penetration into the oasis can avoid excess sunlight
(which increases photo-oxidation) and could be a good mechanism to
prevent photoinhibition in a warm climate [78]. This microclimate that
characterizes the oasis tends to increase humidity and reduce transpi-
ration by lowering leaf temperature.

Aside from the physiological parameters, the ripening period of the
fig, the color of the peel, the shape of the fruit, and the sensory quality
are considered among the most important characteristics of the fruit and
plant for ‘fresh fig selection programs’ [79]. The fruit weight and
diameter of the studied cultivars ranged from about 34 g (Assal) and 41
cm (Bayoudhi and Zidi) to 66 g and 53 cm (Mlouki). According to
Gozlekcei [80], the differences in the morphological characteristics can
be attributed to growing season conditions, agricultural practices, tree
age, genotype, and environmental interaction. In particular, Fateh and
Ferchichi [81] reported that the Bayoudhi cultivar from southern
Tunisia had higher fruit weight (63.8 g) and size (48.7 and 56.2 mm
height and diameter, respectively) than the results found in the present
study. Similarly, Trad et al. [82] and Fateh et Ferchichi [6] have found
that Zidi fruits harvested in Tunisia’s sub-humid climate (Djebba and
Beja), with rainfall of 600-800 mm, were characterized by a higher fruit
weight and diameter, reaching 101.79 g and 57.48 mm, respectively.

Regarding the peduncle, the results showed that its height ranged
from 6.49 mm in the Mozai to 12.95 mm in the Bayoudhi fruit (Table 2).
These results are similar to those obtained in a previous study [83],
which reported that fruits with excessively long stalks are not desirable
for the fresh fig industry.

Skin color and flesh firmness are strongly correlated with the quality
of the product. According to Condit [52], the epidermal cells are
colorless, and the color of figs is found in parenchyma cells lying just
beneath the epidermis. Assessment of fruit color showed that Sawoudi
and Zidi had similar dark colors, with L* ranging between 32 and 35 and
a higher value of a* (Fig. 4) in comparison with the other samples. Ac-
cording to Solomon et al. [84], fig color appearance correlates with total
polyphenols, flavonoids, anthocyanins, and antioxidant capacity.
Moreover, their results have confirmed that ‘dark figs’ contained more
phytochemicals than ‘lighter fruits’. In general, consumers share a
common trend, showing a preference for dark-colored figs for fresh
consumption [85]. It is possible that this consumer behavior is linked to
the ancestral combination of green with the unripeness or bitterness
(toxicity) of the fruit.

Flaishman et al. [2] have reported that fig fruits have traditionally
been classified as climacteric, albeit with moderate respiratory activity
and a moderate ethylene production rate (1-10 pL kg at 20 °C). Chessa
et al. [86] have stated that the ripening process of the fig fruit is
accompanied by an increase in the production of ethylene. In general,
ethylene can affect the growth cycle of fruits even at low concentrations
of 0.1 pL. kg ™! or even less [57]. In the present study, the results showed
that ethylene production varied significantly among cultivars and
reached a value of 1.78 ppm in Mozai fruits.

The vitamin C content in the whole fruit ranged between 0.17 and
0.27 mg 100 g~! FW, and no significant difference was recorded among
the different cultivars studied. These values are rather low compared to
those recorded by Pereira et al. [87] in the fig cultivar Bananas. The
National Nutrient Database, USDA (2016), has stated that the vitamin C
content of figs is about 2 mg 100 g~} FW. Vitamin C biosynthesis can
vary significantly according to stage of ripeness, environmental condi-
tions, cultivation practices, and genotype [87].

Firmness is considered an important parameter and is generally used
to determine fruit harvest as well as the degree of ripeness during post-
harvest [88]. The results for fruit firmness showed that this parameter
depended significantly on the cultivar. The Mlouki and Zidi cultivars
had the highest consistency values (2.78 and 2.34 kg cm™2, respec-
tively). Pereira et al. [89] have reported that fig firmness decreased
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during the ripening process (from 2.57 N mm™! to 0.75 N mm ).

Caliskan and Polat [90] and Trad et al. [91] have stated that the high
content of soluble solids, low acidity, and sufficient firmness of the flesh
in the fig fruit are among the most important characteristics of good
quality and high consumer acceptance. The present results showed that
Sawoudi and Mlouki exhibited a higher soluble solid content (SSC)
ranging between 18 and 22 °Bx, respectively. Similar results have been
shown by Caliskan and Polat [90] in Turkish fig cultivars.

Mlouki and Assal cultivars showed elevated concentrations of sugars
in both tissues (peel and flesh), compared to other studied cultivars.
Trad et al. [91] have suggested that the high content of soluble solids
and reducing sugars are the main factors that improve the flavor and
quality taste in figs. Lama et al. [92] have explained this increase in
soluble sugar levels at the time of ripening of the fig fruit by a net import
of photosynthesis rather than by a synthesis of this compound from the
reservoirs stored in the fruit.

The pH values of the fig cultivars studied ranged between 4.80 and
5.61 (in Bayoudhi and Mlouki, respectively). Likewise, many previous
studies have indicated that the pH values of Tunisian and Italian fig
fruits could not exceed 6 [81,93]. The ripening of fig fruits is accom-
panied by an increase in pH values and a decrease in acidity (TA).
Bayoudhi and Mlouki fruits were the most acidic (4.90 and 4.20 g CAE
100 mL™}, respectively). According to Pereira et al. [63], the TA of fig
fruits grown in Spain ranged between 0.72 and 2.14 g CAE 100 mL "},
whereas Aljane et al. [81] mentioned that total acidity in some Tunisian
fig cultivars did not exceed 1.86 g CAE 100 mL ™.

As for phenolic compounds, they are usually more abundant in the
peel of the fig than in the flesh part. The cultivars studied in the present
work showed higher levels of phenolic compounds in the peel
(116.59-1350.79 mg HTE100 g 'DW in Bayoudhi and Zidi, respec-
tively), as well as in the flesh (121.95-697.64 mg HTE100 g_lDW), than
those reported in previous studies. In fact, as stated by Kamiloglu and
Capanoglu [94], the total phenolic content in the peel of Bursa Siyahi (a
Turkish cultivar) was about 930 mg of HTE 100 g~ FW, while its con-
tent in the flesh was 351 mg of HTE 100 g~ FW. In addition, the results
of Solomon et al. [84] on dark and green fig fruits showed that the
concentration of total phenolic compounds reached 463.0 and 100.6 mg
of HTE 100 gfl FW in the peel and flesh, respectively.

All the results above are in agreement with other studies, which re-
ported that the polyphenol content in dark-skinned figs was significantly
higher than that in light-skinned figs [79,95]. In general, the richness of
phenolic compounds in the dark-colored peels is related to the accu-
mulation of anthocyanins during the maturation process [96].

In the present work, flavonoid content significantly varied among
cultivars, with the highest concentrations recorded in Zidi peel (228.32
mg CE 100 g~! FW). Kamiloglu and Capanoglu [94] have found similar
results in Bursa Siyahi fig (234 mg CE 100 g~ 'DW). Conversely, Solomon
et al. [84] and Aljane et al. [36] have reported lower concentrations in
other cultivars (21.50 and 17.59 mg CE 100 g~! FW, respectively).

