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Abstract: This study aims to evaluate the bio-morphological and biochemical variability of three
Tunisian wild populations and one growing cultivar of purslane (Portulaca oleracea L.). The studied
varieties should be easily distinguished by the color and the habitus of the plant as mentioned in
literature, but the various analyses have shown a strong morphological heterogeneity within and
among the wild and cultivated accessions as presented by the variance analysis test (ANOVA) and
the PCA (Principal component analysis). We found high intrapopulation variability through the wild
populations that make it hard to differentiate them only on the base of morphology. We analyzed
the biochemical profile of those populations based on the analysis of freeze-dried samples of leaves
and stems. We identified and quantified twelve different phenolic compounds by the HPLC-diode
array detector (DAD) technique. Six phenolic acids and flavonoids were identified in the leaves and
stems of the wild and cultivated populations. Sinapic acid and myricetin are the majors identified
compounds through our samples. The results were significantly different in relation to the plant
organs and to the geographic origin for most of the compounds. The obtained results highlighted the
importance of Portulaca as a medicinal plant by showing its richness in phenols and flavonoids that
have multi-medicinal effects besides their antioxidant power.
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1. Introduction

The Mediterranean basin is very rich in wild edible species which have been used for food and
medicinal purposes for humans throughout the centuries [1]. Many of these species can be found
near coastal areas and usually grow under saline conditions while others can adapt in various harsh
conditions including high salinity [2,3]. Portulaca oleracea L., commonly known as “Purslane” or
Blibcha in Tunisia and North Africa, is an annual green herbaceous weed. It is also a medicinal plant
native to the Mediterranean basin, widespread in temperate and tropical regions of the world [4].
The number of species belonging to the Portulaca genus is uncertain, but it is estimated to be over
100 [5,6], morphologically very variable [7]. Two botanical forms are recognized in Tunisia such as the
spontaneous subspecies growing as an invasive weed in irrigated crops and in rural inhabited areas,
P. oleracea subsp. oleracea (P. oleracea var. sylvestris DC.), and the cultivated subspecies P. oleracea subsp.
sativa (Haw.) Celak., with a suberect habitus and ascending stems [8].
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Purslane was mentioned as a medicinal and food source in Egyptian texts from the time of the
pharaohs [9,10]. It comprises more nutritive values than other vegetables due to its w-3 fatty acid,
α-tocopherol, ascorbic acid, β-carotene and glutathione-rich shoot [11]. Pharmacological investigations
have indicated that P. oleracea produces a wide range of effects such as anti-inflammatory [12],
antibacterial [13], skeletal muscle relaxant [14], and wound-healing [15], reducing cancer progress
in vitro [16]. The several biochemical compounds such as terpenoids [17], alkaloids [18], cerebroside [19],
coumarins, and flavonoids [20] probably are biologically active and are associated with the mentioned
multi-pharmacological effects. Extracts of this plant may also stimulate signaling in β-cells and can
be used for diabetes prevention [21]. In addition, those extracts inhibited the acetylcholinesterase
(ACHE) enzyme, which is a key target in Alzheimer’s disease treatment [21]. According to these
researchers, this activity may be due to the dopamine and norepinephrine compounds present in
P. oleracea ethanolic extracts. Moreover, leaf and root extracts of purslane could find application in
sustainable and organic agriculture, since they present high allelopathic potential with further use as
growth regulators and natural herbicides [22].

Few studies have addressed exploring the North African and Mediterranean germplasm of this
species even though it is supposed to be a native of those regions. Salah and Chemli (2004) [8]
studied the phenotypic variability of several Tunisian populations of P. oleracea, considering many
morphological characters and hypothesizing that the detected differences were due to better and more
stable growth conditions of the cultivated plants. Furthermore, Sdouga et al. (2018) [23] analyzed the
intra-morphological variability of the wild population of Tunis that showed a high variability that
has been not confirmed by the molecular analysis using ribosomal and chloroplast DNA barcodes.
Accordingly, this work aims to explore the biochemical profile of this plant related to the morphological
variation among different Tunisian accessions of wild and cultivated plants in order to identify different
chemotypes of interest for nutraceutical purposes.

