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Abstract 
 

      This study investigated the antioxidant and anti- 

adipogenic capacities of four Tunisian Extremophile plants 

(Mesembryanthemum edule (ME), Atriplex inflate (AI), 

Rantherium suaveolens (RS) and Arthrophytum scoparium 

(AS)). These plants are well known for their use in the 

traditional medicine. Mesembryanthemum edule exhibit an 

important amount of total phenolic compound (73.10 mg 

EGA/g DW) followed by Rantherium suaveolens (58.92 mg 

EGA/g DW). Mesembryanthemum edule presented the highest 

antioxidant capacity (82.15 mg EGA/g DW) followed by 

Rantherium suaveolens (32.19 mg EGA/g DW). For the anti-

radical activity, RS extract showed considerable radical 

scavenging activity with an IC50 equal to 8.52 and in important 

anti-adipogenic activity by the inhibition of 3T3-L1 

differentiation. HPLC analysis indicated that RS extract 

contained transcinnamic acid, isorhamnetin 3-O –glucoside 

and isoquercetrin as major compounds. 

 

Keywords: Antioxidant; Anti-adipogenic; Rantherium 
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Introduction 
 

      Obesity is fundamentally a problem of energy balance and 

it can develop when energy intake exceeds energy expenditure, 

resulting in fat accumulation and excessive adipose tissue 

mass. Possible mechanisms for preventing or treating obesity 

involve decreasing triglycerides formation, increasing fatty 

acid oxidation, or increasing lipolysis [1].Many studies have 

demonstrated that adipocyte differentiation and fat amount as 

well as adipocyte dysfunction are strongly associated with the 

development of obesity, which is a major risk factor for many 

metabolic disorders and cardio-vascular diseases [2, 3]. One of 

the treatment/prevention of fat accumulation in adipose tissue 

is via the control of adipocyte differentiation and adipogenesis 

using in vitro cell models specific to obesity research. Among 

the cell line models, 3T3-L1 cells is a cell line derived from 

mouse widely used in this kind of biological research purpose. 

Based on in vitro and in vivo experiments, a lot of research 

studies agree that plants can be used as a treatment for 

metabolic problems such as obesity [4-6]. Pharmacological 

strategies are recommended for the treatment of obesity. In 

fact, the choice of the potent obesity treatment depends on the 

right diagnosis [7]. There are several integrative and 
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corresponding practices, including dietary strategy, physical 

activity, behavioral therapy, surgical interventions, medicinal 

therapies, drug addiction treatments, hypnosis, acupuncture 

and the use of medicinal plants. These approaches also grant to 

the selection of species to be considered and the improvement of 

phytotherapeutic medicines based on ethnopharmacological 

exploration. 

 

      Among these therapies are plant-based medications that 

may contribute to satiety, increased metabolism and accelerated 

weight loss [8]. In this context, some plants as halophytes and 

xerophytes are a rich source of natural active compounds 

including polyphenols, flavonoids, and anthocyanin [9]. 

 

      Based on the above considerations, this study presents an 

exploration of some extremophile plants (Mesembryanthemum 

edule, Atriplex inflata, Rantherium suaveolens and 

Arthrophytum scoparium) known for their richness in phenolic 

compounds, by evaluating antioxidant capacity and their 

potential therapeutic properties in the prevention or treatment 

of obesity. 

 

Materials and Methods  
 

Sampling and Plant extraction 

 

      Mesembryanthemum edule sample was collected from the 

coastal region “Soliman” (Nabeul, Tunisia) with sub-humid 

climate. Atriplex inflata was collected from salt flat (sebkha) 

of Kairouan city with semi-arid climate. Rantherium 

suaveolens and Arthrophytum scoparium samples were 

collected from the south region of Tunisia (Gabes) with a 

Saharan climate. The plant material was identified at the 

Centre of Biotechnology of Borj Cedria by Professsor Smaoui. 

The collected samples were rinsed with distilled water, kept in 

laboratory temperature; oven dried at 60°C and then ground 

finely using a ball mill type “Dangoumeau”. Afer that, 10 g of 

dry powder was extracted with 100 ml of ethanol/water (70%) 

solution for 30 min under a magnetic stirring. All extracts 

were filtered using a Whatman filter paper (No. 4). Then the 

extracts were stored at 4°C until analysis. 