In general, flavonoids are commonly classified as ‘environmental
compounds’ because they are often produced in direct response to
environmental conditions [97]. According to our findings, flavonoid
compounds were most abundant in Zidi (dark peel) and Mozai (light
peel). Vallejo et al. [97] have reported that figs with dark-colored peels
were more concentrated in flavonoids, while Aljane et al. [36] have
stated that yellowish-green fig groups were the richest in this compound.

Flavonols represent another class of polyphenols that are abundant
in the peel parts of the fig fruits. In the present work, their concentra-
tions reached 328.04 mg QE 100 g~! DW in Zidi peel. Wojdyto et al. [98]
have reported that concentrations of flavonol congeners ranged between
408 and 2178 mg QE 100 g~* DW in Spanish fig cultivars.

Significant differences were found among the cultivars studied with
regard to o-diphenol content. Indeed, Zidi’s peel was the richest, with a
concentration reaching 492.0 mg HTE 100 g~! DW, while Bayoudhi’s
peel exhibited a very low concentration (<10 mg HTE 100 g~ ! DW). This
huge disparity in results suggested that the variation of these compounds
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essentially depended on the cultivar.

Anthocyanins were present in the peel and flesh tissues of all culti-
vars studied, and the highest concentration was recorded in the peel of
the Zidi fruit (3.62 mg C3GE 100 g’1 DW). Previous research studies
have suggested that the anthocyanin content ranged between 0.43 and
108.9 mg C3GE 100 g~ DW in the peel [99,100]. In addition, according
to Ayuso et al. [101], dark fig peels are interesting sources of anthocy-
anins, and for this reason, fig peels, and fruit in general, should not be
discarded. Indeed, fig peels are currently used in the food industry as a
sustainable source of natural food coloring. However, in the case of the
fig, the consumption of the peel depends on the local culture, its state of
integrity, and the presence of annoying tactile sensations in the mouth.

Multivariate exploratory analysis is an effective technique used to
outline a similarity model among fig variables and samples, as
mentioned above [51,98,102]. In the present study, phytochemical
variables were found to be useful in distinguishing Zidi cultivars that
represent excellent sources of antioxidant substances. Khadhraoui et al.
[102], and Veberic et al. [103] have shown that phytochemical variables
were able to distinguish fig cultivars, as they found a strong correlation
among the amounts of total phenols, phenolic acids, flavonoids, and
antioxidant capacity. In this study, the results of the PCA allowed to
group the cultivars into four clusters with regard to physiological,
morphological, and phytochemical parameters.

The concentration of phenolic compounds in fig fruit was positively
correlated with its antioxidant potential and its ability to scavenge free
radicals in order to prevent the onset of oxidative stress [104]. Protec-
tive oxidative systems in fruit also include antioxidant enzymes such as
CAT, POD, and APX. The results proved that Sawoudi fruit exhibited the
highest antioxidant enzymatic activities assessed by catalase (12.08 and
10.64 U min~! g~ DW in the peel and flesh, respectively), followed by
Zidi. Instead, the fruits of other cultivars, especially those with a
light-colored peel, showed lower catalase activity.

The higher antioxidant activity of dark-peeled fig cultivars could be
explained by their richness in polyphenols, anthocyanins, and flavo-
noids. According to our findings, the activities of POD and APX were
significantly lower than those of CAT. In addition, antioxidant enzy-
matic activities in the peel part were higher than those measured in the
flesh tissue, mainly for CAT. Similar results have also been found in
peach fruits [105]. CAT and POD are among the most important fruit
protection systems against the harmful effects of reactive oxygen species
(ROS) [57].

These enzymes also play an important role in the elimination of
markers of oxidative stress (MDA and H3032). According to PCA’s anal-
ysis, MDA was loaded on PC1 with a relevant weight, while HoO, was
loaded on PC2, and for this reason both can be considered effective
parameters to separate the samples set in subclusters. The present study
indicated that Sawoudi had the highest level of HyO5 in both tissues,
while the Bayoudhi fruit showed the highest level of lipid peroxidation
(MDA content) (2.12 pmol 100 g’1 DW) in the flesh. The MDA content is
an indicator of rapid senescence, loss of membrane integrity, fruit
damage, and membrane lipid peroxidation [106,107]. Indeed, the de-
gree of lateral cracking of the peel can be the main cause of damage to
the fruits and oxidative stress, as observed in Sawoudi, Bayoudhi, and
Zidi. Besides, the work of Kong et al. [108] has revealed that the pres-
ence of lateral cracking in the peel of fig fruit was mostly associated with
the loss of sensory and nutritional properties. In addition, Condit [52]
has suggested that the prominent ribs (longitudinal ridges running from
the base to the apex) that characterize fig fruit make the peel more
susceptible to injury during handling.

5. Conclusion

The findings of the study revealed that Mlouki’s fruit, with its green
and purple coloration, exhibited the highest weight and sugar contents,
rendering it highly desirable for both retailers and consumers. Besides,
dark-peeled fruits, such as Sawoudi and Zidi, demonstrated a
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remarkable richness in phytochemicals, including total phenolic con-
tent, flavonoids, and anthocyanins, as well as notable enzymatic activ-
ity, particularly in catalases and peroxidases. This enzymatic activity
contributes to their resistance against oxidative and degradative
phenomena.

Considering the results of the present study, the valorization of fig
peel as a by-product in the food supplements, flavors, and colorants
sectors due to its richness in sugars and phenolic compounds and its
higher antioxidant enzyme activities could represent a valuable avenue
to be explored.

Finally, the results gathered from this study highlight Sawoudi, Zidi,
and Mlouki cultivars as having the best quality of fruit and could
therefore be excellent choices for future fig cultivation efforts. The
morphological and chemical characterization of these Tunisian fig cul-
tivars can serve as a foundation for prioritizing funding programs aimed
at optimizing the use of fresh and dried figs.

Funding

This research was funded by Taif University, Saudi Arabia, Project
no. TU-DSPP-2024-115.

Institutional Review Board statement

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board.

Informed consent statement
Not applicable.
CRediT authorship contribution statement

Maatallah S: Writing — original draft, Methodology, Data curation,
Conceptualization. Guizani M: Writing — original draft, Visualization,
Investigation, Software. Lahbib K: Formal analysis, Validation, Soft-
ware. Montevecchi G: Writing — review & editing, funding acquisition,
Software. Santunione G: Writing — review. Hessini K: Conceptualiza-
tion, review & editing& editing. Dabbou S: Supervision, Writing — re-
view & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

The authors are first grateful to the Association for the Preservation
of the Gafsa oasis (ASM-Gafsa), M. Hatem Zitoun for his collaboration in
this work, as well as to the farmers of Gafsa oasis for the help given to the
experimental assays. In addition, the authors extend their appreciation
to Taif University, Saudi Arabia, for supporting this work through
project number "TU-DSPP-2024-115". We would also like to thank the
technical staff Besma Fersi, Nejib Mnafgui, Sameh Kadri, and Moez Affi
for their help in the field and for facilitating the experimental work
carried out in the experimental orchards.



S. Maatallah et al.

References

[1]

[2]
[3]

[4]
(5]

[6

—

[7

—

[8

—

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

M. Mars, K. Chatti, O. Saddoud, A. Salhi-Hannachi, M. Trifi, M. Marrakchi, Fig
cultivation and genetic resources in Tunisia, an overview, Acta Hortic. 798
(2008) 27-32. https://doi.org/10.17660/ActaHortic.2008.798.2.

