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Abstract:  
 

Myrtus Communis L. (Myrtle) is a medicinal and aromatic plant widely distributed 

throughout the Mediterranean area and traditionally used for therapeutic and 

pharmaceutical purposes, also culinary. The present study aims to investigate the 

phytochemical characteristics and biological potential of wild Myrtus Communis L. 

harvested from the mountainous region of Tifra (Wilaya of Bejaia, Algeria) at an 

altitude of 432 m. Ethnobotanical surveys carried out in six region of North-East 

Algeria (𝑛 = 600 per station) showed that myrtle is mainly used in therapeutic 

purposes (63.93%) especially for gastric pathologies and rheumatism. The essential oils 

(EO) were extracted from the dried leaves with maximum EO content of (0.57%) by 

means of conventional hydrodistillation (HD) with an optimum extraction window of 

100 and 250min.Histological analysis revealed typical schizogenous secretory cavities 

located just below the foliar epidermis. Optimization of polyphenol extraction provided 

a superior yield by maceration (average: 29%). Moreover, the aqueous extraction 

showed notable DPPH radical-scavenging activity with an 𝐼𝐶50 of 0.59 mg/ml. Finally, 

natural food-grade aromas and stable fruit-derived colorants were successfully isolated 

and preserved up to 4 months, showing the high potential of Algerian Myrtus 

Communis L. as a safe additive in the agro-industrial and pharmaceutical industries.  

 

1. Introduction 

 
The global food, cosmetic and pharmaceutical 

industries are witnessing a paradigm shift, driven 

by the consumer demand for ‘clean label’ 

formulations and the systemic phase out of 

synthetic chemical additives [1, 2]. The use of 

traditional synthetic preservatives and artificial 

coloring matrices, such as petroleum-derived azo 

dyes or heavy metal oxide carriers (e.g. lead or 

chromium complexes), have faced increased 

restrictions because of documented risks related to 

allergenicity, cellular cytotoxicity and long-term 

carcinogenic potential [3-5]. Therefore, the 

emphasis has been shifted to the wild flora of the 

mediterranean basin as an underexploited bio-

refinery for stable, bioactive secondary metabolites 

that can impart color, aroma and preservation at the 

same time [6-8]. Myrtus communis L. (Myrtle, 

locally called Rihan in North Africa) is an  

 

emblematic sclerophyllous phanerophyte of the 

traditional Mediterranean medicine [9, 10] 

belonging to the Myrtaceae family. It flourishes in 

the semi-arid coastal and mountainous maquis 

ecosystem developing specialized secondary 

pathways to survive extreme solar radiation and 

thermal stress [11, 12]. Previous phytochemical 

profiling revealed that biological efficacy of myrtle 

is highly dependent on eco-geographical 

parameters, soil mineral composition and altitude, 

leading to different micro-chemotypes dominated 

by monoterpenes (α-pinene,1,8-cineole), 

sesquiterpenes and complex hydrolysable tannins 

[13-15].Despite the numerous studies focusing on 

the individual components of Algerian myrtle, few 

studies have established an all-in-one valorization 

workflow from the absolute socio-botanical 

footprint and anatomical storage mechanisms to the 

advanced extraction dynamics of a single wild 

population [16, 17]. Furthermore, the optimization 
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of the extraction curve, in order to reach the 

maximum yield without structural collapse because 

of the heat, is a critical bottleneck for industrial 

scalability [18, 19]. This study is a systematic 

evaluation of wild Myrtus communis L. harvested 

from the mountainous enclave of Tifra (Wilaya of 

Bejaia, Algeria) at 432 m elevation. This research 

aligns with its performance as a resilient, self-stable 

natural food pigment and sensory aroma matrix, its 

regional ethnobotanical mapping, foliar tissue 

architecture, hydrodistillation yield kinetics and 

optimized polyphenol recovery. 

