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ABSTRACT KEYWORDS
In the present study, morphological traits, organic acids, sugars, Ficus carica L.;
total phenols, total flavonoids, total anthocyanins, total anthocya- morphological assessment;

nidins, antioxidant activity and color parameters such as  antioxidant activity; sugars;
lightness (L*), Chroma (c*) and hue angle (h°) were investigated ~ ©rganic acids
in 11 local and introduced fig cultivars cultivated in Moroccan
climate. Since only limited information on that topic is available
in the literature, this study was performed in order to compare
local clones with some of introduced varieties based on their
morphological and biochemical attributes. Results showed highly
significant differences among genotypes. The cultivar ‘Kadota’ had
the most promising morphological traits. Reducing sugars levels
were slightly similar among all cultivars. Thus, glucose varied from
5.55+0.27 t0 29.94 + 0.81 g.kg™' dw, while fructose amounts were
in the range of 6.23 + 0.28-28.15 + 0.78 gkg™' dw. ‘Palmera’
exhibited the highest level of Malic acid (4.99 + 0.2 gkg™). The
latter was predominant in all cultivars. Total phenols, flavonoids
and total anthocyanins were, generally, abundant in dark-colored
cultivars, while total proanthocyanidins were dominant in light-
colored ones. The local cultivars ‘Fassi’ and ‘Noukali’ contained the
highest amounts of total phenols and total anthocyanins, respec-
tively (524.74 +35.9 mg GAE 100 g~' dw and 23.77 + 6.41 cyanidin-
3-rutinoside/100 g dw). Free radical scavenging activity (DPPH and
ABTS) was, generally, higher in light-colored figs, while, ferric
reducing ability (FRAP) was generally higher in dark skin-colored
cultivars. The study confirmed the effectiveness of combining
morphological and biochemical analyses in fig assessment and
its use pre-breeding programs of the species in Morocco.

Introduction

The fig (Ficus carica L.) is one of the oldest known fruit tree species (Flaishman
et al., 2008). It is whispered to be the first domesticated tree of the Neolithic
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Revolution, about a thousand years before the cereals (Hirst, 1996). Fig tree
belongs to Moraceae family, which comprises more than 800 species of trees,
making the Ficus genus one of the most populous in number of species of all
plant genera (Pourghayoumi et al., 2017; Veberic and Mikulic-Petkovsek, 2016).

Figs are an important crop worldwide due to its increasing international
trade, as consumers seek continuously fresh quality products of less familiar
fruits and one of the most abundant fruits in the Mediterranean diet for dry
and fresh consumption (Viuda-Martos et al., 2015; Wojdyto et al., 2016).

The Mediterranean is an important center of fig growth from time imme-
morial (Aljane and Ferchichi, 2009). It’s also the main world’s fig production
with Turkey as a leader in the world with 269, 064 tons accounting for 26.8% of
total world production. The top five producers (in addition to Turkey) include
Egypt (201 709 t), Morocco (85 172 t), Algeria (81 768 t) and Iran (71 848 t)
combined, supplying almost 70% of the world’s fig market (FAOSTAT, average
production between 1994-2017).

Due to its nutritional value and health benefit, the fig importance is likely
to continue worldwide (Viuda-Martos et al., 2015). It constitutes a major
natural source of bioactive compounds in the health-promoting
Mediterranean diet for millennia, since they are among various agroecosys-
tems. They are an excellent source of bioactive compounds that have
attracted substantial interest in the last three decades. The fig potential
health-promoting properties are related essentially to its high contents in
sugar, trace minerals, fibers, vitamins and antioxidant capacity provided
mainly by phenolic compounds (Gordon, 1996; Halliwell, 1996; Feskanich
et al., 2000; Haegele et al., 2000; Michels et al., 2000; Eberhardt et al., 2000;
Sagar and Kumar, 2010; Duman et al., 2018). Actually, figs contain higher
amounts of phenolics than red wine and tea, which are two well-publicized
sources of phenolic compounds (Vinson et al., 1998).

Northern Morocco, identified in historical sources as a fig cultivation area, is
still today one of the most important fig cultivation regions (Hssaini et al., 2019),
which contains a large number of typical local varieties. In this area, figs are
manually harvested at the firm-mature stage, generally, in the period from July
to October. Some of the most common cultivars cultured in Morocco are
‘Nabout’, ‘Ghoudan’, ‘El-Quoti Lbied’, ‘Fassi’ and ‘Noukali’. These latter were
basically assessed using morphological and molecular markers. However, and to
the best of our knowledge, there is no studies yet that included physiobiochem-
ical marker in the assessment of these varieties. Furthermore, there are very few
studies in the literature that compare Moroccan clones to international varieties
from different geographical localities by combining morphological and physio-
biochemical traits.

