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Abstract
The present work aimed to evaluate the phytochemical composition and antioxidant activity of different parts of Myrtus communis L. (leaves, berries, seeds, and epicarp) from Tunisia. Total phenolics, flavonoids, tannins, and condensed tannins were quantified, and antioxidant activity was assessed using the DPPH radical scavenging assay. The results revealed significant variations in phenolic content among the different aqueous extracts. All parts exhibited notable antioxidant potential, with seed and leaf extracts showing the highest activity. These findings highlight the potential of Myrtus communis extracts as natural alternatives to synthetic antioxidants and as promising ingredients in the development of functional foods.	Comment by orj: Please, species in italic.	Comment by orj: Please, add a few key results (values) that allow you to draw a conclusion
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Introduction 
Bioactive compounds present in edible plants play a fundamental role in maintaining human health. Especially, aromatic medicinal plants, recognized as functional foods, stand out for their ability to satisfy nutritional needs while offering an exceptional richness in bioactive molecules. These plants combine nutritional properties and therapeutic benefits thus contributing to the prevention of diseases and the support of general well-being (Yu,M., Gouvinhas et al., 2021; Al-Snafi, A.E., et al., 2024)	Comment by orj: Which ones ?	Comment by orj: Please, use the guide for authors to harmonize these citations.
Among these plants, Myrtus Communis is one of the most important medicinal aromatic species of the Myrtaceae family, is native to the Mediterranean region, where it is widely distributed in North Africa, Southern Europe and the Middle East.  Although, it is, also present in Australia, South America (Alipouret al.2014, jabri et al., 2018, Gaber et al., 2021). The plant typically grows spontaneously as a small tree or shrub to height of 1 to 2.5 meters, characterized by dense dark green and small leaves, flowers are starry, berry fruits are small and can be white-yellow or blue-black and containing several seeds inside (Shahbazian, D., et al., 2025; Vega, E.N., et al., 2025)	Comment by orj: Split it to two sentences.
Check for the Asian side too !
Myrtus Communisis particularly distinguished by its abundance of secondary metabolites mainly contains phenolic compounds present in all parts of the plant, especially the dark blue fruit of this plant. These secondary metabolites contribute to its medicinal properties (HayedehGorjian ,Nader GhaffariKhaligh, 2023). In recent years, studies on these natural phenolic compounds hashave been increased due to their impact on the diversity of biological activities and therapeutic benefits on human health. These polyphenols play a crucial role in preventing neurodegenerative diseases by mitigating oxidative stress (Tavan et al., 2024). Bioactive compounds found in Myrtus Communis contribute to various biological effects including antioxidant, antimicrobial, anti-inflammatory activities, reduction of COVID-19 symptoms, antihypertensive, antireflux, antiulcer, antidiarrheal, antidiabetic, neuroprotective (Giampieri,F et al., 2020, Gorjian, H and Khalligh,N 2023; Ertik, O., et al., 2025; Dessi, D et al., 2025).	Comment by orj: Use the guide for authors.
The present study aimed to evaluate the phytochemical profile and bioactive potential particularly the antioxidant activity of different parts of Myrtus Communis(Figure 1) plant collected from Northwest of Tunisia.	Comment by orj: There are many studies on this plant, even if they are in other areas. Therefore, data limitations for the country indicated and the need to conduct such a study should be considered.