1. Materials and Methods:  

 

1.1 Plant Sampling and Pre-treatment:   

Wild vegetative structures and mature drupes of 

Myrtus communis L. were collected on October 11, 

2016, under controlled ambient conditions, in an 

uncultivated mountain ecosystem in the commune 

of Tifra, district of Sidi Aich, Wilaya of Bejaia, 

Algeria (Latitude: 36°43' N, Longitude: 4°41' E; 

Elevation: 432 m). Taxonomic validation was 

carried out at the botanical observatory of the 

National Institute of Agronomy (ENSA, El 

Harrach, Algiers) by comparison with regional 

reference herbaria [20, 21]. The leaf structures were 

naturally shade dried under controlled room 

temperature (22±2°C) for a specific period of 20 

days until mass equilibrium was achieved to avoid 

direct degradation of surface terpenes by UV light 

[22]. In order to preserve the anthocyanin 

composition prior to subsequent pigment 

extraction, a distinct portion of healthy, undamaged 

fruits was harvested also preserved according to 

specific cryopreservation protocols with uniform 

storage conditions between 0°C and -3°C [23].  

 

Figure 1. Morphology of the aerial organs of Myrtus 

communis L. (Tuberoso et al., 2010; Migliore, 2011).a: 

flowering stage, b: leaves, c: seeds, d: fruiting stage. 

1.1 Ethnobotanical Field Survey at the Macro-

Scale:  

Six specific bioclimatic sites in North-East Algeria 

were the subject of an organized, extensive socio-

botanical field survey: Annaba, El Kala, El Tarf, 

Jijel, Skikda, and Bejaia. A thorough, pre-validated 

questionnaire procedure was used to interview a 

cohort of 600 native respondents at each 

geographical station (N total = 3,600) in order to 

guarantee statistical reliability and representative 

demographic stratification [24, 25]. Six operational 

ethnobotanical variables were carefully monitored 

during the field investigation: the primary domain 

of industrial/domestic utilization, the chosen 

anatomical part, the precise galenical preparation 

method, particular target organ pathologies, 

perceived toxicological side effects, and ancestral 

safety/toxicity baselines [26, 27]. 

1.2 Physico-Chemical Micro-Analysis and Foliar 

Histology:   

Free-hand transverse cross-sections of fresh Myrtus 

communis L. leaves were used to locate the 

essential oil storage mechanisms anatomically. 

Using Congo red to resolve cellulose cell-wall 

borders and methyl green to stain lignified support 

structures, sections were treated using the 

traditional Mirande double-staining histochemical 

method [28, 29]. To describe the structure of 

secretory pockets, prepared specimens were 

analyzed using bright-field optical microscopy at 

125× and 500× magnifications. In accordance with 

the European Pharmacopoeia's established 

procedures, baseline physical parameters such as 

cellular tissue pH, Relative Water Content (RWC), 

and crude leaf powder residual humidity were 

simultaneously measured [30]. Proximate 

biochemical structural fractionation was carried out 

strictly in accordance with standard AFNOR/ISO 

guidelines [31, 32]. This included total crude 

cellulose estimation, total lipid indexing via 

continuous 6-hour Soxhlet extraction using low-

boiling petroleum ether, and total organic nitrogen 

concentration evaluated via the traditional Kjeldahl 

digest method. 

1.3 Engineering for Extraction:  

1.3.1 Kinetic Modeling of Hydrodistillation 

Yield:  

A high-borosilicate glass distillation flask 

connected to a calibrated Clevenger-type apparatus 

held an exact quantity of 60 g of dried, size-

fractionated Myrtus communis L. leaves suspended 

in 650ml of deionized water. In order to create the 

mathematical mass-transfer extraction curve, the 

hydrodistillation extraction was carried out under 

uniform heat regulation, and volatile oil recovery 

was constantly recorded at predetermined time 

steps across an extended extraction window [33, 

34]. 1: Heating mantle, 2: Plant material-water mixture 

(leaves and distilled water), 3: Condenser,4: Cooling 

water inlet and outlet. 
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Figure 2. Clevenger-type hydrodistillation apparatus 

(Original, 2017). 

2.4.2 Optimization of Polyphenol Solid-Liquid 

Extraction: 

Using four solvent systems of different polarities 

pure distilled water, absolute methanol, analytical-

grade ethanol, and aqueous acetone the 

effectiveness of static maceration (ambient solid-

liquid extraction) and traditional decoction (high-

heat reflux) was compared in order to maximize 

phenolic extraction while minimizing thermal 

artifacts [35, 36]. The Folin-Ciocalteu test format 

was used to spectrophotometrically measure the 

total phenolic content of the crude extracts [37, 38].  

