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Abstract 

This study aimed to analyse the chemical composition of the essential oil of Thymus pallescens (TPEO) collected from two 

distinct geographical areas in Algeria (Aïn Témouchent and Sidi Bel Abbès). Antioxidant activity was also evaluated. Using 

gas chromatography–mass spectrometry (GC-MS), analysis revealed the carvacrol chemotype (74.927 - 65.629%) as the 

major component in both TPEO samples, followed by γ-terpinene (5.210 - 7.493%), p-cymene (5.152 - 7.795%), and linalool 

(2.985 - 2.902%) as the main compounds. The chemical composition was identified by comparing the obtained mass spectra 

with those in the NIST and Wiley libraries, along with retention indices. The evaluation of antioxidant capacity employed 

four assays (DPPH•, ABTS•+, FRAP, and CUPRAC). TPEO in both assays (DPPH• and ABTS•+) demonstrated the highest 

activity, with IC₅₀ values of 5.42 ± 0.44 - 9.28 ± 0.78 µg/mL for DPPH• and 60 ± 1.70 - 54 ± 3.30 µg/mL for ABTS•+. The 

present data substantiate the chemical consistency of TPEO composition previously documented in the literature. 

Furthermore, the observed free radical scavenging capacity underscores the prospective utility of Thymus pallescens as a 

viable natural antioxidant in food preservation and pharmaceutical formulations. 

 

Rezumat 

Scopul acestui studiu a fost analiza compoziției chimice a uleiului esențial de Thymus pallescens (TPEO), recoltat din două 

zone geografice distincte din Algeria (Aïn Témouchent și Sidi Bel Abbès), precum și evaluarea activității antioxidante in 

vitro. Compoziția chimică a fost determinată prin cromatografie gazoasă cuplată cu spectrometrie de masă (GC-MS), fiind 

identificat carvacrolul (74,927 - 65,629%) ca principal component în ambele probe, urmat de γ-terpinen (5,210 - 7,493%), p-

cimen (5,152 - 7,795%) și linalool (2,985 - 2,902%). Identificarea compușilor s-a realizat prin compararea spectrelor de masă 

cu bazele de date NIST și Wiley, precum și pe baza indicilor de retenție. Activitatea antioxidantă a fost evaluată utilizând 

testele DPPH•, ABTS•+, FRAP și CUPRAC. Uleiul esențial a prezentat o capacitate antioxidantă ridicată în testele DPPH• și 

ABTS•+, cu valori IC₅₀ cuprinse între 5,42 ± 0,44 și 9,28 ± 0,78 µg/mL, respectiv între 54 ± 3,30 și 60 ± 1,70 µg/mL. 

Rezultatele obținute confirmă consistența compoziției chimice a uleiului esențial de Thymus pallescens raportată anterior în 

literatură și evidențiază potențialul acestuia ca sursă naturală de antioxidanți, cu posibile aplicații în industria farmaceutică și 

alimentară. 
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Introduction 

The genus Thymus (Lamiaceae) constitutes one of the 

most extensive families of aromatic plants, comprising 

nearly 250 genera and approximately 7,000 species 

(1). Taxonomic investigations indicate that Thymus 

among the most prevalent genera within Lamiaceae, 

encompassing 315 species distributed worldwide (1, 2). 

In Algeria, the genus is represented by 17 species and 

subspecies, which exhibit considerable heterogeneity 

in their geographical distribution across diverse 

ecological zones (3, 4). Thymus species have been 

extensively employed in traditional medicine throughout 

the country, for their antimicrobial, antispasmodic, 

and antioxidant properties (5). 

Thymus pallescens de Noé is endemic plant growing 

naturally in Algeria, widely distributed throughout 
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northern Algeria and can be found in various 

geographical areas (6), has predominantly been 

characterized regarding its essential oil (EO) 

composition, with recent studies identifying carvacrol 

(56 - 70%) accompanied by p-cymene (10.3 - 17.3%) 

and γ-terpinene (10.8 - 14.2%) as principal volatile 

markers responsible for significant antimicrobial against 

C. albicans and S. cerevisiae and insecticidal activities  

against Tribolium confusum  (7-9). 