 

Determination of total phenolic contents 

 

      Total polyphenols were assayed by the Folin-Ciocalteu 

reagent and gallic acid as standard according [10]. Absorbance 

was checked at 760 nm. Contents were expressed as mg gallic 

acid equivalent per gram of dry weight (mg GAE/g DW) 

through the calibration curve with gallic acid, ranging from 0 

to 500 µg/ml. All samples were analysed in triplicate.  

 

Determination of flavonoid contents 

 

      Total flavonoid content of all extracts was estimated using 

a colorimetric assay developed by [11]. An aliquot (250 µl) of 

the samples was mixed with 75 µl NaNO2 solution (5%; w/v) 

for 6 min, before adding 150 µl AlCl36H2O (10%; w/v). After 

5 min at room temperature, 500 µl of NaOH (1 M) was added. 

The final volume was adjusted to 2.5 ml with H2O and 

scrupulously mixed. Absorbance of the mixture was determined at 

510 nm and converted to flavonoid concentration from a 

catechin standard curve and expressed as mg catechin 

equivalents/g of dry weight (mg CE/g DW). 

 

Determination of condensed tannin contents 

 

      The condensed tannins content was determined according 

to the method [12]. Fifty ml of diluted extract were mixed 

with 3 ml vanillin (4%; w/v). Then, 1.5 ml 2M hydrochloric 

acid was added to the mixture. After incubation for 15min at 

room temperature, absorbance was measured at 500 nm. 

Results were expressed as mg catechin equivalents/g of dry 

weight (mg CE/g DW). 

 

Evaluation of antioxidant activities  

 

DPPH radical scavenging assay 

 

      Radical-scavenging activity was determined according 

[13]. Briefly, extract at different concentrations were added to 

0.2 mM of 2,2-diphenyl-1-picrylhydrazyl (DPPH) methanolic 

solution then the absorbance was measured at 517 nm. DPPH 

radical scavenging activity was expressed as IC50, defined as 

the concentration of the extract generating 50% inhibition. All 

samples were analyzed in triplicate. 

 

Evaluation of total antioxidant activity (TAA) 

 

      Total antioxidant ability of all extracts was based on the 

reduction of Mo (VI) to Mo (V) and subsequent formation of a 

green phosphate/Mo5+ complex at acid pH according a 

protocol described previously [14]. An aliquot (100 µl) of 

diluted extracts was combined with 1ml of reagent solution 

(0.6N sulfuric acid, 28mM sodium phosphate and 4mM 

ammonium molybdate). The tubes were incubated in a thermal 

block at 95°C for 90 min. Then, the mixtures were cooled to 

room temperature and the absorbance of each solution was 

measured at 695 nm against blank in a UV–vis 

spectrophotometer. Antioxidant capacity was expressed as mg 

gallic acid equivalent per gram dry weight (mg GAE/g DW). 

 

Iron Reducing Power 

 

      This antioxidant activity was focused on the reduction of 

the trivalent iron produced by the FeCl3: Iron (III) chloride 

anhydrous [15]. The intensity of the appearing blue-green 

colour was measured at 700 nm. The EC50 value (µg/ml) for 

the reducing power is the extract concentration at which the 

absorbance was 0.5 and ascorbic acid was used as a positive 

control. All samples were analysed in triplicate. 
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Analysis of phenolic compounds by analytical RPHPLC/ 

UV 

 

      During this experiment, extracts used previously was kept. 

Before injection into the HPLC system, extract was passed 

through a 0.45 μm nylon filter. The separation of selected 

phenolic compounds was carried out using HPLC system 

(consisting of a vacuum degasser, an autosampler, and a 

binary pump with a maximum pressure of 600 bar; Agilent 

1260, Agilent technologies, Germany) equipped with a 

reversed phase C18 analytical column of 4.6 x100 mm and 

3.5μm particle size (Zorbax Eclipse XDB C18). Column 

temperature was maintained at 25°C. The injected sample 

volume was 2 μl and the flow-rate of mobile phase was 0.4 

ml/min. Mobile phase B was milli-Q water consisted of 0.1% 

formic acid and mobile phase A was methanol. The optimized 

chromatographic condition was revealed as follows: 10% A, 

90% B (0 min); 20% A, 80% B (5 min); 30% A, 70% B (10 

min); 50% A, 50% B (15 min); 70% A, 30% B (20 min); 90% 

A, 10% B (25 min); 50% A, 50% B (30 min); 10% A,90% B 

(35 min). UV-vis absorption spectra were recorded online 

during the HPLC analysis. The DAD detector was set to a 

scanning range of 200-400 nm. Peak identification was 

obtained comparing the retention time and the UV-vis spectra 

of all extracts phenolics chromatograms with those of 

available standards [16]. Quantification was performed by 

reporting the measured integration area in the calibration 

equation of the corresponding standard. 