Material and Methods
Plant material	Comment by orj: Figure1 quotation ?
The leaves and mature berries were collected from 5 to 10 plants of Myrtus communis growing wild in Melloula of Tabarka region (Northwestof Tunisia- Jendouda;Latitude 36° 56’ 1ʺ N, Longitude 8° 41’ 24 ʺ E, Altitude 269 m) in October 2023. The seed and pericarp were manually isolated from the whole Myrtle fruit. After drying in ambient air and being protected from light, samples from each plant part were crushed and stored in vials until further analysis.
Preparation extract of Myrtus communis
For each part of plant, a portion of powder (1 g) was macerated in 20 mLl of distilled water for 24 h. The macerated extracts were filtered through Whatman filter paper, and concentrated to dryness using an evaporator at 45 °C. The dried extracts were then redissolved in distilled water and stored at 4°C until analysis.	Comment by orj: Harmonizes spaces between units and numerical values.
Extraction yield
Extraction yield was calculated using the formula given by Falleh et al., (2008):
	Comment by orj: In equatin.
Me: Extract mass after evaporation (g)
Md: Sample dry extract (g)
Phenolic compounds determination 
Total phenol
Total phenol content werewas determined using the Folin-Ciocalteu method  according of Singleton et al. (), diluted extract (500 µLl  ) was added to  500 µLl of Folin-Ciocalteu reagent (10%) and 1 mL of an aqueous solution of sodium carbonate Na2CO3 (7.5%)  and the mixture was stirred rigorously. After incubating in the dark for 1 h, the absorbance was measured at 760 nm. Total phenolic content was expressed, as mg gallic acid equivalents per gram of dry matter (mg GAE/ g DM).	Comment by orj: Detail for standard curve ?
Equation ?
Total flavonoid
Total flavonoid content werewas determined according to the method of Yi et al. (), 1 mLl of diluted aqueous extract, was mixed with 1 mLl of methanolic solution 2% of aluminum chloride AlCl3. After incubation for 15 min, the absorbance was measured at 430 nm. The total flavonoids content were expressed as milligrams of quercetin equivalents per gram dry matter (mg QE/g DM).	Comment by orj: Detail for standard curve ?
Equation ?
Total tannins  
Total tannin contents were determined using the procedure reported by Kujala et al. (), 0.5 mLl of extract mixed with 500 µuLl of Folin-Ciocalteu reagent (50%) and 1 mLl of Na2CO3 (20%). The absorbance was measured at 730 nm, and total tannin (TT) content was expressed as mg tannic acid equivalent per g of dry matter (mg TAE /g DM).	Comment by orj: Detail for standard curve ?
Equation ?
Tannin condensed 
Condensed tannin contents were determined according to Price et al. () using the vanillin method in an acid medium. To 50 µLl of diluted aqueous extract, 3 mLl of vanillin solution (4% in methanol) and 1.,5 mLl of concentrated H2SO4 was vortexed and incubated in the dark for 15 min the absorbance was measured at 550 nm. Total condensed tannin contents were expressed as milligrams of catechin equivalent per gram dry matter (mg CE / g DM).	Comment by orj: Year ?	Comment by orj: Detail for standard curve ?
Equation ?
Free radical scavenging activity on DPPH
The DPPH scavenging  activity of Myrtus communis extracts were tested according to the method described by Ammar et al. (), 1 mLl of various concentrations of aqueous extract was added to 1 mLl of 0.,06 mM DPPH methanolic solution (2.,4 mg / 100 mLl). A negative control also was prepared; 1 mLl of distilled water was mixed with 1 mLl of the DPPH solution. The  reference molecule was used; ascorbic acid. After 30 min, incubation in the dark at room temperature, the optic density was read at 517 nm. 	Comment by orj: Year ?	Comment by orj: Why many sentences are nominals ?
The antioxidant activity (%) was evaluated using the following equation:  