Hence, this study is a comparative analysis of morphological and primary
and secondary compounds in five local clones and six introduced varieties of
tig fruit (Ficus carica L.). This work is designed to compare local clones with
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some of introduced varieties based on their morphological and biochemical
attributes that can provide additional information that may be of great
importance in fig selection and program breeding.

Materials and Methods
Plant Material

For this study were chosen five local and six introduced cultivars belonging to an
ex-situ collection of fig trees (Table 1). The genotypes were planted in complete
randomized block in the experimental station relevant to the national institute
for agricultural research of Meknes (INRA) in the north of Morocco (x = 511600;
y = 370250; z = 480 m). Fruits were randomly harvested during their maturity
period of August-September (Table 1). Figs were considered fully ripened when
the receptacle had three-fourths reddish-purple coloration and when they were
easily separated from the twig. They were picked randomly at different positions
around the canopy and at height of 160 cm.

The whole fruits were cut and frozen at —80°c until lyophilization.
Triplicate lots of fig fruits from each genotype were grounded to a powder
using an IKA A1l Basic Grinder (St. Louis, MO) at room temperature.

Morphological Assessment

Fig plant samples were assessed using 11 quantitative descriptors established
by International Plant Genetic Resources Institute (IPGRI) (International
Plant Genetic Resources Institute (IPGRI), 2003). The measurements con-
cerned the geometrical traits of fruit, stalk, neck and ostiole and the peel
thickness using a digital caliper (Digital Caliper 68,202, ML Tools and
Equipment, Burlingame, CA). Fifteen replications per sample were consid-
ered. Skin color measurements were obtained from two spots located on
opposite sides of the equatorial region of the fruit using an NH310 colori-
meter (Shenzhen 3NH Technology, China). The mean of the two

Table 1. Cultivars names and their geographical origins.

Cultivars Geographical Origin
Local El quoti Lbied Morocco
Nabout Morocco
Fassi Morocco
Noukali Morocco
Ghoudan Morocco
Introduced Snowden USA
White Adriatic Italy
Kadota Italy
Palmeras Spain
Cuello Dama Blanca Spain

Breval Blanca Spain
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measurements was considered as one replicate. Chromatic analysis was
carried out following the CIE (Commission International de I'Eclairage)
system of 1976. Fifteen replications per sample were considered.

Profile of Sugars and Organic Acids

Procedure Extraction

The samples (0.5 g) were extracted with 5 mL of Milli-Q water by incubation
for 30 min under ultra-sonication. Next, the slurry was centrifuged at 15,000
g for 20 min (Sigma 3-18 K; Sigma, Osterode am Harz, Germany), and the
supernatant was filtered through a 0.45 um Millipore filter and used for
analysis. All extractions were carried out in triplicate.

Identification of Sugars and Organic Acids

The chromatographic analysis was carried out according to Hernandez et al.
(2016). Thus, 10 pL of extract were injected into a Hewlett-Packard HPLC
Series 1100 (Wilmington DE, USA) with an autosampler and an UV detector,
set at 210 nm and coupled with a refractive index detector (HP 1100,
G1362A). A column (Supelcogel TM C-610H column 30 cm x 7.8 mm)
and a pre-column (Supelguard 5 cm x 4.6 mm; Supelco, Bellefonte, PA)
were used for the analyses of both organic acids and sugars. The elution
buffer consisted of 0.1% phosphoric (V/V) at a flow rate of 0.5 mL min~’,
and organic acid absorbance was measured at 210 nm using a diode-array
detector (DAD). The same HPLC conditions (elution buffer, flow rate, and
column) were used for the analysis of sugars. The detection was conducted
using a refractive index detector (RID). Standards of organic acids and sugars
were obtained from Sigma (St. Louis, MO). Calibration curves were used for
the quantification of organic acids and sugars showing good linearity
(r2 > 0.999). The results were expressed as g kg~ of dry weight (dw).