 

Cell Culture 

 

      Murine 3T3-L1 preadipocytes (Riken Tsukuba japan) were 

maintained in Dulbecco's modified Eagle's medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) and 1% 

penicillin (5000 μg/ml)-streptomycin (5000 IU/ml) in 75-cm2 

tissue culture flasks. Medium was changed every 3 days and 

cell passage was carried out at 80% confluence at one on two 

ratio using 0.25% trypsin (1 mM EDTA). 3T3-L1 cells were 

cultured in a humidified incubator at 37°C and 5% CO2. 

 

Pre-adipocytes differentiation and Oil-Red-O staining 

procedures 

 

      3T3-L1 pre-adipocytes were seeded into 96-well plates at 

1.0 x104 cells/well, and cultured for additional two days until 

full confluence. Two days later (Day0), cells were incubated 

with a differentiation cocktail (MDI) containing 1/10 insulin 

solution, 1/10 dexamethasone solution and 1/10 3-isobutyl-1-

methylxanthine solution in standard culture medium for 3 days 

followed by additional 48h with standard culture medium 

containing insulin alone. The differentiation-maintenance 

medium was changed every 2 days. To investigate the effect 

of extracts on adipogenesis in 3T3-L1, at different doses; (25, 

50, 100, 200 and 400μg/ml) were added to the differentiation-

induction and differentiation-maintenance media. The same 

procedure was conducted to investigate the effect of the 

determined phenolic compounds of NR; Luteolin-7-O-

glucoside (5, 25, 50, 100 and 200 μM), Isorhamnetin (5, 25, 

50, 100 and 200μM) and Isorhamnetin-3-O-rutinoside (5, 25, 

50, 100 and 200μM). The staining procedure was conducted 

according to the adipogenesis assay kit (Cayman chemical 

company). The absorbance was read at 490 nm with a 96-well 

plate reader. The lipid droplet content was reported as 

percentage of control cells. 

 

Cell proliferation assay (MTT assay) 

 

      Cell proliferation was investigated by MTT (3-(4, 5-

Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) 

assay. 3T3-L1 cells were seeded in 96-well plates at 

1×105cells/ml. After incubation for 7 days (adipocytes), leaf 

and stem extract samples diluted in medium were added at 

final concentrations of 25, 50, 100, 200, 400 μg/ml. The same 

procedure was conducted to investigate the effect of the 

determined phenolic compounds of NR; Luteolin-7-O-

glucoside (5, 25, 50, 100 and 200 μM), Isorhamnetin (5, 25, 

50, 100 and 200μM) and Isorhamnetin-3-O-rutinoside (5, 25, 

50, 100 and 200 μM). MTT was added after treatment for 7 

days, and the resulting formazan was completely dissolved by 

100 μl of 10% sodium dodecyl sulfate (SDS) for 24h. The 

absorbance was determined at 570 nm in a multi-detection 

microplate reader (Power-scan HT, Dainippon Pharmaceutical, 

NJ, USA). Absorbance caused by the ability of the sample to 

reduce MTT or by its color, was corrected using plates as 

blanks, prepared in the same conditions in the absence of cells.   

 

Results and Discussion 
 

Total phenolic, flavonoid and condensed tannin contents  

 

      Phenolic contents depend on several factors such as 

species. In fact, total polyphenol, flavonoid and tannin content 

are listed in (Table 1). Results showed a significant difference 

between species. Mesembryanthemum edule exhibit an 

important amount of total phenolic compound (73.10± 0.72 

mg EGA/g DW) followed by Rantherium suaveolens (58.92± 

1.32 mg EGA/g DW). Arthrophytum scoparium and Atriplex 

inflata present the lowest TPC with 6.80± 0.09 mg EGA/g 

DW and 5.32± 0.07 mg EGA/g DW, respectively. 