All samples were analyzed in three technical replicates. 
The results are expressed as IC50 (µg / mLl) values which correspond to the extract concentration required for the inhibition of 50% of the DPPH radical.
Statistical analysis
All samples were analyzed in three technical replicates and represented by mean values ± standard deviation. Statistical analyses were performed using IBM SPSS statistical software version 23.0. Data were analyzed using one way analysis of variance (ANOVA), followed by the Duncan test with significant level set at p < 0.,05 to establish the significance of differences between samples.
Results and discussion
Extraction yield
The extraction yields of the different aqueous fractions of Myrtus communis expressed as a percentage by mass in relation to dry plant matter (%) are shown in Figure 2.
The values varies significantly (p<0, 05) from one part of the myrtle plant to another. The highest yield was obtained from aqueous extract of the epicarp (33., 13 ± 2., 6 %), followed by the leaves (22., 1 ± 2., 53 %) and berries (23., 8 ± 2., 12 %), with no significant difference between the latter two (p > 0., 05). The lowest yield was recorded for the seeds extract (12., 8 ± 1., 63 %).
The extraction yield obtained in this study are higher than those reported by Salim et al. (2024), Bouchenak et al. (2020), and Stambouli-Essassi et al. (2025), who recorded yields of 12., 2% for the methanolic extract of myrtle fruit from Morocco, 4. 4% for the ethanol extract of myrtle leaves collected in the Boumerdes region of Algeria, and 14, 89% and 15, 83% for methanolic extract of Tunisia myrtle berries and leaves, respectively. This variability in extraction yield can be attributed to several factors, including the extraction method, the type of solvent used, time extraction and the physiological characteristics of the plant material (e.g., maturity stage, storage conditions, and geographical origin) ( Mienkovic, A., 2025).
Total polyphenols, flavonoids, tannins, condensed tannins
The present study reveals a notable abundance of phenolic compounds in Myrtle plant, in agreement with several previous finding. These constituents, belonging to a key group of bioactive secondary metabolites, are implicated in a range of physiological functions and are known to confer notable therapeutic advantages relevant to human health (Tavan et al., 2024; Alvarez-Leite J.I, 2025). As summarized in Table 1, total polyphenol quantification revealed significant difference (p < 0., 05) between the plant fractions, with the highest content recorded in the leaves (248., 65 ± 0., 94 mg GAE / g DM), followed by seeds (161., 62 ± 4., 68 mg GAE / g DM), fruits (119., 35 ± 0.,38 mg GAE / g DM), and epicarp (93., 26 ± 5., 87 mg GAE / g DM). These results confirm the notable polyphenolic richness of Myrtus communis.
Compared to earlier studies, the total phenolic content of myrtle was shown vary widely. In leaves reported values ranged from 13., 25 to 435., 37 mg GAE / g DM, while in fruits berries they varied from 14., 68 to 138., 21 mg GAE / g DM, and in seeds from 25., 25 to 147., 56 mg GAE / g DM. These values were obtained from samples collected in various regions, including Tunisia (AidiWannes, 2013; Stambouli-Essassi, S., et al., 2025), Iraq (Al-Snafi et al., 2024), Turkey (Guzelmeric et al., 2022) and Iran (Hosseinzadeh et al., 2011; Shahbazian, D et al., 2025; Stambouli-Essassi, S., et al., 2025).
The elevated polyphenol concentration in myrtle leaves may reflect their critical role in protecting against abiotic stressors such aus UV radiation and drought, given their exposure and functional need for protective metabolites (Nurzynska-Wierdak, R., 2023).
Concerning flavonoid compounds, their content varied significantly between the different parts of the myrtle plant (p < 0., 05). The highest flavonoid content was found in the aqueous leaf extract, with a concentration of 114., 07 ± 1., 57 mg EQ/ g DM, followed by the fruit berry and epicarp extracts, which contained 97., 59 ± 4.,83 mg EQ / g DM and 73., 68 ± 1.,49 mg EQ / g DM, respectively. In contrast, the seed extract showed the lowest concentration, with only 4., 13 ± 0., 26 mg EQ/ g DM.
This distribution of flavonoids is in accordance with values reported in previous studies, which reported flavonoid contents ranging from 16.,2 to 376., 82 mg EQ / g DM for leaves, 18.,8 to 158., 94 mg EQ / g DM for berries fruits and 0., 75 to 85. , 06 mg  EQ / g DM for seeds. (Snoussi, A et al., 2012).