M.A. Flaishman, B. Dagan, V. Rodov, B. Dagan, E. Stover, in: J. Janick (Ed.),
Horticultural Reviews, 34, John Wiley & Sons, Inc, pp. 113-196.

Food and Agriculture Organization of the United Nation, FAOSTAT.

DGPA, Direction Générale de la Production Agricole, 2018.

B. Ozdemir, S. Altintas, K. Ozrenk, F. Celik, Genetic characterization of edible fig
(Ficus carica L.) genotypes grown in Siirt region based on Trn L-F region, J. Biol.
Environ. Sci. 14 (2020) 137-142.

F. Aljane, A. Ferchichi, Assessment of genetic diversity of Tunisian fig (Ficus
carica L.) cultivars using morphological and chemical characters, Acta Bot. Gall.
157 (2010) 171-182. https://doi.org/10.1080/12538078.2010.10516197.

B. Valdés Castrillon, J.E. Hernandez Bermejo, The Mediterranean flora as a
reservoir of genetic resources for cultivated plants, Ecol. Mediterr. 21 (1995)
41-46. https://doi.org/10.3406/ecmed.1995.1753.

D Dubost. L’oasis: mythe agricole et réalités sociales, Les Cahiers de la Recherche
Développement 22, 1989, pp. 27-41. https://revues.cirad.fr/index.php/crd/arti
cle/view/36579.

H. Zitouni, S. Ben, C. Sihem, B. Maachia, R. Khaldi, B. Zougari, L. Dhaouadi,
World Agriculture Heritage Foundation Association pour la Sauvegarde de la
Médina de Gafsa Projet, « Evaluation Quantitative et Qualitative des Services
Environnementaux et de la résilience de L’oasis Historique de Gafsa » Rapport
Intermédiaire, 2017.

M.E. El-Bially, H.S. Saudy, .M. El-Metwally, M.G. Shahin, Sunflower response to
application of L-ascorbate under thermal stress associated with different sowing
dates, Gesunde Pflanz. 74 (2022) 87-96. https://doi.org/10.1007/510343-02
1-00590-2.

A. Shaaban, T.A.A. El-Mageed, W.R.A. El-Momen, H.S. Saudy, O.A.A.L. Al-
Elwany, The integrated application of phosphorous and zinc affects the
physiological status, yield and quality of canola grown in phosphorus-suffered
deficiency saline soil, Gesunde Pflanz 75 (2023) 1813-1821. https://doi.
org/10.1007/5s10343-023-00843-2.

M.G. Shahin, H.S. Saudy, M.E. El-Bially, W.R. Abd El-Momen, Y.A. El-Gabry, G.
A. Abd El-Samad, A.N. Sayed, Physiological and agronomic responses and
nutrient uptake of soybean genotypes cultivated under various sowing dates,

J. Soil Sci. Plant Nutr. 23 (2023) 5145-5158. https://doi.org/10.1007/s42729-02
3-01389-y.

M.A.A. Ali, M.A. Nasser, A.N. Abdelhamid, I.A.A. Ali, H.S. Saudy, K.M. Hassan,
Melatonin as a key factor for regulating and relieving abiotic stresses in harmony
with phytohormones in horticultural plants — a review, J. Soil Sci. Plant Nutr. 24
(2024) 54-73. https://doi.org/10.1007/s42729-023-01586-9.

H. Saudy, M. El-Bially, I. El-Metwally, M. Shahin, Physio-biochemical and
agronomic response of ascorbic acid treated sunflower (Helianthus annuus) grown
at different sowing dates and under various irrigation regimes, Gesunde Pflanz.
73 (2021) 169-179. https://doi.org/10.1007/s10343-020-00535-1.

T.A.A. El-Mageed, A.A.A. Mekdad, M.O.A. Rady, A.S. Abdelbaky, H.S. Saudy,
A. Shaaban, Physio-biochemical and agronomic changes of two sugar beet
cultivars grown in saline soil as influenced by potassium fertilizer, J. Soil Sci.
Plant Nutr. 22 (2022) 3636-3654. https://doi.org/10.1007/s42729-022-00916-7

F.F. Lasheen, M. Hewidy, A.N. Abdelhamid, R.S. Thabet, M.M.M. Abass, A.

A. Fahmy, H.S. Saudy, K.M. Hassan, Exogenous application of humic acid
mitigates salinity stress on Pittosporum (Pittosporum tobira) plant by adjusting the
osmolytes and nutrient homeostasis, J. Crop Health 76 (2023) 317-325. htt
ps://doi.org/10.1007/510343-023-00939-9.

E.M.M. Salem, K.M.M. Kenawey, H.S. Saudy, M. Mubarak, Soil mulching and
deficit irrigation effect on sustainability of nutrients availability and uptake, and
productivity of maize grown in calcareous soils, Commun. Soil Sci. Plant Anal. 52
(2021) 1745-1761. https://doi.org/10.1080/00103624.2021.1892733.

M.E. El-Bially, H.S. Saudy, F.A. Hashem, Y.A. El-Gabry, M.G. Shahin, Salicylic
acid as a tolerance inducer of drought stress on sunflower grown in sandy soil,
Gesunde Pflanz 74 (2022) 603-613. https://doi.org/10.1007/s10343-022
-00635-0.

M.L. Hadid, K.M.A. Ramadan, H.S. El-Beltagi, A.A. Ramadan, [.M. El-Metwally, T.
A. Shalaby, E.S.A. Bendary, K.M. Alwutayd, H.S. Saudy, Modulating the
antioxidant defense systems and nutrients content by proline for higher yielding
of wheat under water deficit, Not. Bot. Horti Agrobot. Cluj-Napoca 51 (2023).
https://doi.org/10.15835/nbha51313291.

B.S.I. Makhlouf, S.R.A.E. Khalil, H.S. Saudy, Efficacy of humic acids and chitosan
for enhancing yield and sugar quality of sugar beet under moderate and severe
drought, J. Soil Sci. Plant Nutr. 22 (2022) 1676-1691. https://doi.org/10.1007
/s42729-022-00762-7.

K.M.A. Ramadan, H.S. El-Beltagi, T.A.A. El Mageed, K.E. Mazrou, G.F. Mohamed,
M.T. El-Saadony, F.M.A. El-Saadony, M.H.H. Roby, H.S. Saudy, A.I.B. Abou-
Sreea, Significance of selenium in ameliorating the effects of irrigation deficit via
improving photosynthesis efficiency, Cell integrity, osmo-protectants, and oil
profile of anise crop, Not. Bot. Horti Agrobot. Cluj-Napoca. 51 (2023) 1-18.
https://doi.org/10.15835/NBHA51413437.

M. Mubarak, E.M.M. Salem, M.K.M. Kenawey, H.S. Saudy, Changes in calcareous
soil activity, nutrient availability, and corn productivity due to the integrated
effect of straw mulch and irrigation regimes, J. Soil Sci. Plant Nutr. 21 (2021)
2020-2031. https://doi.org/10.1007/s42729-021-00498-w.

13

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Journal of Agriculture and Food Research 17 (2024) 101253

A. Shaaban, H. Mahfouz, E.A. Megawer, H.S. Saudy, Physiological changes and
nutritional value of forage clitoria grown in arid agro-ecosystem as influenced by
plant density and water deficit, J. Soil Sci. Plant Nutr. 23 (2023) 3735-3750. htt
ps://doi.org/10.1007/s42729-023-01294-4.