2. Material and Methods

2.1. Plant Morphological Characterization

Three wild populations of Portulaca oleracea L. were collected in Tunis (PTU), in Seliena (PSL) north
of Tunisia, and in Sfax (PSF) south of Tunisia. Those regions are characterized with an arid to subarid
climate. A cultivated population from Mahdia region (PMA) was also included to compare it with
the wild populations. The growing cycle started from May till the end of August under greenhouse
shelter at the Faculty of Sciences of Tunis. The seeds were sown in cellular trays at the beginning
of May, and the seedling were transplanted after three weeks in 18 cm diameter pots, utilizing as a
substrate peat (Pindstrup plus LV10336, GHS, Tunisia) and sand (1:1 in volume) by randomized block
experimental design by four replicates of 10 plants each. No fertilizer or nutritive solutions were used
throughout the growing season. The plants were watered regularly with 200 mL of tap water two times
per week. The temperature varied between 26 ◦C and 35 ◦C in the day (Figure S1); 110 individuals of
adult plants (fruiting stage) were characterized for the different morphological traits (Table 1). For the
biochemical analysis, we collected the leaf and stem samples at the end of the growing cycle, and then,
they were freeze-dried.

2.2. Determination of Total Phenols and Carotenoids

Total phenol content (TPC) was determined according to the Folin–Ciocalteau method after
extraction in 70% acetone [24]. The values are expressed as mg of gallic acid equivalents (GEA) g−1 dry
weight (DM). The Folin–Ciocalteu reagent was purchased from Sigma–Aldrich (St. Louis, MO, USA),
and the carotenoid determination was analyzed according to the protocol of Mayefield et al. (1986) [25]
using 0.5 g of freeze-dried samples.
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Table 1. Variance analysis of the different characters.

Descriptors Stem Length Number of
Branches

Length of
Branches Leaf Number Leaf Length Leaf Width Fruit Number

Units (cm) (n) (cm) (n) (cm) (cm) (n)

PSL 20.629 ± 0.981 a 10.141 ± 0.889 bc 9.327 ± 0.521 ab 117.626 ± 6.823 a 4.893 ± 0.229 a 2.095 ± 0.118 b 6.880 ± 0.551 b

PTU 15.286 ± 0.889 b 12.854 ± 0.805 a 10.245 ± 0.472 a 93.54 ± 6.182 b 3.705 ± 0.208 b 1.523 ± 0.107 c 7.683 ± 0.499 ab

PSF 17.638 ± 1.236 ab 12.764 ± 1.120 ab 7.820 ± 0.657 bc 90.220 ± 8.598 b 3.116 ± 0.289 b 1.538 ± 0.149 c 9.155 ± 0.695 a

PMA 15.784 ± 1.164 b 8.005 ± 1.055cd 9.723 ± 0.619 ab 77.038 ± 8.104 b 4.458 ± 0.272 a 2.392 ± 0.141 a 5.096 ± 0.654 c

F.P ** ** ns ** ** ** **

FC ** * ns ** ** ** **

F.h ** ** ns ** ** ** **

P × C × h ** ** ns ** ** ** **

F.P, the population factor; FC, the stems color factor; F.h, the plant habitus factor; P × C × h, the interaction of all
factors; ns, *, and ** indicate that the F test is not significant or significant at p < 0.05 and p < 0.01, respectively.
The Duncan test results (at 5% level) are presented by letters (a, b, c, and d). Populations with the same letters did
not show significant variability.

2.3. HPLC Analysis

The polyphenol content was analyzed in accordance with Soengas et al. (2012) [26] with some
modifications [27]. For the extraction, 60 mg of lyophilized powder was dissolved in 1.5 ml of a 1:1
v/v mixture of methanol and 0.04 N HCl. The mixture was vortexed for 1 min and then incubated for
10 min in ultrasonic. The mixture was centrifuged at 4 ◦C (20,000 g for 5 min); the supernatant was
collected for HPLC injection and conserved in −20 ◦C [28]. The HPLC analysis was performed using
a HPLC Agilent 1200 series system (Agilent, Santa Clara, California, USA) equipped with a diode
array detector (DAD). The analytical column was a Lichrospher 100RP-18 (240 × 4 mm i.d., particle
size = 5 µm). The mobile phase contained water/acetic acid (90:10, v/v, A) and acetonitrile/acetic
acid (90:10, v/v, B). Chromatography was performed with 0.6 mL /min flow rate and the following
gradient program: 0–7 min 1% B, 7–20 min 30% B, 20–28 min 50% B, 28–33 min 50% B, 33–38 min 1% B,
and 38–48 min 1% B. The injection volume of the sample was 30 µL. Polyphenols were detected by
DAD with monitoring the absorbance at 280, 310, 325, 350, and 520 nm. Hence, the characterization of
each phenol compound was based on its characteristic absorption spectra. Each sample was analyzed
in triplicate. We identified the compounds based on their standards retention time and spectra to
generate the calibration curve. Fourteen standards have been selected, and only 12 compounds have
been identified: gallic acid, chlorogenic acid, caffeic acid, sinapic acid, syringic acid, p-coumaric acids
and rutin, myricetin, scopoletin, quercitin, kaempferol, and apigenin. Ferulic and rosmarinic acids
were not found in our samples. The tested standards were selected basing on previous studies [29–32].
Quantification was based on the calibration curves of external standards by comparing each compound
through the absorption spectra. Concentrations were expressed in micrograms per gram of dry
weight. The different obtained results were presented with the means and standard deviation (SD) of
triplicate experiments