Antioxidant Activity

The antioxidant activity (AA) has been evaluated using methanolic extracts
of sample [MeOH/water; 80/20%; v:v; HCI (1% V/V)] with different assays
divided into two basic groups depending on the methodology: (i) the free
radical scavenging activity was tested by using two assays: DPPH (radical
2,2-diphenyl-1-picrylhydrazyl) (Brand-Williams et al, 1995) and ABTS
(Re et al., 1999) and (ii) the ferric reducing ability (FRAP assay) (Re et al.,
1999). The AA was expressed as mmol Trolox equivalent/g of dry weight
(mmol TE/g dw). The mixtures absorbance was measured, respectively,
at 515, 734 and 593 nm using a spectrophotometer (ThermoSpectronic
Heyios y, England).
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Total Polyphenols Analysis

Total polyphenols content (TPC) was determined using Folin-Ciocalteu reagent
(Singleton et al., 1999). Absorption was measured using a spectrophotometer
(ThermoSpectronic Heyios y, England). TPC was expressed as mg of gallic acid
equivalents (GAE) per 100 g of dry weight (dw).

Total Flavonoid Analysis

Total flavonoid content was measured using the colorimetric method with
aluminum chloride (Barreira et al., 2008). The absorbance was read at 510
nm and results were expressed as (+)-catechin equivalent (CE) per 100 g dw.

Total Anthocyanins Analysis

Total anthocyanin content (TAC) was measured with the pH differential
absorbance method as described by Cheng and Breen (1991). Briefly,
absorbance of the extract was measured at 520 and 700 nm in buffers at
pH 1.0 (hydrochloric acid-potassium chloride, 0.2 M) and pH 4.5 (acetic
acid-sodium acetate, 1 M). Results were calculated according to the
equation mentioned next and converted to milligrams of cyanidin 3-ruti-
noside equivalent per 100 g of dry weight.

A x MW « FD * 100
€
where A is the is absorbance reading calculated as follow: A = (A520-A700)pH
1.0 — (A520-A700)pH 4.5, MW is the molecular weight of cyanidin 3-rutino-

side = 595.5 g/mol and ¢ is the extinction coefficient of cyanidin 3-rutinoside
(28840 L.mol™! .cm™)

TAC =

Total Proanthocyanidins Content

Total proanthocyanidin content was determined based on acid hydrolysis and
color formation (Porter et al., 1985). The mixture absorbance was measured at
540 nm. Results expressed in mg cyaniding equivalent per 100 g using to the
following equation:

TPAC = (AxMW xDF)/(ex])

where A: absorbance of the extract, MW: molar weight of cyanidin (287 g/mol),
DF: dilution factor, €: molar extinction coefficient of cyanidin (34700 L/(mol-cm)),
and | - pathlength (cm).
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Statistical Analysis

Since we used different measure, data were standardized (p=0and a o =1) so
they can have a comparable scale. Data analysis was performed using SPSS v22.
Analysis of variance was performed to test significant differences among the
samples collected. The differences in the content levels of the analyzed primary
and secondary metabolites were estimated with Duncan new multiple range
(DMRT) test. Canonical correlation was performed to assess the correlation
between morphological and biochemical data. Principal component analysis
was carried out using correlation matrix to better understand the patterns of
variability among the accessions.

Result and Discussion
Ripening Period

The ripening process in fig is, generally, rapid, lasting several days (Table 2). In
this study, figs were, generally, harvested during August to early September, with
significant differences in their ripening periods. Compared to local clones, the
introduced varieties had a long harvest time and ripened early. The varieties
‘Snowden’ and ‘Cuello Dama Blanca’ ripened from the first day of August until
the last week of the month. Similarly, ripening process of the other introduced
varieties ends by the beginning of August; however, it starts 5 days late. Local
clones had a very short harvesting period. They reach their ripening stage during
the second decade to the last week of August. Only the local cultivar ‘Ghoudan’
lasts to the first week of September. During the harvest time, the average air
temperature was about 27°C with important rainfall (26.4 mm) during the last
decade of August. Intense solar radiation was observed during the second decade
of August and the first decade of September (Table 2).