A. Ammar, I. Ben Aissa, M. Mars, M. Gouiaa, Comparative physiological behavior
of fig (Ficus carica L.) cultivars in response to water stress and recovery, Sci.
Hortic. 260 (2020) 108881. https://doi.org/10.1016/j.scienta.2019.108881.
S.N. Vemmos, E. Petri, V. Stournaras, Seasonal changes in photosynthetic activity
and carbohydrate content in leaves and fruit of three fig cultivars (Ficus carica L.),
Sci. Hortic. 160 (2013) 198-207. https://doi.org/10.1016/j.scienta.2013.05.036.
H.Z. Can, U. Aksoy, Seasonal and diurnal photosynthetic behaviour of fig (Ficus
carica L.) under semi-arid climatic conditions, Acta Agric. Scand. Sect. B Soil
Plant Sci. 57 (2007) 297-306. https://doi.org/10.1080/09064710600982753.
A. Ammar, I. Ben Aissa, F. Zaouay, M. Gouiaa, M. Messaoud, Physiological
behaviour of fig tree (Ficus carica L.) under different climatic conditions, in: M.
F. Ramadan (Ed.), Fig (Ficus carica): Production, Processing, and Properties,
Springer, Cham., 2023, pp. 247-257. https://doi.org/10.1007/978-3-031-1649
3-410.

H.Z. Can, K.B. Meyvac, Determination of gas exchange capacity of some Breba fig
cultivars, in : III International Symposium on Fig, 2005, pp. 117-122 798, htt
ps://doi.org/10.17660/ActaHortic.2008.798.14.

F.S.0. Silva, E.C. Pereira, V. Mendongca, R.M. Da Silva, A.A. Alves, Phenology and
yield of the ‘Roxo de Valinhos’ fig cultivar in western potiguar | Fenologia e
producao da figueira cv. Roxo de Valinhos no oeste potiguar, Rev. Caatinga. 30
(2017) 802-810. https://doi.org/10.1590/1983-21252017v30n329rc.

N.A. Noureldin, H.S. Saudy, F. Ashmawy, H.M. Saed, Grain yield response index
of bread wheat cultivars as influenced by nitrogen levels, Ann. Agric. Sci. 58
(2013) 147-152. https://doi.org/10.1016/j.a0as.2013.07.012.

H.S. Saudy, W.R. Abd El-Momen, N.S. El-Khouly, Diversified nitrogen rates
influence nitrogen agronomic efficiency and seed yield response index of sesame
(Sesamum Indicum, L.) cultivars, Commun. Soil Sci. Plant Anal. 49 (2018)
2387-2395. https://doi.org/10.1080,/00103624.2018.1510949.

H. Saudy, N. Noureldin, M. Mubarak, W. Fares, M. Elsayed, Cultivar selection as a
tool for managing soil phosphorus and faba bean yield sustainability, Arch. Agron
Soil Sci. 66 (2020) 414-425. https://doi.org/10.1080/03650340.2019.1619078.
S. Francesco, M.R. Loizzo, M. Bonesi, A. Pugliese, F. Menichini, R. Tundis,
Chemical composition and bioactivity of dried fruits and honey of Ficus carica
cultivars Dottato, San Francesco, and Citrullara, J. Sci. Food Agric. 94 (2014)
2179-2186. https://doi.org/10.1002/jsfa.6533.

M.S. Daniel Valero. Postharvest Biology and Technology for Preserving Fruit
Quality, CRC Press, Boca Raton, 2010. https://doi.org/10.1201/9781439802670.
LF. ul Rasool, A. Aziz, W. Khalid, H. Koraqi, S.A. Siddiqui, A. AL-Farga, W.F. Lai,
A. Ali, Industrial application and health prospective of fig (Ficus carica) by-
products, Molecules 28 (960) (2023). https://doi.org/10.3390/molecules280309
60.

F. Aljane, M.H. Neily, A. Msaddak, Phytochemical characteristics and antioxidant
activity of several fig (Ficus Carica L.) ecotypes, Ital, J. Food Sci. 32 (2020)
755-768. https://doi.org/10.14674/1JFS.1884.

A.B. Kiiden, S. Bayazit, S. Comlekcioglu, Morphological and Pomological
Characteristics of Fig Genotypes Selected from Mediterranean and South East
Anatolia Regions. 3rd International Symposium on Fig, 2008, pp. 95-102.
Algarve, Portekiz. 16 - 20 May 2005.

R. Konak, I. Kosoglu, A. Yemenicioglu, Effects of different drying methods on
phenolic content , antioxidant capacity and general characteristics of selected
dark colored Turkish fig cultivars, Acta Hortic 1173 (2017) 335-340. https://doi.
org/10.17660/ActaHortic.2017.1173.58.

R. Veberic, M. Mikulic-petkovsek, Phytochemical composition of common fig
(Ficus carica L.) cultivars, Nutr. Compos. Fruit Culti. (2016) 235-255. https://doi.
org/10.1016/B978-0-12-408117-8.00011-8.

A. Slatnar, U. Klancar, F. Stampar, R. Veberic, Effect of drying of figs (Ficus carica
L.) on the contents of sugars, organic acids, and phenolic compounds, J. Agric.
Food Chem. 59 (2011) 11696-11702. https://doi.org/10.1021/jf202707y.

R.M. Costa, A.S. Magalhaes, J.A. Pereira, P.B. Andrade, P. Valentao, M. Carvalho,
B.M. Silva, E.S. Agrdria, I.P. De Braganga, C.D.S. Apolénia, Evaluation of free
radical-scavenging and antihemolytic activities of quince (Cydonia oblonga) leaf :
a comparative study with green tea (Camellia sinensis), Food Chem. Toxicol. 47
(2009) 860-865. https://doi.org/10.1016/j.fct.2009.01.019.

A. Dutta, £.J. Batra, Expression of terpenoid indole alkaloid biosynthetic
pathway genes corresponds to accumulation of related alkaloids in Catharanthus
roseus (L.), Planta 220 (2005) 376-383. https://doi.org/10.1007/500425-00
4-1380-9.

M. Marrelli, F. Menichini, G.A. Statti, M. Bonesi, P. Duez, F. Menichini,

F. Conforti, Changes in the phenolic and lipophilic composition, in the enzyme
inhibition and antiproliferative activity of Ficus carica L. cultivar Dottato fruits
during maturation, Food Chem. Toxicol. 50 (2012) 726-733. https://doi.
org/10.1016/j.fct.2011.12.025.

D. Sung, F. Kaplan, K. Lee, C.L. Guy, Acquired tolerance to temperature extremes,
Trends Plant Sci 8 (2003) 179-187. https://doi.org/10.1016/51360-1385(03)
00047-5.

M.H. Khan, S.K. Panda, Alterations in root lipid peroxidation and antioxidative
responses in two rice cultivars under NaCl-salinity stress, Acta Physiol. Plant. 30
(2008) 81-89. https://doi.org/10.1007/s11738-007-0093-7.