Oxidative stress, defined as the imbalance between 

reactive oxygen species (ROS) generation and 

endogenous antioxidant defence mechanisms, represents 

a fundamental factor in the progression of chronic 

pathologies including cardiovascular diseases, neuro-

degenerative disorders, diabetes, and cancer (10). The 

deleterious effects of ROS contribute to various 

inflammatory diseases, such as arthritis, asthma, 

and cardiovascular diseases, whilst also playing a 

significant role in certain neuroinflammatory disorders, 

including Parkinson's disease and Alzheimer's disease 

(11). Consequently, scientific research focusing on 

combating oxidative stress through the identification 

and characterisation of bioactive compounds with 

potent antioxidant properties has become crucial for 

human health, as these natural agents help reduce 

the risk of chronic diseases whilst minimising the 

adverse effects associated with synthetic antioxidants. 

In this context, the search for effective natural anti-

oxidants capable of mitigating ROS induced cellular 

damage has emerged as a major focus of contemporary 

biomedical and pharmaceutical research. Plant essential 

oils represent significant secondary metabolites, 

comprising approximately 10% of total bioactive 

molecules in certain plants (5), offer a safer, more 

sustainable approach to ROS management and provide 

additional therapeutic benefits through their anti-

inflammatory, antimicrobial, and antioxidant activities. 

Their ability to neutralise free radicals, chelate metal 

ions, and modulate cellular antioxidant enzyme systems 

positions make them as promising candidates for the 

development of novel therapeutic agents and functional 

food additives (12-14). 

Thyme (Thymus genus) has garnered considerable 

scientific attention due to its exceptional phytochemical 

richness and biological activities. Carvacrol (5-iso-

propyl-2-methylphenol) and thymol (2-isopropyl-5-

methylphenol) constitute the principal phenolic mono-

terpenes of thyme essential oil and are primarily 

responsible for its diverse biological activities, including 

potent antibacterial, anti-inflammatory, antifungal, 

immunomodulatory, antioxidant, and antiviral properties 

(15, 16). These bioactive compounds have found 

extensive applications across multiple sectors, including 

medicine, pharmaceutical manufacturing, food 

preservation, and cosmetic formulations. The remarkable 

antioxidant capacity of carvacrol and thymol is attributed 

to their ability to enhance the activity of endogenous 

detoxification enzymes involved in ROS neutralisation, 

whilst simultaneously acting as direct scavengers of 

superoxide anions (O₂•⁻), hydrogen peroxide (H₂O₂), 

hydroxyl radicals (•OH), and other reactive species 

(17). This antioxidant mechanism, enhance  the 

therapeutic potential of thyme essential oil components 

in the prevention and management of oxidative stress 

related pathologies. 

Despite the recognised bioactivity of Thymus species, 

comprehensive studies investigating the antioxidant 

potential of Thymus pallescens de Noé essential oil 

remain scarce. Therefore, the present study aims to 

(i) characterise the volatile compound profile of the 

hydrodistilled essential oil of Thymus pallescens de 

Noé using gas chromatography–mass spectrometry 

(GC-MS) analysis, (ii) evaluate its in vitro anti-

oxidant activity via established radical scavenging 

assays (DPPH• and ABTS•+), and (iii) assess its 

metal ion chelating capacity through ferric reducing 

antioxidant power (FRAP) and cupric ion reducing 

antioxidant capacity (CUPRAC) assays. This analytical 

phytochemical methodology contributes to the 

valorisation of this Algerian endemic species as a 

potential source of natural antioxidant agents with 

promising applications in the pharmaceutical, food, 

and cosmetic industries. 