Furthermore, tannins quantification revealed a variable distribution across the different analyzed fractions. The aqueous seed extract exhibited the highest total tannins content (42., 17 ± 0., 19 mg EAT/ g DM), despite having a relatively low condensed tannins content 4., 47 ± 0., 19 mg CE / g DM, suggesting a predominance of hydrolysable tannins. In contrast, the leaf extract displayed a slightly lower total tannins content (36., 16 ± 4., 12 mg EAT/ g DM) but markedly higher level of condensed tannins (22., 81 ± 0., 51 mg CE / g DM). Fruit and epicarp showed lower tannins concentration, with the fruit containing 11.,30 ±  0.,10 mg EAT/g DM  (6.,51  ±  0.,17 mg CE/g DM  ) and the epicarp 9.,83  ±  0.,14 mg EAT / g DM ( 5., 68 ± 0.,36 mg CE/g DM ); difference in total tannins were not significant ( p > 0.,05). These compositional differences have direct implications for sensory properties such as astringency and bitterness (Ma, W., et al., 2014). These findings are consistent with those of AidiWannes&Marzouk (2016), who observed higher tannins levels in myrtle seed extracts than in the whole fruit, though the current the higher levels recorded in this study could result from differences in solvent type and the parameters applied during extraction ( Mahmoudi, S., et al 2012). These results align with those reported by D’Urso, G., et al. (2017) and Franco et al. (2019), who emphasized the predominance of hydrolysable tannins in the seeds of myrtle. 	Comment by orj: Which ones ?
Regarding the phytochemical composition of the epicarp, only a few studies have investigated the phytochemical profile of myrtle epicarp. Wannes et al. (2012) reported 2., 76 mg GAE / g DM of total polyphenols, 0.,79 mg GAE / g DM of tannins and 1.,33 mg GAE / g DM of flavonoids in this fraction. These contents are considerably lower than those obtained in this present study.
Our results corroborate the findings of Snoussi et al. (2012), who confirmed that the distribution of phenolic compounds in myrtles varies depending on the plant organ. The observed difference areis also closely related to their specific morphological and physiological roles of each part (Babou et al., 2016 Hazrati, S., et al., 2022). Also, these variations likely attributable to multiple factors, including environmental conditions (temperature, drought, altitude), geographical origin, plant maturity stage and extraction techniques (Ebrahimi et al., 2008; Sridhar et al., 2024; Silvia medda et al., 2021; DonyaShahbazian et al., 2025).
Antioxidant activity, IC50
The free radical scavenging activity of extract obtained from different parts of Myrtus communis, along with the standard (ascorbic acid), is presented as mean inhibition percentages in Figure 3. All samples have demonstrated the ability to reduce DPPH radical, with an increase in the percentage of inhibition as a function of the concentration of each extract. Compared to ascorbic acid, the myrtle seed and leaf extracts showed the highest DPPH radical scavenging capacity at a concentration of 10 µg/mLl, with respective inhibition percentages of 92.,92% , 86.,9% and 90.,02 %. In contrast, the berry and the epicarp extracts showed lower inhibition rates, at 28% and 10%, respectively.
Based on the IC50 values, which represent the concentration required to inhibit 50% of free radicals, the antioxidant capacity of the different aqueous extract of myrtle part was evaluated and summarized in Table 2. The leaf extract showed the highest DPPDH scavenging activity, with the lowest IC50 value (2., 48 ± 0., 04 µg/mLl), followed by the seed extract (4., 13 ± 0., 1 µg / mLl). Statistically, there was no significant difference (p > 0., 05) between the antioxidant activities of the leaf and seed extracts. Both extracts showed higher antioxidant capacities than the reference standard ascorbic acid (IC50 = 5., 05 ± 0 µg / mLl). This correlates with their higher polyphenol contents. The fruit and epicarp extracts showed a significant difference in their antioxidantsantioxidant’s activities (p < 0., 05), with IC50 values of 12., 8 µg/ml and 49., 15 µg / mLl, respectively. The epicarp showed the lowest antioxidant activity, which could be attributed to its lower phenolic content. These results corroborate previous studies, which demonstrated that all parts of Myrtus communis plant exhibit high antioxidant activity (Stambouli et al., 2025; Salim, N., 2024; Putra, N.R., 2025, Shahbazian, D., 2025).
This antioxidant behavior observed among the different plant parts in consistent with the distribution of bioactive compounds determined in this study. Leaves and seeds are particularly rich in redox active substances capable of donating electrons or hydrogen atoms to free radicals, there by inhibiting oxidative process (Moussa, H., et al., 2020). Their antioxidant potential can also be attributed to the synergic effect between different classes of compounds (tannins, flavonoids and phenolic acid), as previously reported by Shan et al. (2005) and Ouamnina et al. (2024).
In summary, all different parts of myrtle plant exhibit high phenolic content and antioxidant capacities, supporting their valorization in natural formulations intended for oxidative protection in food systems or nutritional applications. These findings highlight the potential of these extracts as alternatives to synthetic antioxidants.