Table 2. Harvest time and monthly meteorological data from August to early September 2017 in
Northern Morocco, Meknes (Ain-Taoujdate experimental station-INRA).
August September
Cultivars [1-5] [6-10] [11-15] [16-20] ([21-25] [26-30] [31-4] [5-9]
Local El quoti Lbied
Nabout
Fassi
Noukali
Ghoudan
Introduced Snowden
White Adriatic
Kadota
Palmeras
Cuello Dama Blanca
Breval Blanca
Total rainfall (mm) 0 0 0 0 264 0 0
Average temperature (°c) 2584 285 2756 2924 2944 2364 256 @ 2542
Average solar radiation (W/m?)  169.29 20874 243.83 23828 18535 1235 27021 271.38

Climatic data came from meteorological station installed next to the orchard.
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Morphological Traits

All variations in the fruit geometrical characteristics were significant at p < .001
level (Table 3). The variety ‘Kadota’ had the heaviest fruit (61.53 + 10.4 g)
followed by ‘Breval Blanca’ and ‘Snowden’ which the average weights were,
respectively, 46.44 + 10.7 and 44.03 + 10.9 g. The latter recorded the highest
height and width that were, respectively, in the range of 42.94-25.87 mm and
50.85-31.54 mm. Besides other criteria, the weight is the most important fruit
dimension, and fruit prices depend particularly on this (Pérez-Sdnchez et al,,
2016). ‘Fassi’ had the highest fig stalk (10.58 + 3.5 mm) while ‘kadota’ had the
highest stalk width (6.59 + 1.1 mm). The fruit neck was long in the cultivars
‘Kadota’ (9.17 + 3.1 mm) and ‘Palmeras’ (7.28 + 0.1 mm) and short in ‘Fassi’
(2.29 + 3.4 mm) whereas it was absent in others such as ‘Ghoudan’, ‘Nabout’
and ‘Palmeras’. The fruit geometrical traits are important in the fig fresh
consumption. Hence, small fruits are, generally, used for canning, whereas
big ones are consumed as fresh. Moreover, the fruit reflect the proper main-
tenance of the tree (Tamboli et al., 2015). The ostiole was, generally large in
heavy fruits such as ‘Kadota’ and ‘Palmeras’ (7.69 + 1.2 and 5.81 + 1.2 mm,
respectively). During maturity period, the ostiole provides entry for fungal
decay and moisture loss. It also provides an entryway for insects that vector
diseases such as endosepsis that spread to healthy fruits (Michailides and
Morgan, 1998; Crisosto et al, 2011). ‘Breval Blanca’ and ‘Nabout’ had the
thick-skinned fruit which the average values were, respectively, 8.35 + 1.5 and
5.91 + 1 mm. Overall, the inventory of plant material based on morphological
traits is important for managing genetic resources, maintaining the existing
genetic variability, and establishing a germplasm collection (Podgornik et al.,
2010). Authors stress the relevance of morphological assessment in the selec-
tion and breeding programs of cultivars, and claim such analysis should be
performed before biochemical or molecular studies are carried out (Djordjevi¢
et al., 2014; Khadivi et al., 2018; Khadivi-Khub et al., 2012; Podgornik et al,,
2010).

Skin Color

The fig skin color showed a high significant variability among cultivars
(Figure 1). The cultivars ‘Palmeras’, ‘Breval Blanca’ and ‘Nabout’ had the
lightest colored figs which the chromatic coordinates L* and c* were higher
than other cultivars. The hue angle (h°) was generally lower than 4° in the
dark-colored cultivars ‘Ghoudan’, ‘Noukali’ and ‘snowden’, while it was in
the range 95.72 + 9-115.7 ° £15.4 for the light-colored cultivars. The fig skin
color is the most visual parameter that growers and consumers use to test the
quality and optimum stage of maturity in fresh figs (Pérez-Sanchez et al,,
2016). In fact, the variation in fig skin color is dependent on the antioxidant
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Figure 1. Box and whisker plot of fig skin chromatic coordinates of studied cultivars (L*: lightness; c*:
Chroma; h°: Hue angle). Breval B: ‘Breval Blanca’; CDB: ‘Cuello Dama Blanca’; EQL PS20: ‘El Quoti Lbied
PS20'; White A: ‘White Adriatic’.

compounds and their amounts, particularly anthocyanins which were found
to be the predominant pigments in figs (Ku$ et al., 2014). Therefore, skin
color evaluation using these coordinates is of great importance in fig quality
assessment. Several studies highlighted the importance of these descriptors
by exploring potential correlations between color coordinates and antioxi-
dant compounds (Rodov et al., 2012; Sedaghat and Rahemi, 2018; Viuda-
Martos et al., 2015).