 

Materials and Methods 

Plant material 

During the flowering phase the aerial parts (flowers 

and leaves) of Thymus pallescens de Noé, which is 

known as zaatar, were collected in June 2023 from 

two locations in northwestern Algeria: Tessala Mountain, 

Sidi Bel Abbès region (N 35°16'38.6", W 0°48′3″, 

Altitude 1050 meters), and Samour Forest, Tamzoura, 

Ain Témouchent region (N 35°24'59.99", W 0°38'59.99", 

Altitude 423 meters), located approximately 400 km 

southwest of  capital (Algiers). Species identification 

was performed by Dr. Asma El Zerey-Belaskri 

(University of Oran 1, Ahmed Ben Bella, Ageria), 

principally based on the taxonomic key of Quézel 

and Santa 1962, 1963 (18). A voucher specimen has 

been deposited in the herbarium of the Laboratory 

of Biotechnology of Rhizobia and Plant Breeding 

(University of Oran 1, Ahmed Ben Bella, Algeria) 

under the accession number “LBRAP-Lam126”. 

Essential oil extraction procedure 

For essential oil extraction, the fresh aerial parts of 

the plant were air-dried at room temperature in a 

shaded, well-ventilated area to prevent exposure to 

direct sunlight and to preserve volatile compounds. 

The dried flowers and leaves were then subjected to 

hydrodistillation using a steam distillation apparatus 

at 90°C for 4 h. 

GC-MS for chemical profiling 

GC-MS analysis was performed using a Hewlett 

Packard Agilent 6890 Plus coupled with a quadrupole 

mass spectrometer (Agilent 5973). The capillary 
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column type (HP-5MS) has a length of 30 m with 

an internal diameter of 0.25 mm and a thickness of 

0.25 µm, treated with 5% phenyl and 95% dimethyl-

polysiloxane. 

GC-MS conditions are a temperature of injection at 

250°C, 0.2 µL injector volumes in split mode with 

a split ratio of 1:80, the column temperature started 

at 45°C for 8 minutes and changed to 250°C at the 

rate of 2°C/min, and the isotherm temperature held 

for 10 minutes. The total analysis was 120 minutes. 

Compound identification 

The identification of different compounds contained 

in the essential oil is carried out based on the results 

obtained after the analysis performed. The identification 

is done by two methods: (i) by comparing the mass 

spectra obtained with those in GC-MS database (Wiley 

7N, NIST02); (ii) by comparing their retention index 

(RI) relative to the n-alkane series (C8-C30) and 

the values mentioned in the literature (19, 20). 

Antioxidant capacity assays 

The antioxidant capacity of the essential oil of 

Thymus pallescens de Noé (TPEO) was tested in the 

context of its scavenging capacity on DPPH• and 

ABTS•+ assays and its ability to reduce metals on 

FRAP and CUPRAC assays.  

2,2-Diphenyl-1-picrylhydrazyl (DPPH•) radical 

scavenging activity 

The DPPH• free radical scavenging assay was carried 

out according to the method of Brand-Williams et 

al. (21). A volume of 0.1 mL of thyme essential oils 

at various concentrations (5 - 200 µg/mL) was added 

to 2.9 mL of an ethanolic DPPH• solution (0.06 mM). 

The mixture was incubated at room temperature for 

30 min, and the absorbance was measured at 517 nm. 

Ascorbic acid was used as a positive control, and 

ethanol served as the blank. 

The DPPH• radical scavenging activity of the essential 

oils was evaluated at concentrations of 5, 10, 25, 

50, 100, and 200 µg/mL. The percentage of radical 

scavenging activity was calculated using the following 

equation: 

Radical Scavenging Activity (%) = [(Acontrol - 

Asample)/Acontrol] x 100, 

where, Acontro is the absorbance of the DPPH• 

solution without essential oils, and Asample is the 

absorbance of the sample containing the essential 

oils. 

The percent inhibition values were plotted against the 

corresponding concentrations of the essential oils. 