2.4. Statistical Analysis

We determined the analytical curves for TPC and HPLC-DAD and quantified the corresponding
compounds in all samples in order to estimate the contents in each sample. According to linear
equations for each calibration curve of equivalence compounds, we established gallic acid (TPC) and
standard (HPLC) contents. All studied biochemical compounds and characters were subject to diverse
statistical analysis. Analysis of variance (ANOVA; at a significant level of p < 0.05) procedure in Xlstat
2018 software (Addinsoft, Paris, France) was used with a completely randomized design coupled with
multiple comparisons of means (Tukey Contrasts) to investigate the differences between different organ
assays for the biochemical analysis (experimental factor O = organ), the plants habitus (experimental
factor h = habitus), and the stem color (experimental factor C = color) for the morphological analysis
to compare selected Portulaca oleracea populations (P). Duncan test was performed to compare the
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means. All determinations were done at least in triplicates, and all were averaged. The confidence
limits used in this study were based on 95% (p < 0.05). The differences between the means values were
compared using the Duncan multiple range test (at 5% level) (Table 1 in letters). We evaluated the
association between morphological variables by the Pearson correlation method via the Xlstat software.
In addition, we completed discriminative analysis, namely PCA (principal compound analysis) by R
software using Factor MineR package (R core team, Vienna, Austria).

3. Results

3.1. Bio-Morphological Characterization

The morphological variability of four populations of Portulaca oleracea L. wild (PTU, PSF, and PSL)
and cultivar from Mahdia (PMA) was evaluated. We have recurred to the analyses of 9 quantitative
and qualitative morphological traits. We had studied the morphological variability of 110 individuals.
The ANOVA method was used to determine the effect of population, the plant habitus (orthotropic or
plagiotropic), and color of the stems (green or red) on all the morphological traits. The basic difference
between the cultivated and wild varieties is the stem form and color [8]. The results are represented
in the Table 1. The ANOVA revealed statistically significant differences between the populations for
all morphological traits except the length of the branches; this result reveals the high interpopulation
variability for the different studied quantitative characters.

We compared the mean value of the Tukey (HSD) on the basis of the populations’ geographic origin
for the different studied traits, and the results show a significant difference among the populations as
demonstrated by the ANOVA test. On this basis, the Duncan test subdivided our populations into
2 groups for the stem length, number of fruits, branches, and leaves. It subdivides them in 3 groups A,
B, and C for number of branches leaf length and width. For the number of fruits and leaves, leaf width,
and stem length, those populations are represented in distinctive groups. The obtained results show
that the cultivar (PMA) is presented by medium high adult plant with a prostrate green stem of almost
15.5 cm of length and some branches with fewer and bigger leaves. Those characteristics make the
cultivars more accessible to harvest. For the wild populations, the ANOVA and Duncan test revealed
the great morphological polymorphism among those populations. For the stem length characteristic,
we found that the PSL was in a distinctive group from the other populations, with a higher recorded
length that reached a mean of 20.6 cm also for leaf length and number of leaves, while PSF was distinct
with a higher number of fruits, smaller leaves, and more branches compared to the PTU population.
In general, based on the obtained results, the wild population of Portulaca oleracea seems to be more
diversified with plagiotropic red stems with a higher number of branches and smaller but more leaves.