V. Arbona, Z. Hossain, M.F.L. Pez-Climent, R.M.P. Rez-Clemente, A.G. Mez-
Cadenas, Antioxidant enzymatic activity is linked to waterlogging stress tolerance
in citrus, Physiol. Plantarum 4 (2008) 452-466. https://doi.org/10.1111/j.1399
-3054.2007.01029.x.


https://doi.org/10.17660/ActaHortic.2008.798.2
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref4
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref5
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref5
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref5
https://doi.org/10.1080/12538078.2010.10516197
https://doi.org/10.3406/ecmed.1995.1753
https://revues.cirad.fr/index.php/crd/article/view/36579
https://revues.cirad.fr/index.php/crd/article/view/36579
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref9
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref9
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref9
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref9
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref9
https://doi.org/10.1007/s10343-021-00590-2
https://doi.org/10.1007/s10343-021-00590-2
https://doi.org/10.1007/s10343-023-00843-2
https://doi.org/10.1007/s10343-023-00843-2
https://doi.org/10.1007/s42729-023-01389-y
https://doi.org/10.1007/s42729-023-01389-y
https://doi.org/10.1007/s42729-023-01586-9
https://doi.org/10.1007/s10343-020-00535-1
https://doi.org/10.1007/s42729-022-00916-7
https://doi.org/10.1007/s10343-023-00939-9
https://doi.org/10.1007/s10343-023-00939-9
https://doi.org/10.1080/00103624.2021.1892733
https://doi.org/10.1007/s10343-022-00635-0
https://doi.org/10.1007/s10343-022-00635-0
https://doi.org/10.15835/nbha51313291
https://doi.org/10.1007/s42729-022-00762-7
https://doi.org/10.1007/s42729-022-00762-7
https://doi.org/10.15835/NBHA51413437
https://doi.org/10.1007/s42729-021-00498-w
https://doi.org/10.1007/s42729-023-01294-4
https://doi.org/10.1007/s42729-023-01294-4
https://doi.org/10.1016/j.scienta.2019.108881
https://doi.org/10.1016/j.scienta.2013.05.036
https://doi.org/10.1080/09064710600982753
https://doi.org/10.1007/978-3-031-16493-4_10
https://doi.org/10.1007/978-3-031-16493-4_10
https://doi.org/10.17660/ActaHortic.2008.798.14
https://doi.org/10.17660/ActaHortic.2008.798.14
https://doi.org/10.1590/1983-21252017v30n329rc
https://doi.org/10.1016/j.aoas.2013.07.012
https://doi.org/10.1080/00103624.2018.1510949
https://doi.org/10.1080/03650340.2019.1619078
https://doi.org/10.1002/jsfa.6533
https://doi.org/10.1201/9781439802670
https://doi.org/10.3390/molecules28030960
https://doi.org/10.3390/molecules28030960
https://doi.org/10.14674/IJFS.1884
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref37
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref37
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref37
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref37
https://doi.org/10.17660/ActaHortic.2017.1173.58
https://doi.org/10.17660/ActaHortic.2017.1173.58
https://doi.org/10.1016/B978-0-12-408117-8.00011-8
https://doi.org/10.1016/B978-0-12-408117-8.00011-8
https://doi.org/10.1021/jf202707y
https://doi.org/10.1016/j.fct.2009.01.019
https://doi.org/10.1007/s00425-004-1380-9
https://doi.org/10.1007/s00425-004-1380-9
https://doi.org/10.1016/j.fct.2011.12.025
https://doi.org/10.1016/j.fct.2011.12.025
https://doi.org/10.1016/S1360-1385(03)00047-5
https://doi.org/10.1016/S1360-1385(03)00047-5
https://doi.org/10.1007/s11738-007-0093-7
https://doi.org/10.1111/j.1399-3054.2007.01029.x
https://doi.org/10.1111/j.1399-3054.2007.01029.x

S. Maatallah et al.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

M. Luisa Cristina Sgherri, M. Maffei, F. Navari-1zzo, Plant physiologyantioxidative
enzymes in wheat subjected to increasing water deficit and rewatering, J. Plant
Physiol. 157 (2000) 273-279. https://doi.org/10.1016/50176-1617(00)80048-6.
M. Hasanuzzaman, M.H.M.B. Bhuyan, K. Parvin, T.F. Bhuiyan, T.I. Anee,

K. Nahar, M.S. Hossen, F. Zulfiqgar, M.M. Alam, M. Fuyjita, Regulation of ros
metabolism in plants under environmental stress: a review of recent experimental
evidence, Int. J. Mol. Sci. 21 (2020) 1-44. https://doi.org/10.3390/ijms21
228695.

B.A.M. Lahbib, Etude de la rationalisation de I’eau dans 1’oasis historique de
Gafsa, 2010, pp. 1-64. https://www.fao.org/3/bp882f/bp882f.pdf.

D. Ninez-Gémez, P. Legua, J.J. Martinez-Nicolds, P. Melgarejo, Breba fruits
characterization from four varieties (Ficus carica L.) with important commercial
interest in Spain, Foods 10 (2021) 3138. https://doi.org/10.3390/foods10
123138.

C. Teruel-Andreu, E. Sendra, F. Hernandez, M. Cano-Lamadrid, Nutritional and
functional compounds and antioxidant activity of edible and non-edible fruit part
of brebas and figs (Ficus carica L.) among different varieties, Sci. Hortic. 318
(2023). https://doi.org/10.1016/j.scienta.2023.112069.

1.J. Condit. The Fig, Chronica Botanica Compan, 1947.

IPGRI and CIHEAM, Descriptors for Figs, International Plant Genetic Resources
Institute (IPGRI), Rome, Italy, and the International Centre for Advanced
Mediterranean Agronomic Studies (CIHEAM), 2003. Paris, France.

S. Dabbou, C. Lussiana, S. Maatallah, L. Gasco, H. Hajlaoui, G. Flamini, Changes
in biochemical compounds in flesh and peel from Prunus persica fruits grown in
Tunisia during two maturation stages, Plant Physiol. Biochem. 100 (2016) 1-11.
https://doi.org/10.1016/j.plaphy.2015.12.015.

G. Montevecchi, G. Vasile Simone, F. Masino, C. Bignami, A. Antonelli, Physical
and chemical characterization of Pescabivona, a Sicilian white flesh peach
cultivar [Prunus persica (L.) Batsch], Food Res. Int. 45 (2012) 123-131. https://
doi.org/10.1016/j.foodres.2011.10.019.

C.C. Nweze, M.G. Abdulganiyu, O.G. Erhabor, Comparative analysis of vitamin C
in fresh fruits juice of Malus domestica, Citrus sinensis, Ananas comosus and
Citrullus lanatus by iodometric titration, Int. J. Sci. Environ. Technol. (4) (2015)
17-22.

M. Guizani, S. Maatallah, S. Dabbou, G. Montevecchi, A. Antonelli, M. Serrano,
H. Hajlaoui, S. Kilani-Jaziri, Ethylene production and antioxidant potential of five
peach cultivars during maturation, J. Food Sci. 88 (2023) 4544-4559. https://do
i.org/10.1111/1750-3841.16774.

M.M.F. Kader, B. Rovel, Role of invertase in sugar content in highbush blueberries
(Vaccinium corymbosum, L.), LWT - Food Sci. Technol. 26 (1993) 593-595.
https://doi.org/10.1006/fst1.1993.1114.

M. Dubois, K.A. Gilles, J.K. Hamilton, P.A. Rebers, F. Smith, Colorimetric method
for determination of sugars and related substances, Anal. Chem. 28 (1956)
350-356. https://doi.org/10.1021/ac60111a017.

