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Abstract: The aim of this study was the determination of the effect of 

growing area on chemical properties and antioxidant activity of Sea 

Fennel growing wild in Tunisia.  The work was conducted on methanol 

extract of plants collected from five different sites located in North of 

Tunisia. Total phenols, flavonoids and tannins content was conducted 

according to spectrophotometric methods. The antioxidant activity was 

test using DPPH assay. Results of polyphenolic, flavonoids, tannins and 

antioxidant activity showed significant differences between the sites 

studied. Total polyphenolic content ranged from 0.41 to 1.16 g 

GAE/ml. The values of flavonoids content varied between 0.59 and 

2.03 mg RE/ml. The determination of tannins allowed to classify the 

sites in the following decreasing order: Monastir (2.59 mg EC/g DM), 

Cap Negro (1.81 mg EC/g DM), Bizerte (0.82 mg EC/g DM) Haouaria 

(0.77 mg EC/g DM) and Tabarka (0.7 mg EC/g DM). The site of 

Tabarka holds the most relevant antioxidant activity with a rate of 

55.81%. 

 

1. Introduction 

   In the plant world, phenolic compounds are secondary metabolites mainly known for their 

antioxidant properties (Nurzyńska-Wierdak, 2023; Fekkar et al. 2020; Elmsellem et al. 2019). They 

constitute a large group of more than 8,000 different compounds which are present in almost all plants, 

in various parts, such as the roots, the leaves, flowers, fruits and seeds, and they protect plants 

particularly against parasites and UV rays (Wang et al. 2016). Their distribution at the tissue level is 

not uniform. In addition, their concentration and the proportion of each of these polyphenols in plants 

are affected by multiple conditions (maturity at the time of harvest, soil type, sun exposure, 

temperature, humidity, etc.) (Baiano and Del Nobile, 2015). Several plants were reported to be 

important source of natural antioxidants (Elbouzidi et al., 2024; Bouslamti et al. 2020; Lourenço et al. 

2019).  
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Crithmum maritimum, commonly known as Sea Fennel, is one of these antioxidant rich plants. It is an 

edible halophyte with various economic interests because of its high secondary metabolite content. 

Numerous studies investigated the nutritional value of sea fennel as it is considered as a natural and 

health-promoting food ingredients (Kraouia et al. 2023; Pereira et al. 2017; Alema et al. 2018). Several 

studies reported that Sea fennel is rich in various bioactive compounds such as phenolic compounds 

(Houta et al., 2011; Mekinić et al. 2018; Politeo et al. 2023). 

 

Photo : Crithmum maritimum 

 The biological properties of this plant were also studied. Sea Fennel was reported to have antioxidant 

(Wang et al. 2016; Baiano and Del Nobile, 2015), antibacterial (Amoruso, et al. 2022; Souid et al. 

2022), antifungal (Nabet et al. 2016), cytotoxic (Aleman et al. 2018), anticancer (Chen et al. 2021), 

anti-inflammatory (Aleman et al. 2018) and antimutagenic (Souid et al. 2022), properties.  

       In this study, we investigated the effect of growing area on chemical properties and antioxidant 

activity of Sea Fennel growing wild in Tunisia.   
 

2. Methodology 

2.1 Plant material and extract preparation 

Plants of Crithmum maritimum were collected from five different sites located in North of Tunisia 

during October 2022 (Table 1). Whole plants were dried at 40°C and then ground.  5 g of the obtained 

powder was soaked in 20 ml of solvent (methanol 80%) for 24 hours with intermittent shaking. The 

extracts were filtered through Whatman filter paper into pill vials. The obtained filtrates were used for 

the experiments. 
 

2.2 Determination of total polyphenolic compounds 

    The total phenols content was determined by Folin Ciocalteu method (Singleton and Rossi, 1965). 

Briefly, 2.5 ml of Folin-Ciocalteu reagent (1:10 diluted with distilled water) was added to 2 ml of 7.5% 

sodium carbonate and 0.5 ml of Sea Fennel extracts. The mixtures were allowed to stand for 30 min 
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and the total phenols were determined by colorimetry at 765 nm. The standard curve was prepared 

using 0, 0.03, 0.06, 0.12, 0.25 and 0.5 g/L solutions of gallic acid. The content of phenolics was 

expressed in mg of gallic acid per mL of extract (mg GAE/g DM). 

 

Table 1.  Geographic characterization of the sites of Crithmum maritimum samples 

Site Latitude (N) Longitude (E) Altitude (m) 

Bizerte 37.2744 9.8738 9 

Tabarka 36.9644 8.7619 2 

Cap Negro 37,1039 8,9819 0 

Monastir 35.6667 10.8333 20 

Haouaria 37.0534 11.0117 28 

 

2.3 Determination of flavonoids content 

 The total flavonoid content of crude extract was determined by the aluminium chloride colorimetric 

method (Quettier Deleu et al. 2000). 1 ml of diluted sample was mixed with 1 ml of 2% aluminum 

chloride methanolic solution. The mixture was allowed to stand for 15 min, and absorbance was 

measured at 430 nm. The total flavonoid content was calculated from a calibration curve, and the result 

was expressed as mg of rutin equivalent per mL of extract (mg RE/g DM). 

2.4 Determination of condensed tannins 

     The method described by Broadhurst and Jones (1978) was used to determine the total condensed 

tannin content in Sea Fennel plants. 0.5 ml of the extract was mixed with 3 ml of vanillin (4% in 

methanol) and 1.5 ml of Hydrochloric acid. After incubation for 15 min at 20°C in the dark, the 

absorbance was read at 500 nm. The condensed tannin content was calculated from a calibration curve 

prepared with a solution of catechin (30 ppm). The results were expressed in mg of catechin equivalent 

per mL of juice (mg CE/g DM). 