In fact, the Pearson correlation had confirmed this profile, with a negative correlation between the
leaf size and the stem length, leaf and fruit number, leaf size, and branch number (Table 2). We found
also a positive correlation between the stem length and number of branches from one side and the
branches and the number of fruits and leaves from another that are biologically justified. This finding
confirmed the previous profile of our studied populations. The principal component analysis (PCA)
(Figure 1) allowed the original variables to be condensed into a lower number of independent variables.
All the quantitative and qualitative characteristics were selected to display the discriminative analysis
of the PCA as presented in the factors map. The percentage of variability revealed that the first two PCs
accounted for 50.73% of the whole variation observed in the dataset. The first axis explained 32.26% of
the variability. The second axis explained 17.87% of the variability. The PCA profile does not show clear
distinctive groups of population individuals. It is difficult to distinguish a group of one population
even when most of the individuals of the wild populations are concentrated in the left side of the first
dim of the PCA and symmetrical to the PMA and PTU individuals, this distribution is mainly related
to plants habitus (plagiotropic for wild and orthotropic for cultivated) and the stems color (red for
wild and green for cultivated). This result reveals the high intrapopulation variability and that the two
varieties (wild and cultivated) cannot be distinguished only on the basis of the morphology.
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Table 2. Pearson correlation of the morphological parameters.

Stem
Length

Number of
Branches

Branches
Length

Leaf
Length

Leaf
Width

Number
of Fruit

Number
of Leaf

Stem length 1
Number of branches 0.395 1
Length of branches 0.108 0.266 1

Leaf length 0.253 −0.062 0.062 1
Leaf width 0.272 −0.269 0.019 0.479 1

Number of fruits 0.281 0.36 0.095 −0.056 −0.09 1
Number of leaves 0.177 0.215 0.112 0.029 −0.061 −0.027 1

Significant at p < 0.05.

Agronomy 2020, 10, x FOR PEER REVIEW 6 of 16 

In fact, the Pearson correlation had confirmed this profile, with a negative correlation between the 
leaf size and the stem length, leaf and fruit number, leaf size, and branch number (Table 2). We found 
also a positive correlation between the stem length and number of branches from one side and the 
branches and the number of fruits and leaves from another that are biologically justified. This finding 
confirmed the previous profile of our studied populations. The principal component analysis (PCA) 
(Figure 1) allowed the original variables to be condensed into a lower number of independent 
variables. All the quantitative and qualitative characteristics were selected to display the 
discriminative analysis of the PCA as presented in the factors map. The percentage of variability 
revealed that the first two PCs accounted for 50.73% of the whole variation observed in the dataset. 
The first axis explained 32.26% of the variability. The second axis explained 17.87% of the variability. 
The PCA profile does not show clear distinctive groups of population individuals. It is difficult to 
distinguish a group of one population even when most of the individuals of the wild populations are 
concentrated in the left side of the first dim of the PCA and symmetrical to the PMA and PTU 
individuals, this distribution is mainly related to plants habitus (plagiotropic for wild and orthotropic 
for cultivated) and the stems color (red for wild and green for cultivated). This result reveals the high 
intrapopulation variability and that the two varieties (wild and cultivated) cannot be distinguished 
only on the basis of the morphology. 

Table 2. Pearson correlation of the morphological parameters. 

 Stem 
Length  

Number of 
Branches  

Branches 
Length 

Leaf 
Length 

Leaf 
Width 

Number 
of Fruit 

Number 
of Leaf 

Stem length 1       
Number of 
branches 

0.395 1      

Length of 
branches 

0.108 0.266 1     

Leaf length 0.253 –0.062 0.062 1    
Leaf width 0.272 –0.269 0.019 0.479 1   
Number of 

fruits 
0.281 0.36 0.095 –0.056 –0.09 1  

Number of 
leaves 

0.177 0.215 0.112 0.029 –0.061 -0.027 1 

Significant at p < 0.05. 

 
Figure 1. PCA of the morphological parameters (PMA: cultivars, PSL: wild population, PTU: wild 
population, and PSF: wild population). 

Figure 1. PCA of the morphological parameters (PMA: cultivars, PSL: wild population, PTU: wild
population, and PSF: wild population).