Sugar Content

Individual sugars amount in the whole figs are shown in Figure 2. Glucose
and fructose levels in all cultivars were important and very close, while, only
minor concentrations of sucrose were detected. The glucose varied between
555 + 0.27 gkg 'dw (‘Ghoudan’) and 29.94 + 0.81 gkg 'dw (‘Breval
Blanca’). For fructose, values varied sensitively among varieties from 6.23
+0.28 g.kg ' dw (“Ghoudan”) to 28.15 + 0.78 g.kg ' dw (“Breval Blanca”).
In general, glucose levels were slightly higher than fructose levels in figs.
Nevertheless, there were varieties such as ‘Fassi’, ‘Ghoudan’, ‘Noukali’,
‘Palmeras’ and ‘White Adriatic’ that showed fructose levels higher than
glucose (Figure 2). These results showed the varietal influence on the
glucose/fructose ratio in figs. This aspect is of great importance since
fructose is 80% sweeter than sucrose (Wojdylo et al., 2016). Therefore,
a lower glucose/fructose ratio indicates higher sweetness of the fruit. The
results are in agreement with those of Wojdylo et al. (2016) and Veberic and
Mikulic-Petkovsek (2016). The minor amounts in sucrose are probably due
to anabolic processes and respiration during fruit development. They might
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Figure 2. Content levels of individual sugars (g. kg~'dw) in whole fruit of 11fig cultivars. Average
values + standard deviation are presented statistically significant differences (p < .05) among
cultivars are presented over error bars (a-j). Box and whisker plots were used to show the
distribution of a data set.

also be relevant to the hydrolysis of sucrose into fructose and glucose during
fruit ripening (Melgarejo et al., 2001; Vemmos et al., 2013). Generally, the
amounts of sugars in fig are comparable to those detected in some other
fruits, such as apples and strawberries (Veberic and Mikulic-Petkovsek,
2016).

Organic Acids

Malic acid was the predominant organic acid in all samples and recorded high
levels compared to citric acid (Figure 3). The cultivar “Palmeras” exhibited the
highest value of malic acid (4.99 + 0.2 gkg-'), followed by “White Adriatic”,
“Cuello Dama Blanca” and “Breval Blanca” which on average contained, respec-
tively, 3.74 + 0.14, 2.6 + 0.3 and 2.55 + 0.04 gkg ' dw. Citric acids ranged from
1 £ 0.02 (“White Adriatic”) to 0,31 + 0,04 (“El Quoti Lbied PS20”) (Figure 3).
Overall, organic acids, were lower in dark-colored fig cultivars. The findings are in
agreements with results reported by Colaric et al. (2005) and Pereira et al. (2017).
According to the same authors, malic and citric acid have been identified as the
major organic acids in figs. Notwithstanding, succinic, fumaric, shikimic, and
oxalic acids have been also detected but in minor amounts. In addition to sugars;
fruit sweetness is also correlated to organic acids. Even in minor amounts, the latter
can influence the taste of fruit and decrease indeed their sweetness (Colaric et al.,
2005). Compared to some fruits, such as sweet cherries, peaches or apricots, the
amounts of citric and malic acids in figs are generally lower (Colaric et al., 2005;
Kafkas et al., 2007; Serradilla et al., 2011).


Hanine Hafida
Query Text



INTERNATIONAL JOURNAL OF FRUIT SCIENCE . 1

A
o
1

% N ‘

‘E’btl,o % b 5 T
£ Y § -

® 30 - ¢ NN AN

= % \s. eod d % § 3 S
01 ¥ N S| . 2
NN N
IO\ R

87 ‘EEEE e f deg§ de 3 \ :3:3: c \ d \ d \ -:-if 0

> BN :;iziz ::iéi :EEEE :§§§§ QQQEEE ;;;gga :;;;;g

& & CitricA. & Malic A.

Figure 3. Organic acids content (g kg™") of the whole fruits in 11 fig cultivars. Average values +
standard deviation are presented statistically significant differences (P < .05) among cultivars are
presented over error bars (a-f). Box and whisker plots were used to show the distribution of
a data set.