G. Montedoro, M. Servili, M. Baldioli, E. Miniati, I. Agrarie, V.S. Costanzo, Simple
and hydrolyzable phenolic compounds in virgin olive oil. Their extraction,
separation, and quantitative and semiquantitative evaluation by HPLC, J. Agric.
Food Chem. 40 (1992) 1571-1576. https://doi.org/10.1021/jf00021a019.

J. Zhishen, T. Mengcheng, W. Jianming, The determination of flavonoid contents
in mulberry and their scavenging effects on superoxide radicals, Food Chem 64
(1999) 555-559. https://doi.org/10.1016/S0308-8146(98)00102-2.

A. Romani, P. Mancini, S. Tatti, F.F. Vincieri, Polyphenols and polysaccharides in
Tuscan grapes and wines, J. Food Sci. 8 (1996) 13-24.

S.W. Chung, D.J. Yu, H.J. Lee, Changes in anthocyanidin and anthocyanin
pigments in highbush blueberry (Vaccinium corymbosum cv. Bluecrop) fruits
during ripening, Hortic, Environ. Biotechnol. 57 (2016) 424-430. https://doi.
org/10.1007/s13580-016-0107-8.

M Giusti, R. Wrolstad, Characterization and measurement of anthocyanins with
UV - visible spectroscopy, Wrolstad, R.E, Curr. Protoc. Food Anal. Chem. (2001)
10-21. https://doi.org/10.1002/0471142913.faf0102s00.

Z. Luo, C. Chen, J. Xie, Effect of salicylic acid treatment on alleviating postharvest
chilling injury of “Qingnai” plum fruit, Postharvest Biol. Technol. 62 (2011)
115-120. https://doi.org/10.1016/j.postharvbio.2011.05.012.

Z. Zhang, D.J. Huber, J. Rao, Antioxidant systems of ripening avocado (Persea
americana Mill.) fruit following treatment at the preclimacteric stage with
aqueous 1-methylcyclopropene, Postharvest Biol. Technol. 76 (2013) 58-64. htt
ps://doi.org/10.1016/j.postharvbio.2012.09.003.

R.L. Heath, L. Packer, Photoperoxidation in isolated chloroplasts, Arch. Biochem.
Biophys. 125 (1968) 189-198. https://doi.org/10.1016/0003-9861(68)90654-1.
S. Junglee, L. Urban, H. Sallanon, F. Lopez-Lauri, Optimized assay for hydrogen
peroxide determination in plant tissue using potassium iodide, Am. J. Anal.
Chem. 5 (2014) 730-736, https://doi.org/10.4236/ajac.2014.511081.

P.D. Coley, T.A. Kursor, Anti-herbivore defenses of young tropical leaves:
physiological constraints and ecological trade-offs, in: S.S. Mulkey, R.L. Chazdon,
A.P. Smith (Eds.), Tropical Forest Plant Ecophysiology, Springer, Boston, 1996,
pp. 305-336. https://doi.org/10.1007/978-1-4613-1163-8 11.

M. Guizani, S. Dabbou, S. Maatallah, G. Montevecchi, H. Hajlaoui, M. Rezig, A.
N. Helal, S. Kilani-Jaziri, Physiological responses and fruit quality of four peach
cultivars under sustained and cyclic deficit irrigation in center-west of Tunisia,
Agric. Water Manag. 217 (2019) 81-97. https://doi.org/10.1016/j.agwat.2019.0
2.021.

Z.Mardinata, T. Edy Sabli, S. Ulpah, Biochemical responses and leaf gas exchange
of fig (Ficus carica L.) to water stress, short-term elevated CO3 levels and
brassinolide application, Horticulturae 7 (2021) 73. https://doi.org/10.3390/hor
ticulturae7040073.

14

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

Journal of Agriculture and Food Research 17 (2024) 101253

A. Ammar, 1. Ben Aissa, M. Mars, M. Gouiaa, Seasonal variation of fig tree (Ficus
carica L.) physiological characteristics reveals its adaptation performance, South
Afr. J. Bot. 132 (2020) 30-37. https://doi.org/10.1016/j.sajb.2020.04.020.
E.K.H.Z. Can, S. Hepaksoy, U. Aksoy, Leaf characteristics and net gas-exchange of
fig cultigens-adapted to different climatic-zones, Acta Hortic 516 (2000)
131-138. https://doi.org/10.17660/ActaHortic.2000.516.15.

E. Campostrini, O.K. Yamanishi, C.A. Martinez, Leaf gas exchange characteristics
of four papaya genotypes during different stages of development, Rev. Bras.
Frutic. 23 (2001) 522-525. https://doi.org/10.1590/s0100-2945200100030001
4.

A M. Gonzalez-Rodriguez, J. Peters, Strategies of leaf expansion in Ficus carica
under semiarid conditions, Plant Biol 12 (2010) 469-474. https://doi.org/10.
1111/j.1438-8677.2009.00220.x.

R.A. Kennedy, D. Johnson, Changes in photosynthetic characteristics during leaf
development in apple, Photosynth, Res 2 (1981) 213-223. https://doi.org
/10.1007/BF00032360.

H.W. Polley, Implications of atmospheric and climatic change for crop yield and
water use efficiency, Crop Sci 42 (2002) 131-140. https://doi.org/10.21
35/cropsci2002.1310.

A.J. Burgess, M.E. Correa Cano, B. Parkes, The deployment of intercropping and
agroforestry as adaptation to climate change, Crop, Environ 1 (2022) 145-160.
https://doi.org/10.1016/j.crope.2022.05.001.

A.A. Polat, M. Ozkaya, Selection studies on fig in the Mediterranean region of
Turkey, Pak. J. Bot. 37 (2005) 567-574. https://www.pakbs.org/pjbot/PDFs/37
(3)/PJB37(3)567.pdf.

S. Gozlekei, Pomological traits of fig (Ficus carica L.) genotypes collected in the
West Mediterranean region in Turkey, J. Anim. Plant Sci. 21 (2011) 646-652.
https://doi.org/10.5072/ZENODO.31430.

A. Fateh, F. Ali, Assessment of genetic diversity among some southern Tunisian
fig (Ficus carica L.) cultivars based on morphological descriptors, Jordan J. Agric.
Sci. 5 (2009) 1-16. https://archives.ju.edu.jo/index.php/jjas/article/view
/923/6082.

M. Trad, B. Gaaliche, C.M.G.C. Renard, M. Mars, Inter- and intra-tree variability
in quality of figs. Influence of altitude, leaf area and fruit position in the canopy,
Sci. Hortic. 162 (2013) 49-54. https://doi.org/10.1016/j.scienta.2013.07.032.
C. Pereira, M.J. Serradilla, A. Martin, M. del C. Villalobos, F. Pérez-Gragera,

M. Lopez-Corrales, Agronomic behaviour and quality of six fig cultivars for fresh
consumption, Sci. Hortic. 185 (2015) 121-128. https://doi.org/10.1016/j.
scienta.2015.01.026.

A. Solomon, S. Golubowicz, Z. Yablowicz, S. Grossman, M. Bergman, H.

E. Gottlieb, A. Altman, Z. Kerem, M.A. Flaishman, Antioxidant activities and
anthocyanin content of fresh fruits of common fig (Ficus carica L.), J. Agric. Food
Chem. 54 (2006) 7717-7723. https://doi.org/10.1021/jf060497h.