 

      The same tendency was observed for total flavonoid 

content which exhibit that Mesembryanthemum edule and 

Rantherium suaveolens contain the highest amount of these 

metabolites, respectively with 45.00± 0.82 mg EC/g DW and 

21.75± 1.11 mg EC/g DW.  

 

      R.suaveolens extract was characterized by considerable 

amount of condensed tannin with 38.82 ± 2.13 mg EC/g DW. 

While the lowest quantities were detected in Arthrophytum 

scoparium and Atriplex inflata. In fact, Halophytes can be an 

interesting source of bioactive compounds, as they grow in 

conditions extremely hard with continuous stress, which can 
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stimulate their metabolism to produce bioactive molecules 

[17]. These changes could be attributed to the effect of 

species, organs or environmental, genetic and technical factors 

[18]. All studied plants had high TPC compared to values of 

some known medicinal plants such as Dactyloctenium 

aegyptium, Withania somnifera and Zygophyllum simplex 

which exhibit 3.31 mg EGA/g DW, 4.79 mg EGA/g DW and 

5.21 mg EGA/g DW, respectively [17].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Total phenolic, flavonoid and condensed tannin contents from six plant ethanolic extracts. Values are the means of three 

replicates and standard deviation. Values with different superscripts (a, b) are significantly different at P<0.05. 

 

Antioxidant potentialities of Mesembryanthemum edule, 

Atriplex inflata, Rantherium suaveolens and Arthrophytum 

scoparium 

 

      Extracts of four medicinal halophytes have been studied 

for their antioxidant capacity using three complementary tests: 

total antioxidant activity, DPPH and reducing power (Table 

2). Several researches have proven the potent role of phenolics 

as major antioxidant agents in plants, particularly within 

tolerant species14. Mesembryanthemum edule presented the 

highest antioxidant capacity (82.15± 2.21 mg EGA/g DW) 

followed by Rantherium suaveolens (32.19± 1.23 mg EGA/g 

DW). This activity was correlated with their richness in 

phenolic compounds. However, Atriplex inflata exhibited the 

lowest activity with 10.28± 0.5 mg EGA/g DW. The 

assessment of the total antioxidant activity showed that the 

total antioxidant ability was species dependent [18]. 

 

      Concerning antiradical activity, the results of DPPH test 

indicated that Rantherium suaveolens extract showed 

considerable radical scavenging activity with an IC50 equal to 

8.52±0.56 µg/ml. Furthermore, Rantherium suaveolens extract 

exhibited higher antioxidant activity than BHT (IC50 of 

11.5µg/ml). Besides, Mesembryanthemum edule was 

considered as a potent antioxidant (IC50 = 21.36 ± 2 µg/ml). 

On the other hand, our results were better than those found by 

[19] who reported that flower extract of Rhanterium 

sueaveolens exhibit an antiradical capacity with an IC50 equal 

to 333 µg/ml. In addition, our results were efficient than those 

found by [20] which reported that antiradical activity of 

halophytes such as Achillea collina, Aster tripolium subsp. 

pannonicus and Suaeda maritima were (106.65 mg/ml), 

(117.73 mg/ml) and (132.61 mg/), respectively. 

 

      The assessment of antioxidant activity using FRAP test 

showed that Mesembryanthemum edule exhibited a potent 

reducing capacity with a lower EC50 of 110 µg/ml. EC50 

values of all tested extracts were ranged from 110 to 2150 

μg/ml and arranged in the following decreasing efficiency 

order: Mesembryanthemum edule (110 μg/mL) > Rhanterium 

sueaveolens (180 ±5.10 µg/ml) > Arthrophytum scoparium 

(1020 ±15.10 μg/mL) > Atriplex inflata (2150 ±17.21 μg/mL). 

These results suggested that Mesembryanthemum edue is 

considered as a source of antioxidant reductants. In the same 

context [21] demonstrate that roots extract of M. edule present 

an EC50 equal to 217 μg/mL. In fact, it is evident that 

halophytes enriched in phenolics present an important 

antioxidant activity [22]. Besides, due to the diversity of 

antioxidants it will be interesting to use various antioxidant 

tests to elucidate the mechanism of action of different 

compounds [23]. Previous researches indicated the presence of 

a clear relationship between antioxidant potentialities of plant 

extracts and total phenolic contents [24]. Besides, it is 

necessary to use a wide range of antioxidant tests in order to 

assess the antioxidant ability of plant extracts known by the 

diversity of compounds, where the mechanism of action 

differs depending on the species [25, 26]. Furthermore, 

compound can act independently or in synergetic with other 

compounds [27]. 