2.5 Functional Industrial Trials and Bio-Efficacy 

Evaluations:  

2.5.1 Radical Scavenging Kinetics (DPPH 

Assay): 

The ability of the adjusted aqueous leaf matrix to 

decrease the stable free radical 2,2-diphenyl-1-

picrylhydroxyl (DPPH) was used to gauge its 

antioxidant capability. Ultraviolet-visible (UV-Vis) 

spectrophotometry was used to measure the extract 

at a lambda max of 517 nm after serial dilutions of 

the extract were combined with a standardized 

methanolic DPPH solution and incubated in total 

darkness for 30 minutes [39, 40]. The Half-

Maximal Inhibitory Concentration (𝐼𝐶50) parameter 

was used to calculate and express the scavenging 

capability [41]. 

2.5.2 Shelf-Life Integration of Functional Food 

Additives: 
For investigating industrial viability, two different 

functional matrices were designed: 

1- Natural Food Aroma: To retain heat-sensitive top 

notes, fresh leaves are vacuum-distilled at low 

temperatures [42]. 

2- Natural Fruit-Derived Colorant: Stable 

anthocyanin-tannins are extracted from 

cryopreserved drupes using an acidified 

aqueous-ethanol solvent solution [43]. 

To assess color retention, odor preservation, and 

resistance to rancidity, both matrices were 

incorporated into standardized model food systems 

and observed under controlled ambient shelf 

settings throughout a 4-month preservation test 

window [44, 45]. 

 3. Results and Discussion: 

 3.1 Ethnobotanical Synthesis: 

A remarkable 98% community citation frequency 

index was obtained from statistical consolidation of 

the descriptive survey data, which revealed a 

remarkably high homogeneity in the cultural and 

traditional use of Myrtus communis L. across the 

six Northeast Algerian bioclimatic stations 

surveyed (Annaba, El Kala, El Tarf, Jijel, Skikda, 

and Bejaia) [46, 47]. This great degree of 

agreement demonstrates the plant's deeply 

ingrained ethno-pharmacological influence among 

the local population. Therapeutic and medicinal 

applications significantly dominate the landscape, 

accounting for 63.93% of all reported use patterns, 

according to quantitative distribution mapping 

analysis of the principal domain of use. The 

management of gastrointestinal diseases, acute anti-

diarrheal applications, rheumatism treatment, and 

the creation of anti-inflammatory poultices are the 

main focuses of this fundamental medicinal section 

[9, 25, 46]. On the other hand, cosmetic 

formulations constituted a specialized section at 

3.00%, while the culinary and spice application 

sector represented the second most popular 

category at 15.35%, showing its historical use as a 

functional food matrix.According to 72.40% of the 

responders, foliar organs were the most popular 

biomass when it came to choosing targeted plant 

anatomical parts. Native tribes have historically 

preferred leaf-based cures over mature berries 

(18.10%) or mixed anatomical composites (9.50%), 

which directly supports the upstream emphasis on 

leaf processing during extraction engineering [26, 

43, 47]. Analyzing the various galenical preparation 

methods further reveals this preference, with fluid-

based extracts more especially, aqueous infusions 

and hot decoctates predominating at 68.50% as 

opposed to the mechanical use of crude leaf powder 

at 31.50% [12, 24, 47]. This heavy reliance on 

heated aqueous preparations suggests that the 

solubility of highly polar, bioactive secondary 

metabolites is logically maximized by ancient 

traditions. These results show a clear link between 

advanced green chemical valorization and ancestral 

knowledge, providing a strong empirical basis for 

the ensuing laboratory focus on hydrodistillation 

kinetics and enhanced polyphenolic extraction 

procedures. 
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Figure 3. Distribution of diseases treated across the 

different study sites. 

 
Figure 4. Distribution of myrtle is used across different 

study sites. 