3.2. Biochemical Analysis of P. oleracea

To study the biochemical composition of Portulaca oleracea accessions, we estimated the total
polyphenol (TPC) and the carotenoid content for freeze-dried samples of the different wild and
cultivated populations and their different parts. The obtained results showed more carotenoid
compounds than the TPC with a mean of 3.2 mg.g−1. For the TPC, the mean in the leaves is 1.7 mg.g−1

DM and the mean is 1.8 mg.g−1 DM in the stems. As presented in Table 3, the TPC was not significant
for population or plant parts (Figure 1). For the carotenoids content, the Duncan result (presented by
letters in the Table 3 and in Figure 2C) showed that the cultivated population PMA was in a distinct
group. This is related to the fact that the cultivated variety is characterized by a green stem verse the
wild one that are in red. We studied the composition in phenolic acids and flavonoids of P. oleracea
(Figure 3). Fourteen standards have been selected, and only 12 compounds have been identified: gallic
acid, chlorogenic acid, caffeic acid, sinapic acid, syringic acid, p-coumaric acids and rutin, myricetin,
scopoletin, quercitin kaempferol, and apigenin.
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Table 3. ANOVA of Total phenol content (TPC) and carotenoids.

Crop Carotenoids TPC
(mg·g−1 DM) (mg·g−1 DM eq GEA)

PSL 3.467 ± 0.229 a 2.508 ± 0.959 a

PTU 3.448 ± 0.306 a 2.052 ± 0.731 a

PMA 2.240 ± 0.295 b 1.185 ± 0.239 a

PSF 3.233 ± 0.111 a 1.077 ± 0.879 a

mean 3.097 1.706

F. P ** ns

F. O ** ns

P × O ** ns

F.P., the population factor; F.O. the organs factor; P × O, the interaction of the two factors; ns and ** indicate that the
F test is not significant or significant at p < 0.05 and p < 0.01, respectively. Letters indicate the DANCUN results
(populations with the same letter didn’t show significant variability).
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oleraceae (1, gallic acid; 2, chlorogenic acid; 3, caffeic acid; 4, sinapic acid; 5, syringic acid; 6, p-coumaric
acid; 7, rutin; 8, myricetin; 9, quercitin; 10, kaempferol; and 11, apigenin).

The identified phenolic acids are listed in Table 4. The more abundant phenolic compound is
sinapic acid in the leaves and the stems of the studied populations. The distribution of the phenolic
compounds, separated in acidic phenols and flavonoids, was higher in the leaves. The multivariate
analysis ANOVA revealed a significant variability of those compounds according to the geographic
origin and to the plant organ for most of them as presented in Table 4. The results revealed a significant
distribution for all the phenolic acids according to the plant part. For the geographic origin of the
studied plants, the results of ANOVA and Duncan (Figure 2) suggest a moderate effect of the population
for the caffeic and syringic acids, while the variability was not significant for the sinapic and p-coumaric
acids (Table 4).

For the flavonoids, five different compounds had been identified (Table 5). As for the phenolic
acids, the leaves have a higher content in flavonoid and the myricetin as a major compound, and for
the stems, rutin is the major compound. The ANOVA analysis is presented in the Table 5. As for the
phenolic acids, the plant organ factor significantly influences all the identified flavonoids. For the
population factor, it was significant only for myricetin and apigenin as confirmed by the Duncan test
(Figure 2B).

The PCA analysis of the biochemical composition of Portulaca oleracea is presented in Figure 4.
The first axis explained 39.71% of the variability. The second axis explained 23.73% of the variability.
The different samples are grouped in 3 groups. The first group contains the PSL, PTU, PMA, and PSF
populations and is symmetric to the second group by the first axis (Dim1) that groups the wild
populations PTU and PSF. A third group is symmetric to the second group of PTU by the second axis
(Dim 2) that contained the PMA population.

This result is in accordance with the Duncan test (Figure 2) and Tables 4 and 5; in fact, the cultivated
population revealed higher content for myricetin, rutin, and Kaempferol (Figure 2B), and PTU and PSF
had the higher content in scopoletin, synergic acid, and p coumaric acid (Tables 4 and 5). The first
group (G1) is related to the TPC that did not show significative variability among the studied samples
(Figure 2C and Table 2).
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Table 4. HPLC identified and quantified phenolic acids (mg/g−1 DM).