Phenolic Compounds

Phenolic compounds were expressed on a dried weight basis and revealed
highly significant variability among accessions (p < .05) (Table 4). All
studied cultivars exhibited important level of total phenols (TP). However,
TP was higher in dark-colored fig cultivars that are ‘Fassi’ (524.74 + 35.9 mg
GAE/100 g dw), ‘Noukali’ (478.64 + 76.12 mg GAE/100 g dw) and
‘Snowden’ (42.52 + 69.98 9 mg GAE/100 g dw). Total flavonoids (TF) varied
from 14.59 = 7.6 (“White Adriatic’) to 83.71 + 10.5 mg CE/100g dw
(‘Kadota’) with an average of 37.71 + 4.9 mg CE/100g dw. Generally, TF
were slightly higher in light-colored figs. Flavonoids are one of the major
groups of fig fruits polyphenols. They are commonly classified as “environ-
mental compounds” because they are often produced in direct response to
environmental conditions (Wojdylo et al., 2016). TP and TF results were
similar to those reported in previous works (Caliskan and Polat, 2012;
Harzallah et al., 2016; Wojdylo et al., 2016). With the exception of ‘Breval
Blanca’ and ‘White Adriatic’ (24.8 + 2.48 and 19.63 + 3.93 mg cyanidin-
3-rutinoside eq/100g dw, respectively), total anthocyanins were higher in
dark-colored figs such as ‘Noukali’ (23.77 + 6.41 mg cyanidin-3-rutinoside
eq/100g dw), ‘Fassi’ (14.88 * 5.37 mg cyanidin-3-rutinoside eq/100g dw) and
‘Ghoudan’ (11.16 + 7.03 mg cyanidin-3-rutinoside eq/100g dw). On the
other hand, minor levels of total proanthocyanidins (TPA) were detected
in samples and were in the range of 0.82 £ 0.5-6.64 + 1.9 cyaniding eq/100g
dw. Overall, TPA are slightly higher in light-colored figs. The results were
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higher than those reported in red wine and tea (Aljane and Ferchichi, 2009).
However, they were close to those found in strawberry (Hakkinen et al,,
1999), apricots, peaches (Tomas-Barberan et al., 2013), apple and persim-
mon (Veberic et al., 2008). The results are comparable with those reported
in previous works (Gu et al., 2004; Kamiloglu and Capanoglu, 2013).

Antioxidant Activity

Results of antioxidant activity (AA) showed a highly significant variability
(p < .001) among cultivars regarding the three essays (Table 5). The free
radical scavenging activity (FRSA) based on DPPH essay showed an
important AA. Thus, the highest values were recorded by ‘Nabout’ (88.1
+ 3.37 mmol TE/g dw) and ‘Breval Blanca’ (83.16 + 6.93 mmol TE/g dw),
while ‘El Quoti Lbied’ and “Snowden” exhibited the lowest values (14.28 +
1.42 and14.76 + 1.61 mmol TE/g dw respectively) (Table 5). In ABTS
essay, the cultivar “Noukali” (8.04 + 0.3 mmol TE/g dw) showed the
highest FRSA, followed by “Breval Blanca” and “Fassi” (6.41 + 0.66 and
5.96 + 0.52 mmol TE/g dw, respectively). Minors concentrations were
exhibited by the cultivars ‘Palmeras’, ‘Snowden’ and ‘Ghoudan’, which the
average values did not exceed 1.8 mmol TE/g dw. The FRSA based on
DPPH and ABTS essays was higher in light-colored fig cultivars (Table 5).
In the other hand, with the exception of the cultivar ‘Nabout’ (10.65 *
0.18 TE/g dw), the ferric reducing was higher in dark-colored cultivars
such as ‘Noukali’ and ‘Fassi’ which the average values were, respectively,
7.44 + 2.2 and 6.06 £ 0.9 mmol TE/g dw. However, the lowest ferric
reducing ability was recorded by the cultivars “El Quoti Lbied” and

Table 5. Free radical scavenging activity (DPPH and ABTS) and ferric reducing ability (FRAP)
(mean £SE in mmol TE/g dw) of studied cultivars.

Cultivar DPPH(mmol TE/g dw) ABTS(mmol TE/g dw) FRAP(mmol TE/g dw)
Breval Blanca 83.16 + 693 b 6.41 + 0.66 b 429 + 0.53 ed
Cuello Dama Blanca 2084 + 23 ¢ 373 £ 0.61 ¢ 4.14 + 0.58 def
El Quoti Lbied 1428 + 142 d 3.59 + 043 ¢ 1.09 +£ 0.04 j
Fassi 17.52 + 0.98 cd 596 + 0.52 b 6.06 + 0.9 bc
Ghoudan 17.78 £ 0.73 cd 1.76 £ 048 d 2.89 + 0.33 ef
Kadota 173 +£1.27 cd 243 £1.02d 2.55 + 1.27 €fj
Nabout 88.1+337a 444 + 0.55 ¢ 10.65 £ 0.18 a
Noukali 1795+ 147 d 804 +03a 7.44 + 2.2 bc
Palmeras 18.02 + 1.96 cd 143 +£0.25d 495 +0.12 cd
Snowden 1476 =+ 1.61d 175 +051d 3.53 + 0.81 ef
White Adriatic 1521 +137d 211+ 046 d 1.97 + 0.88 fj
Mean 38.16 + 2.12 2.78 + 0.66 4.50 + 0.71
ANOVA mean square 1967,25%** 14,53%** 18,51%**