P. Melgarejo, J.J. Martinez, F. Hernandez, D.M. Salazar, R. Martinez, Preliminary
results on fig soil-less culture, Sci. Hortic. 111 (2007) 255-259. https://doi.org/
10.1016/j.scienta.2006.10.032.

I. Chessa, G. Nieddu, M. Schirra, Growth and ripening of main-crop fig, Adv.
Hortic. Sci. 6 (1992) 112-115. https://www.torrossa.
com/en/resources/an/2208863#.

C. Pereira, M. Lopez-Corrales, M.J. Serradilla, M. del C. Villalobos, S. Ruiz-
Moyano, A. Martin, Influence of ripening stage on bioactive compounds and
antioxidant activity in nine fig (Ficus carica L.) varieties grown in Extremadura,
Spain, J. Food Compos. Anal. 64 (2017) 203-212. https://doi.org/10.1016/j.
jfca.2017.09.006.

L. Contador, P. Shinya, R. Infante, Texture phenotyping in fresh fleshy fruit, Sci.
Hortic. 193 (2015) 40-46. https://doi.org/10.1016/j.scienta.2015.06.025.

C. Pereira, A. Martin, M. Lopez-Corrales, M. de Guia Cérdoba, A.I. Galvan, M.
J. Serradilla, Evaluation of the physicochemical and sensory characteristics of
different fig cultivars for the fresh fruit market, Foods 9 (2020) 619. https://doi.
org/10.3390/foods9050619.

O. Caliskan, A.A. Polat, Fruit characteristics of fig cultivars and genotypes grown
in Turkey, Sci. Hortic. 115 (2008) 360-367. https://doi.org/10.1016/j.scienta.
2007.10.017.

M. Trad, C. Ginies, B. Gaaliche, C.M.G.C. Renard, M. Mars, Does pollination affect
aroma development in ripened fig [Ficus carica L.], fruit?, Sci. Hortic. 134 (2012)
93-99. https://doi.org/10.1016/j.scienta.2011.11.004.

K. Lama, L.J. Chai, R. Peer, H. Ma, Y. Yeselson, A.A. Schaffer, M.A. Flaishman,
Extreme sugar accumulation in late fig ripening is accompanied by global changes
in sugar metabolism and transporter gene expression, Physiol. Plantarum 174
(2022) 1-14. https://doi.org/10.1111/ppl.13648.

S.D.C.M. Papoff, G. Battacone, M. Agabbio, G.A. Farris, A. Vodret, G. Milella,
C. Sotgiu, F.E. Sanna, A. Piga, The influence of industrial dehydration on quality
of fig fruits, Acta Hortic 480 (1998) 233-238. https://doi.org/10.17660/Act
aHortic.1998.480.40.

S. Kamiloglu, E. Capanoglu, Polyphenol content in figs (Ficus carica L.): effect of
sun-drying, Int. J. Food Prop. 18 (2015) 521-535. https://doi.org/10.1080/10
942912.2013.833522.

A. Debib, A. Tir-Touil, R.A. Mothana, B. Meddah, P. Sonnet, Phenolic content,
antioxidant and antimicrobial activities of two fruit varieties of Algerian Ficus
carica L, J. Food Biochem. 38 (2014) 207-215. https://doi.org/10.1111/j
fbc.12039.

F.M. Kiralan, M. Ketenoglu, O. Kiralan, S.S. Yilmaz, Composition and functional
properties of fig (Ficus carica) phenolics, in: M.F. Ramadan (Ed.), Fig (Ficus
carica): Production, Processing, and Properties, Springer, Cham, 2023,

pp. 369-394. https://doi.org/10.1007/978-3-031-16493-4_17.


https://doi.org/10.1016/S0176-1617(00)80048-6
https://doi.org/10.3390/ijms21228695
https://doi.org/10.3390/ijms21228695
https://www.fao.org/3/bp882f/bp882f.pdf
https://doi.org/10.3390/foods10123138
https://doi.org/10.3390/foods10123138
https://doi.org/10.1016/j.scienta.2023.112069
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref52
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref53
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref53
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref53
https://doi.org/10.1016/j.plaphy.2015.12.015
https://doi.org/10.1016/j.foodres.2011.10.019
https://doi.org/10.1016/j.foodres.2011.10.019
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref56
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref56
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref56
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref56
https://doi.org/10.1111/1750-3841.16774
https://doi.org/10.1111/1750-3841.16774
https://doi.org/10.1006/fstl.1993.1114
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1021/jf00021a019
https://doi.org/10.1016/S0308-8146(98)00102-2
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref62
http://refhub.elsevier.com/S2666-1543(24)00290-4/sref62
https://doi.org/10.1007/s13580-016-0107-8
https://doi.org/10.1007/s13580-016-0107-8
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1016/j.postharvbio.2011.05.012
https://doi.org/10.1016/j.postharvbio.2012.09.003
https://doi.org/10.1016/j.postharvbio.2012.09.003
https://doi.org/10.1016/0003-9861(68)90654-1
https://doi.org/10.4236/ajac.2014.511081
https://doi.org/10.1007/978-1-4613-1163-8_11
https://doi.org/10.1016/j.agwat.2019.02.021
https://doi.org/10.1016/j.agwat.2019.02.021
https://doi.org/10.3390/horticulturae7040073
https://doi.org/10.3390/horticulturae7040073
https://doi.org/10.1016/j.sajb.2020.04.020
https://doi.org/10.17660/ActaHortic.2000.516.15
https://doi.org/10.1590/s0100-29452001000300014
https://doi.org/10.1590/s0100-29452001000300014
https://doi.org/10.1111/j.1438-8677.2009.00220.x
https://doi.org/10.1111/j.1438-8677.2009.00220.x
https://doi.org/10.1007/BF00032360
https://doi.org/10.1007/BF00032360
https://doi.org/10.2135/cropsci2002.1310
https://doi.org/10.2135/cropsci2002.1310
https://doi.org/10.1016/j.crope.2022.05.001
https://www.pakbs.org/pjbot/PDFs/37(3)/PJB37(3)567.pdf
https://www.pakbs.org/pjbot/PDFs/37(3)/PJB37(3)567.pdf
https://doi.org/10.5072/ZENODO.31430
https://archives.ju.edu.jo/index.php/jjas/article/view/923/6082
https://archives.ju.edu.jo/index.php/jjas/article/view/923/6082
https://doi.org/10.1016/j.scienta.2013.07.032
https://doi.org/10.1016/j.scienta.2015.01.026
https://doi.org/10.1016/j.scienta.2015.01.026
https://doi.org/10.1021/jf060497h
https://doi.org/10.1016/j.scienta.2006.10.032
https://doi.org/10.1016/j.scienta.2006.10.032
https://www.torrossa.com/en/resources/an/2208863#
https://www.torrossa.com/en/resources/an/2208863#
https://doi.org/10.1016/j.jfca.2017.09.006
https://doi.org/10.1016/j.jfca.2017.09.006
https://doi.org/10.1016/j.scienta.2015.06.025
https://doi.org/10.3390/foods9050619
https://doi.org/10.3390/foods9050619
https://doi.org/10.1016/j.scienta.2007.10.017
https://doi.org/10.1016/j.scienta.2007.10.017
https://doi.org/10.1016/j.scienta.2011.11.004
https://doi.org/10.1111/ppl.13648
https://doi.org/10.17660/ActaHortic.1998.480.40
https://doi.org/10.17660/ActaHortic.1998.480.40
https://doi.org/10.1080/10942912.2013.833522
https://doi.org/10.1080/10942912.2013.833522
https://doi.org/10.1111/jfbc.12039
https://doi.org/10.1111/jfbc.12039
https://doi.org/10.1007/978-3-031-16493-4_17

S. Maatallah et al.

[97]

[98]

[99]

[100]

[101]

[102]

F. Vallejo, J.G. Marin, F.A. Tomas-Barberan, Phenolic compound content of fresh
and dried figs (Ficus carica L.), Food Chem 130 (2012) 485-492. https://doi.
org/10.1016/j.foodchem.2011.07.032.