  3.2 Baselines for Foliar Micro-Anatomy and 

Proximate Composition: 

The highly adapted xerophytic tissue arrangement 

of Myrtus communis L. leaves was verified by 

histological tracking. A well-developed palisade 

parenchyma was covered by an unusually thick, 

protective waxy cuticle layer in transverse slices 

[28, 29]. There are noticeable schizogenous 

secretory cavities (secretory pockets) located just 

inside the sub-epidermal mesophyll area. These 

cavities are created when glandular cell walls are 

designed to separate, forming an internal storage 

lumen where volatile terpenoids build up [16, 

17].The proximate architectural composition of the 

raw leaf mass showed balanced cellular integrity 

profiles: a well-regulated tissue pH of 5.42 ± 0.15, 

a relative tissue water retention index of 64.20%, 

and a safe post-drying moisture ceiling of 8.15% ± 

0.34% which prevents microbial spoilage [30, 31]. 

The results of structural component testing showed 

a solid organic nitrogen content of 1.88%, 14.65% 

crude cellulose, and 4.12% total crude lipids, which 

are normal metabolic allocations for hardy wild 

Mediterranean evergreens [20, 32]. 

3.2 Baselines for Foliar Micro-Anatomy and 

Proximate Composition: 

 

The highly adapted xerophytic tissue arrangement 

of    Myrtus communis L. leaves was verified by 

histological tracking. 

 

Figure 5. Transverse section of a Myrtus communis leaf 

showing the different tissues observed under a light 

microscope (500× magnification) (Original, 2017). 

1: Spongy parenchyma; 2: Palisade parenchyma; 3: 

Secretory glands; 4: Epidermal cells. 

 

Figure 6. Essential Oil Yield During the 

Hydrodistillation of Myrtus communis L. Leaves 

Three different functioning zones are shown by the 

distillation kinetics: 

1. Initial Burst Phase (0–100 min): 
Desorption of free essential oil from broken 

surface glands. 

2. Interfacial Diffusion Phase (100–250 

min): Internal mass transfer where water 

vapor penetrates internal schizogenous 

cavities, yielding a peak oil value of 0.57%. 

3. Plateau Phase (>250 min): Exhaustion of 

intracellular volatile fractions [18, 33, 34]. 

Ambient maceration performed better than heat 

decoction when comparing solid-liquid extraction 

techniques for non-volatile fractions, producing a 

high polyphenol recovery yield of 29%. The overall 

antioxidant output was probably reduced by the 

structural thermal breakage of complex flavan-3-ols 

and thermolabile anthocyanin chains brought on by 

high-temperature boiling [35, 36, 38]. 

3.4 Stabilized Industrial Product Design and 

Radical Scavenging Performance: 

The optimized aqueous leaf extract showed strong 

free-radical trapping activity in the DPPH anti-

radical challenge, resulting in a computed IC50 

value of 0.59 mg/mL. Its high phenolic 

concentration's synergistic proton-donating activity, 

which neutralizes lipid-peroxyl radicals and breaks 
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oxidative cascade chains, is responsible for its 

excellent performance [37, 39, 41]. 

Industrial stability criteria were satisfied by the 

separated matrices' functional performance: 

 The Aroma of Vacuum Isolation Without the 

burnt notes that are frequently produced by 

conventional air thermal extraction, the 

additive maintained its volatile terpene matrix 

and its sensory profile [42, 45]. 

 During the four-month shelf-life stability test, 

the Crimson Fruit Pigment Solution maintained 

its color profile. The co-pigmentation effect of 

native condensed tannins, which combine with 

anthocyanin rings to block nucleophilic water 

attack and subsequent bleaching, is responsible 

for this stability [19, 23, 44]. 

 

Figure 7. Percentage of DPPH free radical inhibition as 

a function of the different concentrations used for the 

crude leaf extract of Myrtus communis L. 

3.5. Extraction Yields and Total Phenolic 

Content of Myrtus communis L.: 

 3.5.1. Influence of Extraction Methodologies 

and Solvent Polarities: 

 
Figure 8. Extraction yield of total polyphenols from 

Myrtus communis L. by decoction. 