Conclusion
The present study highlights the richness and variation of phenolic compounds in the different parts of Tunisian myrtle plant. The leaves showed the highest content of phenolic compounds with predominance of flavonoids, while the seeds were particularly rich in tannins. Similarly, the berries myrtle and the pericarp also exhibited a notable abundance of phenolic compounds. These bioactive compounds confer a strong antioxidant potential to these parts. The results suggest the potential use these plant parts as ingredients in the formulation of functional foods or as natural additives in the food industry.
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Table 1: Contents of phenolic compound of various extract of Myrtus communis L.
	Parameters
	TP (mg GAE/gDM)
	TF (mg QE/g DM)
	TT (mg TAE/g DM)
	CT (mg CE/g DM)

	Leaves
	248,65 ± 0,93d
	114,06 ± 1,57d
	36,16 ± 4,12b
	22,81 ± 0,51d

	Fruits
	119,35 ± 0,37b
	97,59 ± 4,83c
	11,3 ± 0,1a
	6,5 ± 0,17c

	Seeds
	161,62 ± 4,68c
	4,13 ± 0,26a
	42,17 ± 0,2c
	4,47 ± 0,18a

	Epicarp
	93,26 ± 5,86a	Comment by orj: This MS need language editing !
	73,67 ± 1,5 b
	9,82 ± 0,14a
	5,68 ± 0,35b


LegendAbbreviations : Total phenols (TP) ; Total Flavonoids (TF) ; Total tannins (TT) ; Condensed tannins (CT) ;Gallic acid equivalents (GAE) ;Quercetin equivalents (QE) ; Tannic acid equivalents (TAE) ; Dry matter (DM). 	Comment by orj: Check the guide for authors.
Data are expressed as mean ± standard deviation of three experiments. Mean values with    different lowercase letters (a, b, c, d) indicate a significant difference between the difference samples.



Table 2:Concentration2: Concentration of 50% Inhibition of DPPH Free Radicals (IC50) of Myrtus communis L. aqueous extract compared to Reference Molecule.
	Extracts 	Comment by orj: This MS need language editing !
	IC50 (µg /ml)

	Leaves
	2,48± 0,04a

	Fruits
	12,8± 0,08b

	Seeds
	4,13± 0,1 a

	Epicarp
	49,15± 0,55c

	Ascorbic Acid
	5,05± 0a


Data are expressed as mean ± standard deviation of three experiments. Mean values with    different lowercase letters (a, b, c, d) indicate a significant difference between the difference samples.
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Figure 1. Different parts of Myrtus cCommunis L. 

	Comment by orj: Adds titles to the axes.
Figure 2. Histogram of extraction yields from different parts of Myrtus communis L.
Data are expressed as mean ± standard deviation of three experiments. Mean values with    different lowercase letters (a, b, c, d) indicate a significant difference between the difference samples.
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DPPH inhibition (%) 
)	Comment by orj: The results obtained with ascorbic acid cast doubt on your analyses. Normally, ascorbic acid has concentration-dependent activity, which is why it is used as a reference. Here, we see no logic, only random inhibitions.
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Figure 3. Antioxidant activity of ascorbic acid, (a) Leaf (b) Berry fruit (c) Seed (d) Epicarp, aqueous extract.  	Comment by orj: All figures should be in same page.


Yield extraction (%)
EY (%)	b
b
a
c

2.5316809303965067	2.1281917206868415	1.6389935936421474	2.5599283844149507	2.5316809303965067	2.1281917206868415	1.6389935936421474	2.5599283844149507	leaves	Fruit	Seed 	Epicarp	22.098333333333276	23.88	12.82	33.136666666666578	


AA	
0	5	10	15	20	25	0	66.7	92.9	93.75	95.42	96.25	Feuille	
0	2.7	5.5	11	13.2	16.5	0	76.86999999999999	87.86	88.9	91.7	92.5	



Fruit	
0	5.9700000000000024	7.17	12	14.33	18	0	34	36.61	48.21	55.06	62.4	AA	
0	5	10	15	20	25	0	66.7	92.9	93.75	95.42	96.25	



AA	
0	5	10	15	20	25	0	66.7	92.9	93.75	95.42	96.25	Pépin	y = 9,7791x + 9,6913
R² = 0,9316
0	1.25	3	6.13	7.35	9.19	0	20.93	48.61	79.66	85.32	86.88	



AA	
0	5	10	15	20	25	0	66.7	92.9	93.75	95.42	96.25	Epicarpe	
0	25.4	50.8	112.9	145.19999999999999	169.4	0	50.9	66.599999999999994	93.7	95.3	97.54	
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