Crop Ac. Gallic Ac. Chlorogenic Ac. Caffeic Ac. Sinapic Ac. P-Coumaric Ac. Syringic

Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem
PTU 26.302 ± 2.173 29.233 ± 1.550 929.783 ± 7.701 124.566 ± 6.759 157.003 ± 2.503 32.966 ± 4.476 1138.633 ± 19.669 137.166 ± 5.361 383.669 ± 4.671 45.666 ± 6.842 869.366 ± 2.051 24.366 ± 3.605
PSL 30.566 ± 2.295 38.766 ± 0.473 106.667 ± 10.989 110.267 ± 9.351 280.367 ± 3.499 81.367 ± 5.965 1281.867 ± 17.418 449.133 ± 2.538 288.401 ± 9.801 95.9 ± 8.158 363.766 ± 4.636 83.801 ± 4.275
PSF 446.167 ± 3.505 17.5 01± 1.212 186.866 ± 1.596 38.666 ± 1.042 668.833 ± 2.609 24.666 ± 0.416 877.133 ± 9.405 141.166 ± 4.623 333.123 ± 3.355 29.533 ± 0.942 642.501 ± 2.172 31.533 ± 0.724

PMA 42.133 ± 1.908 21.233 ± 1.850 590.633 ± 4.756 89.333 ± 1.195 363.734 ± 2.396 49.567 ± 7.497 1229.203 ± 10.889 38.616 ± 1.723 320.934 ± 2.943 60.033 ± 2.332 21.206 ± 4.828 143.132 ± 4.463
Mean 136.291 26.683 453.488 90.708 367.4833 47.151 1131.708 191.116 331.608 57.783 474.208 70.701
F. P * ** ns ns ns ns
F. O * ** ** ** ** **

P × O ** ** * ** ** **

P = population factor; O = organs factor; P × O, the interaction of the two factors; ns, *, and ** indicate that the F test is not significant or significant at p < 0.05 and p < 0.01 respectively.

Table 5. HPLC identified and quantified flavonoids (mg g−1 DM).

Rutin Myricetin Quercitin Kaempferol Apigenin

Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem
PTU 252.301 ± 1.099 410.966 ± 8.724 265.866 ± 1.381 38.366 ± 3.672 298.691 ± 2.241 59.711 ± 2.069 26.523 ± 3.355 7.933 ± 2.095 14.266 ± 0.649 10.233 ± 0.975
PSL 475.433 ± 3.729 230.133 ± 7.826 782.766 ± 4.307 103.901 ± 2.109 243.602 ± 2.003 45.033 ± 2.922 46.233 ± 1.547 6.433 ± 1.097 34.933 ± 3.451 14.433 ± 3.842
PSF 216.301 ± 4.154 250.233 ± 7.926 384.667 ± 1.181 47.166 ± 1.150 211.966 ± 2.499 56.466 ± 01.971 25.933 ± 1.490 46.211 ± 1.411 21.133 ± 4.114 7.266 ± 0.327

PMA 798.333 ± 2.639 60.666 ± 0.882 1563.633 ± 3.023 16.366 ± 3.667 404.866 ± 7.057 6.922 ± 1.30 422.166 ± 8.917 2.633 ± 0.252 256.033 ± 8.204 6.266 ± 0.504
Mean 435.592 237.992 749.233 51.455 289.783 42.025 130.211 15.725 81.592 9.556
F. P ** ns ns * ns
F. O ** ** ** ** **

P × O ** ** ** ** **

P = population factor; O = organs factor; P × O, the interaction of the two factors; ns, *, and ** indicate that the F test is not significant or significant at p < 0.05 and p < 0.01, respectively.
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4. Discussion