Average values * standard errors of mean are presented. Different letters (a—j) in columns represent

statistically significant differences among cultivars at P < 0.05.

TE: Trolox equivalent.
**, **% denote significant of difference at level 0.01 and 0.001, respectively.
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“White Adriatic” (1.09 + 0.04 and 1.97 + 0.88 mmol TE/g dw respec-
tively) (Table 5). The results are consistent with those of Solomon et al.
(2006), Ercisli et al. (2012) and Veberic and Mikulic-Petkovsek (2016).
However, free radical scavenging activity (DPPH) levels were higher than
those described in similar studies (Ercisli et al., 2012; Pande and Akoh,
2010; Slatnar et al., 2011; Veberic et al., 2008). Generally, the findings
confirm those have proven that fig phytochemicals can affect processes
that alter the development of tumor cells because its high antioxidant
capacity (Vinson et al., 2005).

Correlation between Biochemical and Morphological Traits

The biochemical constituent data (set 1), and morphological traits data
(set 2) were analyzed via Canonical Correlation analysis (CCA). The method
allows to examine the highest correlation possible between two data sets. The
full model is statistically significant with a Wilk’s A = 0.065 and p < .0001
(Table 6). Therefore, by rejecting the null hypothesis supposing that the first
set of variables is independent from the second set of variables, we conclude
that there was probably a relationship between biochemical and morpholo-
gical variables. Furthermore, the Wilk’s A was very small, which means that
the proportion of variance shared between the two sets of variables and
across all canonical functions is 1- A = 93.5%. Therefore, the full model is
statistically significant and has what may be considered a very large size
effect. Table 7 reveals that the relationship between biochemical and

Table 6. Analysis of variance (Wilk’s test) and canonical correlations of biochemical components
and morphological traits. The highest ones are in bold.

Discriminant biochemical components Canonical Morphological traits Canonical
(set1) variate (Set2) variate
Sucrose —-0.012 Weight -0.587
Glucose —-0.033 Length -0.352
Fructose -0.291 Width 0.824
Citric acid 0.613 Stalk Length —-0.293
Malic acid 0.555 Stalk Width —-0.458
Total phenols 0.092 Neck Length -0.470
Total anthocyanins 0.377 Neck Width 0.374
Total flavonoids —-0.179 Ostiole Width 0.30018
ABTS 0.485 Peel Thickness 0.27054
DPPH 0.280

FRAP —-0.113

Total proanthocyanidins —-0.257

L* 0.301

c* 0.368

h* —-0.169

Eigenvalue 14.35

Canonical correlation 0.967

Wilks Lambda 0.065

Degree of freedom 85.22
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Table 7. Canonical variates and related statistics.

Squared
% of  Cumulative  Canonical canonical WIik's

Variates Eigenvalue variance % of variance correlation correlation lambda F Value Pr>F
1 40.41 48.45 48.45 0.99 0.98 0 323 < 0.0001
2 23.68 284 76.85 0.98 0.96 0 247 < 0.0001
3 10.66 12.78 89.63 0.96 0.91 0 1.83 0.04

4 344 413 93.76 0.88 0.77 0.01 1.36 0.09

5 2.22 2.66 96.42 0.83 0.69 0.04 1.16 0.28

6 1.67 2 98.42 0.79 0.63 0.13 0.98 0.52

7 0.64 0.77 99.19 0.63 0.39 0.34 0.73 0.81

8 0.47 0.56 99.76 0.57 0.32 0.57 0.66 0.81

9 0.2 0.24 100 0.41 0.17 0.83 0.49 0.83

morphological markers is largely captured by the first three variates that
explained 89.63% of the variance within the functions (Table 7). Looking for
the function 1 coefficients, we see that relevant biochemical compounds were
the organic acid, FRSA (ABTS), total anthocyanins, fructose and the chro-
matic coordinates lightness (L*) and Chroma (c*). While the fruit weight,
length, width, neck dimension, and stalk width were the most contributor in
the morphological traits (Table 6). Indeed, combining biochemical and
morphological characters, was worthy, since it can provide information on
variables that are potentially important in assessing fig genotypes. Significant
and strong correlated traits can be used to predict other ones and could be
considered of importance for characterization and the discrimination and of
tig genotypes.