2.5 Free radical scavenging activity 

      The antioxidant capacity of the studied samples was determined applying the DPPH assay. The 

DPPH radical scavenging capacity was measured according to by Brand-Williams et al. (1995). 5 μl 

of the extracts was mixed with 5 ml of DPPH solution (0.004%, in ethanol). The reaction mixture was 

incubated for 30 min at room temperature and the absorbance was read at 517 nm against a blank. The 

radical scavenging activity was calculated using the following formula: 

Scavenging effect (%) = ((1-DO sample)/DO control)) × 100 

2.6 Statistical analysis 

     The statistical analysis was done with the GLM procedure (General Linear Models) of the SAS 

(9.0) program. Correlations were performed by SPSS.20 program. 

3. Results and Discussion 

Results of polyphenolic, flavonoids, tannins and antioxidant activity are summarized in Table 2. 

Statistical analysis showed significant differences between the sites studied. Total polyphenolic content 
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ranged from 0.41 to 1.16 mg GAE/g DM. The highest amount of polyphenols was recorded by plants 

harvested from Monastir site although the lowest value was determined for Tabarka site. Concerning 

flavonoids, the values vary between 0.59 and 2.03 mg RE/g DM. Cap Negro is in the lead with a value 

of 2.03 mg RE/g DM and Tabarka holds the lowest value. The determination of tannins allowed to 

classify the sites in the following decreasing order: Monastir (2.59 mg EC/g DM), Cap Negro (1.81 

mg EC/g DM), Bizerte (0.82 mg EC/g DM) Haouaria (0.77 mg EC/g DM) and Tabarka (0.7 mg EC/g 

DM). Concerning the antioxidant activity, the site of Tabarka holds the most relevant result with a rate 

of 55.81%. For the remaining sites, the values are: 51.8% for Cap Negro, 51.03% for Bizerte, 34.62% 

for Haouaria and 28.55% for Monastir. 

The results of total polyphenols, flavonoids and tannins content found in our study are different from 

those determined, in other studies, for Tunisian Sea Fennel. Houta et al. (2015) demonstrated that Sea 

Fennel extracts contained higher amount of phenols and similar amounts of flavonoids and tannins 

when compared with our findings. Houta et al. (2015) worked on cultivated Sea Fennel plants, while 

our study was carried out on wild Sea Fennel plants. Several studies highlighted that the total 

polyphenols and antioxidant activities are higher in the wild plants compared to the cultivated plants 

(Disciglio et al., 2017; Goławska et al., 2023). It is well known that phenol content varies widely in 

plants depending on several factors such as the species, the physiological stage, and the growing area 

(the soil composition and the growth environment). It is also known that plants synthesize a greater 

amount of these secondary compounds when they are exposed to several types of stress (water, saline, 

thermal, and nutritional) (European Commission, 2002), and wild plants would generally be subjected 

to more stress than cultivated plants.  

Table 2.  Total phenols, flavonoids, tannins and antioxidant activity of Sea Fennel extracts 

Sites 
Polyphenols 

(mg GAE/g DM) 

Flavonoids 

(mg RE/g DM) 

Tannins 

(mg CE/g DM) 

Antioxidant Activity 

(%) 

Bizerte 0.44 0.77 0.82 51.03 

Tabarka 0.41 0.59 0.7 55.81 

Cap Negro 0.68 2.03 0.77 51.8 

Monastir 1.16 1.82 2.59 28.55 

Haouaria 0.56 1.29 0.77 34.62 

 

Sea Fennel extracts exhibited high antioxidant activity. These findings are in accordance with those 

reported by Pedreiro et al. (2023) and by Meot-Duros and Magne (2009).  

The role of antioxidants is widely shown in protection against certain diseases due to their possible 

interaction with many enzymes and their antioxidant properties. Specifically, flavonoids are attributed 

varied properties: anti-tumor, anti-inflammatory, analgesic, anti-allergic, antispasmodic, antibacterial, 

hepatoprotective, estrogenic and/or anti-estrogenic. They are also known to modulate the activity of 

several enzymes or cellular receptors. Flavonoids promote vascular relaxation and prevent the 

clumping of blood platelets. Therefore, they reduce the clotting of the blood and making it more fluid. 

They limit the oxidation of blood lipids and contribute to the fight against atherosclerotic plaques. They 

are also anxiolytic and protect our arteries against atherosclerosis and reduces thrombosis (Sannomiya 

et al. 2005; Ito et al. 2005; De Barros et al. 2008; Win et al. 2008; Gurbuz et al. 2009).  

Significant differences in the chemical profile were recorded between the studied sites. The variations 

observed are probably due to numerous factors, notably the climatic and environmental factors 
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(temperature, altitude, sunshine and precipitation), the geographical area, drought and diseases 

(Ebrahimi et al., 2008; Andarwulan et al., 2010), the period of samples collection and the stage of 

development of the plant (Miliauskas et al., 2004; Laita et al., 2024). 

Conclusion  

The methanol extract of C. maritimum showed important amounts of phenolic compounds. The 

percentage of the different compounds differs from one collection site to another. The antioxidant test 

revealed that the extracts from the five studied sites exhibit significant anti-radical activity. Therefore, 

other studies are needed to identify the phenolic compounds responsible of the antioxidant activity of 

the Sea Fennel, and evaluate how phenolic substances contribute to this activity. 
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