4.1. Bio-Morphological Characterization of the Wild and Cultivated Population

The various statistical analyses performed for the studied characters have shown a strong inter-
and intrapopulation heterogeneity for the wild and the cultivated population. In fact, our analysis
focused on the two varieties: Portulaca oleracea subsp. sylvestris (DC.) Celak. and Portulaca oleracea
subsp. sativa (Haw.) Celak., easily distinguished by the color of the stems and the plant habitus [33].
Our results showed high intrapopulation variability as confirmed by Salah and Chemli (2004) [8] and
Sdouga et al. (2018) [23]. In fact, the ANOVA analysis with the Duncan test as presented in Table 1
showed a high variability within and among the populations and reflects the great morphological
variability of this species. ANOVA values were mostly highly significant (p < 0.01) for most of the
studied traits based on the population factor, the habitus, and the color of the stems except for the
branches length that was not significant. This morphological variability have been explored in previous
studied [23,34] that showed high morphological plasticity of this species, and this could be explained
by its genetic variability that revealed to be very complex [35,36] and by the photosynthetic system
in Portulaca genus [37]. This variability has contributed to its adaptability to abiotic stress conditions
like salinity and drought [3,38,39]. Also, the large distribution area of this plant could contribute to
this variability. The corresponding estimated average variation of traits (Duncan) was also significant
for all characters mainly for leaves and the number of branches, where we can distinguish 3 groups.
These findings show that the Tunisian populations (cultivars and wild) are genetically very close
despite their geographical remoteness. The prostrate plants are characterized by a good vegetative
vigor, with greater stem length, number of branches, and thicker leaves with a reddish coloration of
the stem and branches. In self-pollinating species, the interpopulation morphological variability is
correlated to the fluctuations of environmental conditions [40]. In fact, as we can see for the PCA
of the morphological traits (Figure 1), it is not possible to distinguish clear groups for the wild and
the cultivated populations, except for the two qualitative characteristics of green stems for cultivated
population and plagiotropic habitus for the wild ones, but the group limits are not clear. The obtained
results of our study are in accordance with Sdouga et al (2018) [23] and El-Bakatoushi et al. (2013) [34],
who found that Portulaca oleracea is in fact very variable and polymorphic, especially morphologically,
but that it is nondivisible in group or micro-species that are limited by a geographical distribution or
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morphological variability because it remains related to environmental conditions. To further investigate
this diversity, we also studied the biochemical profile of wild and cultivated populations of Portulaca.

4.2. Biochemical Composition of P. oleracea Accessions

The biochemical composition of P. oleracea plants was explored and quantified by investigation
of the total polyphenol content (TPC), the carotenoid content, and the composition in phenolic acids
and flavonoids. Total phenol content has been reported to be associated with antioxidation activity in
various plants [41]. The TPC for the different parts of the plant of the Tunisian populations of Portulaca
oleracea were estimated, the obtained means are equivalent to 170 mg/100 g in the leaves, and the higher
recorded content was for the wild population of Seliana PSL with a content of 428.4 mg/100g. In fact,
the TPC depends on different factors, we cite the solvent and the method of extraction as explain
Uddin et al. (2012) [42]. Organic solvent is more suitable for TPC extraction since they easily evaporate
in water without forgetting the polyphenol oxidase that causes the oxidation of polyphenols. The results
revealed the TPC in stems was slightly higher than the leaves. This result is not in accordance with
those of Siriamornpun and Suttajit (2010) [31] on Thai purslane, where they found that the TPC content
is higher in the leaf then in the stem and flower. In fact, according to Silva and Carvahlo (2014) [32],
stems have a higher TPC and total antioxidant activity than leaves. Furthermore, we also investigated
the carotenoid content in the different accessions for the leaves and stems. This compound has been
reported to possess antioxidant activity because of its ability to neutralize free radicals and has the
potential to prevent cardiovascular disease and cancer [43]. The carotene content in our samples is
estimated at 3.159 ± 0.633 mg·g−1 in the leaves and 3.034 ± 0.567 mg·g−1 in the stems. Those means are
almost 4 times higher than the Thai Portulaca [31]. In addition, Viana et al. (2015) [44], determined
the total carotenoid content in purslane plants collected in Minas Gerais (Brazil) and observed that,
from the total carotenoids content (7.049 mg. 100 g−1 dry mass), 0.105 mg. 100 g−1 was attributed to β

carotenoids. The Duncan analysis (Figure 2C) showed that the wild populations presented a higher
significant content than in the cultivar PMA in which similar results were obtained by Alam et al.
(2014) [45] who worked on different cultivars and wild populations of Portulaca.

HPLC-DAD is used for the quantification of the polyphenolic compounds and their identification.
The compounds under study usually occur in plants as glycosides and methylated esters, or they
may exist in their free form as well [46,47]. Phenolics range from simple, low molecular-weight,
single aromatic-ringed compounds to large and complex tannins and derived polyphenols [47,48].
We identified 12 flavonoid and phenolic acids using the mix of 14 standards (Tables 4 and 5). Ferulic
and rosmarinic acids were not found in our samples even though they have been identified in
other collections of Portulaca [31,32,42,45]. It was possible to identify six phenolic acids: gallic,
chlorogenic, sinapic, caffeic, syringic, and p-coumaric. The variability of the content in those phenols
was significant in general between the populations according to their geographic origin but not to
varieties. Those findings are in accordance with Alam et al. (2015) [45], whose results showed that
the content of Portulaca oleracea in bioactive compounds is affected by the environmental conditions.
The higher identified phenolic acids in our samples was the sinapic acid. This acid could not be
identified in the Thai or Turkey accessions [29,31]. In fact, hydroxycinnamic acids are a kind of
non-flavonoid phenolics characterized by the C6-C3 structure. These compounds are used in both
structural and chemical plant defense strategies [46–49]. They can occur freely or as components of
plant polymers, and they are presented in our samples by the p-coumaric and sinapic acids.