 

 

 

TCT

(mg CE/g DW)
Species

Mesembryanthemum edule

Arthrophytum scoparium

Rantherium suaveolens 

73.10± 0.72 45.00± 0.82 7.50± 0.07

58.92± 1.32 21.75± 1.11 38.82± 2.13

TPC

(mg GAE/ g DW)

TFC

(mg CE/g DW)

Atriplex inflata

6.80± 0.09 2.62± 0.02 3.23± 0.01

5.32± 0.07 2.90± 0.03 3.50± 0.02
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Anti-adipogenic activities of Mesembryanthemum edule, 

Atriplex inflata, Rantherium suaveolens and Arthrophytum 

scoparium extracts 

 

      Adipogenesis assay was performed to investigate the effect 

of halophyte samples on the adipocyte differentiation and on 

the lipid droplets accumulation in 3T3-L1 cells using Oil red 

O staining. Differentiated 3T3-L1 cells were treated every two 

days with different halophyte extracts at various concentration 

and with 25 μM isorhamnetin (as positive control), for 7 days. 

Based on Oil-Red-O content quantification, results showed 

that not all these samples are effective in reducing the lipid 

content within cells. Only some high concentrations of certain 

plant extracts were shown to inhibit lipid droplets 

accumulation within 3T3- L1 cells. For example, Cells treated 

with RS and ME at 400 μg/ml were less differentiated than 

other treated cells showing similar results as isorhamnetin 

(about 50%), so the inhibition of cell differentiation and 

adipogenesis of these cells (Figure 1). The important anti-

adipogenic effect could be correlated to the potential 

antioxidant capacities of ME and RS in comparaison with 

other plants. In other hand, cell viability of 3T3-L1 cells was 

cheked using MT assay and results showed that ethanolic 

extracts of halophyte medicinal plants did not significantly 

affect the cell viability except for RS which reduced the cell 

proliferation especially for the high dose as shown in (Figure 

2). 
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Figure 1: Effects of plant extracts: AS (A), RS (B), ME (C) and AI (D) using different concentrations (25, 50, 100, 200 and 400 

μg/mL), on lipid droplet content in 3T3-L1 cells. Fat droplets in adipocytes differentiated for 7days with or without sample extracts 

and isorhamnetin at 25 μM dose (the positive control) treatments were stained with oil Red-O dye and examined used a light 

microscope. Relative Oil-Red-O absorbance was measured at 490nm. Lipid droplet accumulation in treated cells was expressed as a 

percentage of control (untreated cells). Bars represent mean ± SD, n=3, * p<0.05, ** p<0.01. 
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Figure 2. Effects of plant extracts: AS (A), RS (B), ME (C) and AI (D) using different concentrations (25, 50, 100, 200 

and 400 μg/mL) and isorhamnetin at 25 μM dose (Iso 25), on 3T3-L1pre-adipocytes viability after cell differentiation (7 

days’ treatment). Bars represent mean ± SD, n=3, * p<0.05, ** p<0.01 
 

 

 

 

 

 

 

 

 



 

 

8 | Advances in Nutrition and Food science, Volume 2022, Issue 02 

 
 

Copyright: © 

2022 Feten Zar Kalai1* 

 

Evaluation of Antioxidant and Anti-Obesity Potentials of Four Tunisian 

Medicinal Plants: Mesembryanthemum edule, Atriplex inflata, Rantherium 

suaveolens and Arthrophytum scoparium 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Antioxidant activities of the four halophyte plants: Total antioxidant activity, DPPH radical scavenging activities and ferric 

reducing power. Values are the means of three replicates and standard deviation. Values with different superscripts (a, b) are 

significantly different at P<0.05. 