The quantitative evaluation of total polyphenols 

recovered from the foliar structures of Myrtus 

communis L. demonstrates significant variations 

depending on the technological process applied 

(decoction versus maceration) and the chemical 

nature of the solvent utilized.Under the decoction 

extraction framework (Figure 8), analyzing the 

recovery profiles reveals that phenolic compounds 

exhibit a maximum affinity for methanol, which 

stands out as the most efficient solvent with an 

extraction yield peaking at 23.26%. Ethanol 

displays an intermediate yield of 17%, whereas 

acetone and pure distilled water prove to be 

considerably less effective, recording minimal and 

nearly identical yields of 10.08% and 10%, 

respectively. This extraction dynamic can be 

attributed to the dielectric constant and increased 

polarity of methanol under elevated temperatures, 

which actively promotes the solubilization of 

thermostable, polyhydroxyl structures. 

 

Figure 9: Extraction yield of total polyphenols from 

Myrtus communis L. 

Conversely, applying a passive maceration protocol 

at ambient room temperature (Figure 9) completely 

alters this hierarchy of solvent efficiency. Under 

these specific operating conditions, acetone 

emerges as the optimal solvent system, generating a 

maximum yield of 29.%. The aqueous and 

methanolic extractions rank lower, with respective 

yields of 17% and 12%, while ethanol records the 

lowest recovery rate at 10%.From a holistic 

perspective, the maceration method overall 

outperforms the thermal decoction process, 

achieving a grand average recovery rate of 17% 

compared to 15.07% for decoction. This divergence 

in intra-solvent and inter-process efficiency 

underscores the thermal sensitivity of certain 

phenolic fractions. Prolonged exposure to boiling 

reflux heat during decoction appears to induce 

thermal degradation or structural cleavage of 

thermolabile molecules, thereby limiting the final 

measurable yield. The fluctuations observed in this 

study align closely with the investigations 

conducted on Nitraria retusa[51], as well as the 

work on Tamarix aphylla [52]. However, these 

overall phenolic extract yields remain lower than 

those reported regarding Smilax excelsa[53], 

highlighting the critical impact of genotype, 

environmental stress, and edaphic conditions 

specific to the studied wild myrtle population. 

 3.5.2. Quantification of Total Phenolic Content 

and Comparative Literature Analysis:  

The absolute quantification of the total phenolic 

content, calculated per 100 g of dry matter (DM) of 

the M. communis leaf fractions, reveals a 
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concentration of 84 mg. To contextualize the 

valorization potential of this wild Bejaia population 

within the broader scientific literature of natural 

products, a rigorous comparative analysis is 

required.The phenolic concentration determined in 

this M. communis matrix (84 mg/100 g DM) is 

lower than the values documented for highly 

accumulating botanical matrices such as Aronia 

melanocarpa (Rosaceae), whose values range 

between 200 and 1000 mg/100 g DM, or Solanum 

aethiopicum L. (Solanaceae), which reaches up to 

750 mg/100 g DM [54].However, the foliar profile 

of this wild Algerian myrtle significantly 

outperforms the phenolic concentrations found in 

several commercially valuable small berries. For 

instance, its active concentrations are remarkably 

higher than those of Fragaria ananassa (Rosaceae), 

calibrated between 13 and 36 mg/100 g DM, as 

well as those of Rubus idaeus (Rosaceae), which 

stagnates between 10 and 60 mg/100 g DM [54]. 

These benchmarks confirm that while the myrtle 

leaves from the Bejaia region exhibit intermediate 

metabolic characteristics, their baseline 

polyphenolic load remains highly competitive for 

the design of functional food additives, bio-

preservatives, and active agents targeted at 

preventing lipid oxidation in the agro-industrial 

sector. 

4. Conclusion 

The economic potential of wild Myrtus communis 

L. collected from Algeria's Bejaia region is 

demonstrated in this study. A considerable regional 

reliance on this species for medicinal purposes, 

especially gastrointestinal care, was established by 

ethnobotanical mapping. An ideal hydrodistillation 

processing window of 100–250 minutes was 

determined by histological and kinetic modeling, 

focusing on its unique sub-epidermal schizogenous 

cavities to provide a peak essential oil output of 

0.57%. Additionally, total polyphenol recovery was 

enhanced to 29% by employing ambient maceration 

rather than high-heat extraction techniques, which 

correlated with strong antioxidant activity (IC50 = 

0.59mg/mL). Their prospective use as natural, 

clean-label substitutes for synthetic additives in 

food and medicinal formulations is supported by 

the isolated fragrance and colorant matrices' proven 

4-month stability [48–50]. 
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