A. Wojdyto, P. Nowicka, A.A. Carbonell-Barrachina, F. Hernandez, Phenolic
compounds, antioxidant and antidiabetic activity of different cultivars of Ficus
carica L. fruits, J. Funct. Foods 25 (2016) 421-432. https://doi.org/10.1016/j.jff.
2016.06.015.

S. Ammar, M. Del Mar Contreras, O. Belguith-Hadrich, A. Segura-Carretero,

M. Bouaziz, Assessment of the distribution of phenolic compounds and
contribution to the antioxidant activity in Tunisian fig leaves, fruits, skins and
pulps using mass spectrometry-based analysis, Food Funct 6 (2015) 3663-3677.
https://doi.org/10.1039/c5f000837a.

M. Duenas, J.J. Pérez-Alonso, C. Santos-Buelga, T. Escribano-Bail6n, Anthocyanin
composition in fig (Ficus carica L.), J. Food Compos. Anal. 21 (2008) 107-115. htt
ps://doi.org/10.1016/j.jfca.2007.09.002.

M. Ayuso, M. Carpena, O. Taofig, T.G. Albuquerque, J. Simal-Gandara, M.B.P.
P. Oliveira, M.A. Prieto, I.C.F.R. Ferreira, L. Barros, Fig “Ficus carica L.” and its by-
products: a decade evidence of their health-promoting benefits towards the
development of novel food formulations, Trends Food Sci. Technol. 127 (2022)
1-13. https://doi.org/10.1016/j.tifs.2022.06.010.

M. Khadhraoui, M. Bagues, F. Artés, A. Ferchichi, Phytochemical content,
antioxidant potential, and fatty acid composition of dried Tunisian fig (Ficus
carica L.) cultivars, J. Appl. Bot. Food Qual. 92 (2019) 143-150. https://doi.org/1
0.5073/JABFQ.2019.092.020.

15

[103]

[104]

[105]

[106]

[107]

[108]

Journal of Agriculture and Food Research 17 (2024) 101253

R. Veberic, M. Colaric, F. Stampar, Phenolic acids and flavonoids of fig fruit (Ficus
carica L.) in the northern Mediterranean region, Food Chem. 106 (2008) 153-157.
https://doi.org/10.1016/j.foodchem.2007.05.061.

G. Karabulut, O. Yemis, Bound forms of phenolic compounds and their
bioavailability, Akad. Gida. 17 (2019) 526-537. https://doi.org/10.24323/aka
demik-gida.667270.

M. Guizani, S. Dabbou, S. Maatallah, G. Montevecchi, A. Antonelli, M. Serrano,
H. Hajlaoui, M. Rezig, S. Kilani-Jaziri, Evaluation of two water deficit models on
phenolic profiles and antioxidant activities of different peach fruits parts, Chem.
Biodivers. 19 (2022). https://doi.org/10.1002/cbdv.202100851.

P. Zhang, X. Shao, Y. Wei, F. Xu, H. Wang, At-harvest fruit maturity affects
sucrose metabolism during cold storage and is related to chilling injury in peach,
J. Food Sci. Technol. 57 (2020) 2000-2009. https://doi.org/10.1007/s13197-01
9-04232-4.

S. Ali, M.A. Anjum, A. Nawaz, S. Naz, S. Ejaz, H. Sardar, B. Saddiq, Tragacanth
gum coating modulates oxidative stress and maintains quality of harvested
apricot fruits, Int. J. Biol. Macromol. 163 (2020) 2439-2447. https://doi.org/10
.1016/j.ijbiomac.2020.09.179.

M. Kong, B. Lampinen, K. Shackel, C.H. Crisosto, Fruit skin side cracking and
ostiole-end splitting shorten postharvest life in fresh figs (Ficus carica L.), but are
reduced by deficit irrigation, Postharvest Biol. Technol. 85 (2013) 154-161. htt
ps://doi.org/10.1016/j.postharvbio.2013.06.004.


https://doi.org/10.1016/j.foodchem.2011.07.032
https://doi.org/10.1016/j.foodchem.2011.07.032
https://doi.org/10.1016/j.jff.2016.06.015
https://doi.org/10.1016/j.jff.2016.06.015
https://doi.org/10.1039/c5fo00837a
https://doi.org/10.1016/j.jfca.2007.09.002
https://doi.org/10.1016/j.jfca.2007.09.002
https://doi.org/10.1016/j.tifs.2022.06.010
https://doi.org/10.5073/JABFQ.2019.092.020
https://doi.org/10.5073/JABFQ.2019.092.020
https://doi.org/10.1016/j.foodchem.2007.05.061
https://doi.org/10.24323/akademik-gida.667270
https://doi.org/10.24323/akademik-gida.667270
https://doi.org/10.1002/cbdv.202100851
https://doi.org/10.1007/s13197-019-04232-4
https://doi.org/10.1007/s13197-019-04232-4
https://doi.org/10.1016/j.ijbiomac.2020.09.179
https://doi.org/10.1016/j.ijbiomac.2020.09.179
https://doi.org/10.1016/j.postharvbio.2013.06.004
https://doi.org/10.1016/j.postharvbio.2013.06.004

	Physiological traits, fruit morphology and biochemical performance of six old fig genotypes grown in warm climates “Gafsa o ...
	1 Introduction
	2 Material and methods
	2.1 Description of the studied site
	2.2 Soil characteristics and climate data
	2.3 Plant material
	2.4 Chlorophyll content and foliar gas exchange parameters
	2.5 Morphological, pomological, and ethylene production of fig fruits
	2.6 Dosage of total sugars
	2.7 Determination of phenolic compounds and anthocyanins
	2.8 Evaluation of enzyme activity and oxidative stress indicators
	2.8.1 Peroxidase (POD) activity assay (EC 1.11.1.7)
	2.8.2 Ascorbate peroxidase (APX) activity assay (EC 1.11.1.11)
	2.8.3 Catalase (CAT) activity assay (EC 1.11.1.6)
	2.8.4 Malondialdehyde (MDA) dosage
	2.8.5 Determination of hydrogen peroxide content

	2.9 Statistical analysis

	3 Results
	3.1 Chlorophyll content and gas exchange parameters
	3.2 Morphological characterization
	3.3 Color analysis
	3.4 Ethylene production and pomological parameters
	3.5 Total sugars
	3.6 Phenolic composition and anthocyanin content
	3.7 Enzymatic antioxidant activities and indicators of oxidative stress
	3.8 Principal component analysis (PCA)

	4 Discussion
	5 Conclusion
	Funding
	Institutional Review Board statement
	Informed consent statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	References