 

Identification of phenolic compounds in potent species by 

RPHPLC/ UV 

 

In this section only extracts with the best potentialities 

(Rhanterium suaveolens) have been selected for phenolic 

identification. RP-HPLC coupled with a UV-Vis multi 

wavelength detector was employed to separate and to quantify 

phenolic compounds. A total of 8 phenolics were detected in 

this extract (Figure 3).  These compounds have been 

identified according to their retention time and the spectral 

characteristics of their peaks compared to those of standards, 

as well as by spiking the sample with standards. Phytochemical 

investigation allowed us to depict trans-cinnamic acid as 

major phenolic acid with a high proportion (7.321 mg/g R), 

followed by isorhamnetin 3-O -glucoside and Isoquercetrin 

with the proportions of the order of 5.40 and 3.29 mg/g R, 

respectively. All these natural compounds especially the ones 

containing phenolic hydroxyl group are well-known for their 

several health benefits due to inherent strong free radical 

scavenging properties. In fact, cinnamic acid and its derivates 

are being studied as potential antioxidants due to the multi-

functional activities they exhibit [28]. Besides, isorhamnetin 

has an efficient protective consequence against oxidative 

stress in human cells, and the mechanism of action is 

principally related to the activation of PI3K/Akt signal 

transduction pathway. Then, isorhamnetin can reinforce the 

cellular antioxidant resistance capacity by activation of the 

Nrf2/ HO-1 and ERK pathways, thus preventing C2C12 cells 

from H2O2 induced cytotoxicity [29]. In addition, cinnamic 

acid treatment considerably decreased oleic acid which induce 

lipid accumulation in HepG2 cells and significantly reduced 

the triglycerides content in a dose-dependent manner [30]. In 

the same context, these authors demonstrate that cinnamic acid 

down-regulated genes such as branched-chain ketoacid 

dehydrogenase kinase (BDK) and up-regulated branched-

chain ketoacid dehydrogenase phosphatase (PPM1K), which 

led to a decreased BDK: PPM1K ratio. This may also indicate 

its inhibitory effect on the transcription factor carbohydrate-

responsive element-binding protein ChREBP, as well as 

reflecting cinnamic acid therapeutic effects against obesity. 

Moreover, isorhamnetin can be implicated in prevention of 

obesity with inhibition of fat formation and the promotion of 

mitochondrial biogenesis, reduction of body weight, 

improvement of insulin resistance, and liver fat degeneration 

in 3T3-L1 preadipocytes and female C57/BL6 mice and 

increase of insulin secretion and energy consumption in mice 

fed with a high-fat diet [31, 32]. 

 

 

 

 

 

 

 

 

 

 

 

 

Reducing power

(EC50 µg/mL)
Species

Mesembryanthemum edule

Arthrophytum scoparium

Rantherium suaveolens 

82.15± 2.21 21.36± 2.00 110 ± 4.31

32.19± 1.23 8.52± 0.56 180 ± 5.10

AAT

(mg GAE/ g DW)

DPPH

(IC50 µg/mL)

Atriplex inflata

17.22± 0.72 109.15± 4.10 1020 ± 15.10

10.28 ± 0.50 97.23± 3.21 2150± 17.21
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Figure 3: RP-HPLC chromatograms of Rhanterium suaveolens extract. Signal was monitored at 254 nm. The peak numbers 

correspond to: 1: Catechol; 2: Catechin; 3: Chlorogenic acid; 4: Trans 3-Hydroxycinnamic acid; 5: Isoquercetrin; 6:  Kaempferol 3-O-

rutinoside; 7: Isorhamentin- 3-O-glucoside; 8: Transcinnamic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Phenolic compounds identified and quantified by analytical RP-HPLC/UV from ethanolic extract of Rhanterium suaveolens. 

Values are the means of three replicates and standard deviation. Values with different superscripts (a, b) are significantly different at 

P<0.05. 

 

 

 

 

Peak N RT (min) Area Compound Quantification

(mg/g)

1 13.176 1.114 Catechol 1.025

7 35.600 3.410 Isorhamnetin- 3-O-glucoside 5,396

6 35.025 5.836 Kaempferol- 3-O-rutinoside 2,711

5 30.765 1.272 Isoquercetrin 3.295

4 27.785 7.053 Trans 3-Hydroxycinnamicacid 0,654

3 16.089 0.735 Chlorogenic acid 0,385

8 38.521 15.648 Trans-cinnamic acid 7,321

2 14.507 1.897 Catechin 2,329
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Conclusion 
 

      Taken together all the results obtained in our findings, 

halophytes and xerophytes originated from Tunisia could be a 

potential source of natural products and bioactive molecules 

which could be used as ingredients in the formulation of food 

supplements and pharmaceutical drugs for the treatments and 

prevention of obesity and its linked disorders. 
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