Flavonoids are involved in a vast array of biological functions and possess a wide range of
pharmacological properties such as antibacterial, antivirus, anti-inflammation, and antioxidation
properties. In the present study, we successfully quantified 6 flavonoids: rutin, myricetin, quercitin,
kaempferol, and apigenin with a total mean of 225.886 mg.g−1 DM through the different populations.
Previous studies identified flavonoids of wild and cultivated Portulaca, and only two compounds,
apigenin and kaempferol, were reported [30]. Also, the present results suggest a high variability within
the different studied samples and those for the flavonoids and the phenolic acids, which suggest
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the strength relation between the geographic origin and environmental condition and the phenolic
composition that will be interesting to investigate more through the Portulaca accessions. According to
Zhu et al. (2010) [50], flavonoid levels vary according to the studied part of the plant; the highest
levels are present in the root followed by stem and the leaf. In the present study, we found a higher
content in the leaves over the stems as affirmed by the ANOVA analysis. Myricetin is the major
compound in leaves, and rutin is the major compound in the stems. However, for the Thai purslane,
rutin is the glycoside combining the flavone quercitin and the disaccharide rutinose found in leaves
and myricetin in stems [31]. In the Italian accessions, quercetin was the major flavonoids in leaves [51].
This confirms the great variability of this plant and showed that the biochemical profile besides
morphological characterization is related to the environmental condition. In the Tunisian P. oleracea
plants, the quercetin level is estimated at 165.904 mg.g−1 DM. This compound may aid in the prevention
of certain diseases, such as cancer and chronic inflammation, by retarding oxidative degradation,
by inducing enzymes that detoxify carcinogens, and by blocking the formation of cancer by deactivating
at least 30 types of agents that may cause cancer [52,53]. In fact, quercetin and kaempferol as myricetin
are flavanols which are the most widespread of the flavonoids [50,52,54]. Myricetin is a flavonoid
that provides health benefits; in fact, it inhibits oxidation and cytotoxicity of low-density lipoproteins
and may reduce the risk for heart disease or cancer [55–58]. It protects against two-stage skin tumor
genesis and inhibits the growth of lung cancer cells. P. oleracea is one of the richest medicinal plants in
this compound [59], and as we mentioned, it is a major compound in our samples. Also, the flavones
apigenin extracted from this plant have showed a potential as an antibacterial, indicating that it can be
used for the development of antibacterial drugs for the treatment of diseases associated with pathogenic
bacteria. The different flavonoid and phenolic acids were found in the all plant parts (leaves and stem);
leaves presented a higher amount of phenolic compounds than stems, which suggests that, in leaves,
the synthesis of secondary metabolites is more developed than in stems, for which primary metabolism
is more developed.

Also, the study of the biochemical composition of the wild and cultivated populations of Tunisia
showed that both two varieties shared the same composition but with different amounts. The cultivated
variety (PMA) is richer in flavonoids than the wild. As exposed in the Table 5 and the groups of the
Duncan test (Figure 2B), for myricetin and apigenin, PMA is in distinct groups with higher amounts
for those compounds. The wild populations presented higher contents in phenolic acids. In general,
this study demonstrated a high variability through the southern Mediterranean studied accessions
that have been presented by bio-morphological and biochemical vision. The different populations of
purslane had significant bioactive compound content for the two varieties.

5. Conclusions

This study demonstrated the great morphological variability between and among the Tunisian
populations and the cultivated variety of P. oleracea studied especially for the former ones. The main
characteristics showing significant diversity among the genotype tested are the stem length; the number
of branches; and the number, length, and width of the leaves. This morphological variability was also
supported by the great biochemical diversity. The different organs of purslane showed significantly
different bioactive compound content and revealed different levels of diversity in relation to both
the geographic origin and the genotype. The different quantified compounds revealed a higher
concentration in the leaves compared to the stems. The main polyphenol compounds are represented
by myricetin and sinapic acid. The morphological and biochemical variability observed highlighted
the potential of Portulaca oleracea species for its adaptability and for its great value as a medicinal plant.
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