Principal Component Analysis

Principal components analysis (PCA) was performed on all variables studied in
order to assess and distinguish each of the eleven cultivars (Fig. 4). The results
presented herein showed that fruit geometrical traits, glucose, fructose and
FRSA (ABTS and FRAP) were explained by the first principal component
(PC1) of the PCA, which accounted for 35% of the total variance. In the
other hand, organic acids, Chroma (c*), the hue angle (h°), DPPH essay,
lightness coordinate (L*), sucrose and total phenols, flavonoid and total antho-
cyanins were explained by the second principal component (PC2) that
accounted about 21% of total inertia. The cultivars ‘Breval Blanca’ and
‘Palmeras’ had the brightest skin color and were descrimated, particularly, for
their high amounts of Glucose, Fructose and total flavonoids. The latter may be
recommended for jam transformation. ‘Kadota’ and ‘Snowden’ were mainly
characterized by their fruit’s morphological traits. Particularly, ‘Kadota’ had the
most important fruit geometrical attributes. However, these cultivars were
negatively correlated to FRSA based on ABTS and FRAP essays and sucrose.
The cultivars ‘Noukali’, ‘Fassi’, ‘Ghoudan’ and ‘El Quoti Lbied PS20’" were
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Figure 4. Loading plot and score plot after principal component analysis of the variables and
individuals in the plane by two first principal components ((PC1 and PC2) with a total variance of
56.14%). Each group was presented in different colors.

clustered in the same group based on their high amounts of total phenols. They
can be particularly suggested for nutraceutical usage. “‘White Adriatic’ and
‘Nabout’ were particularly clustered based mainly on their high content of
organic acids, sucrose, and total anthocyanins. The cultivar ‘Cuello Dama
Blanca’ was closed to “White Adriatic’, ‘Nabout’ and ‘Noukali’, since they all
had no fruit neck. They may be used for canning, whereas big ones like ‘Kadota’
may recommended for fresh consumption. However, he had a typical profile as
he exhibited average values in almost all analysis (Fig. 4).

Conclusion

In the past decades, strong attention has been given to the combination of
several descriptors of interest as an important quality parameter in fig selection.
Morphological and biochemical traits seem to have attracted a particular sub-
stantial interest, since some of them can be used to predict each other based on
correlations between them. Selected fig cultivars in this study showed relatively
important traits regarding the fig morphological and biochemical quality and
the varietal effect. Morphological analysis revealed a high significant diversity
within cultivars. The Italian variety ‘Kadota’ showed the highest fruit geome-
trical traits. In all cultivars, malic acid was predominant compared to citric
acids. Fructose and glucose contents were slightly similar in all samples.
Nevertheless, glucose was higher in some cultivars while fructose was abundant
in others. Only minor amounts of sucrose were detected. Total phenols,
flavonoids, and total anthocyanins were higher in dark-colored genotypes,
while total proanthocyanidins were abundant in light-colored ones. Free radical
scavenging using DPPH essay exhibited the highest antioxidant activity. The
latter was also significantly important in light-colored figs. The multivariate
analysis revealed five groups with couple cultivars in each. The genotype ‘Cuello
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Dama Blanca’ was typical distinguished from others, because of its particulars
profile, since it exhibited average levels in almost all analysis. Organic acids,
fructose, lightness (L), Chroma (c*) and free radical scavenging activity based
on ABTS essay were the most relevant descriptors in biochemical analysis. On
the other hand, fruit weight, sizes and stalk, and neck dimensions were highly
discriminant in morphological analysis. These descriptors captured a high level
a total variance within cultivars. Furthermore, their combination was confirmed
to be significant and may have a large size effect in fig germplasm assessment.
Therefore, they can be suggested as a powerful approach in fig selection. This
work is a significant contribution in the selection of highly discriminant vari-
ables to optimize resources for a multivariate assessment of fig germplasm. It
also confirmed the effectiveness of combining both morphological and bio-
chemical descriptors in fig assessment.
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