The IC₅₀ value, which represents the concentration 

of the extract required to inhibit 50% of the DPPH• 

radical was determined by linear regression analysis 

using the curve. 

2, 2’-Azino-bis 3-ethylbenzothiazoline-6-sulfonic acid 

(ABTS•⁺) radical scavenging activity 

The ABTS•⁺ cation radical scavenging activity was 

carried out according to the method of Re et al. (22). 

The ABTS•+ radical was prepared in two steps. First, 

7 mM ABTS•⁺ (2,2′-azino-bis(3-ethylbenzothiazoline-

6-sulfonic acid)) was dissolved in distilled water. 

Second, a 2.45 mM potassium persulfate (K₂S₂O₈) 

solution was prepared separately. These two solutions 

were then mixed to initiate the formation of the 

ABTS•⁺ radical cation. The resulting mixture was 

incubated in the dark for 12 - 16 h at room 

temperature to obtain the ABTS•⁺ solution. 

The obtained solution was further diluted with distilled 

water to achieve an absorbance of 0.65 - 0.75 at 

734 nm. Trolox was used as a positive control. 

For the assay, 10 µL of each sample and Trolox 

dilution prepared from a stock concentration of 

1000 µg/mL was mixed with 190 µL of ABTS•⁺ 

solution. The plate was incubated in the dark, and 

absorbance was measured at 734 nm against the 

negative control. 

The scavenging capacity of ABTS•+ was calculated 

as the following equation: 

ABTS•+ Scavenging Activity (%) = [(Acontrol - 

Asample)/Acontrol] x 100, 

where, Acontro is the absorbance of the ABTS•+ 

solution without essential oils, and Asample is the 

absorbance of the sample containing the essential 

oils. 

The percent inhibition values were plotted against the 

corresponding concentrations of the essential oils. 

The IC₅₀ value, which represents the concentration 

of the extract required to inhibit 50% of the ABTS•+ 

cation radical was determined by linear regression 

analysis using the curve. 

Ferric ion reducing antioxidant power assay (FRAP) 

The ferric reducing ability was evaluated using the 

assay described by Benzie and Strain (23). Three 

separate solutions were prepared for the FRAP 

reagent: 20 mM FeCl₃ in distilled water, 10 mM 

TPTZ in 40 mM HCl, and 22.8 mM acetate buffer 

(pH 3.6) prepared using sodium acetate trihydrate 

in a volumetric flask. The FRAP reagent was 

prepared by mixing 300 mL of acetate buffer with 3 

mL of FeCl₃ solution and 3 mL of TPTZ solution. 

For the assay, 10 µL of samples prepared at a 

concentration of 0.2 mg/mL was added to each 

well, followed by 300 µL of FRAP reagent. The 

mixture was incubated at 37°C for 4 min, and the 

absorbance was measured at 593 nm. 

The standard curve was obtained by serial dilution 

of ferrous sulphate solutions (5 mM FeSO₄). The 

reducing power of the plant extracts was expressed 

as mmol of Fe²⁺ equivalents per gram of thyme 

essential oil (mmol Fe²⁺/mL essential oil). 

CUPRAC (cupric ion reducing antioxidant 

capacity) assay 

The CUPRAC protocol described by Apak et al. 

(24) for the evaluation of antioxidant capacity uses 

three main solutions. The first solution consisted of 
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copper (II) chloride dihydrate (CuCl₂·2H₂O) 

prepared at a concentration of 7.9 mM in distilled 

water. The second solution was ammonium acetate 

(NH₄Ac) buffer prepared at a concentration of 1 M, 

with the pH adjusted to 7. The third solution 

contained neocuproine dissolved in ethanol to 

obtain a concentration of 7.5 mM. 

Trolox was used as a standard and prepared by 

serial dilution of a 2 mM stock solution to obtain a 

concentration range of 0.05 - 0.35 mM. 

Thyme essential oils were prepared at a 

concentration of 0.156 mg/mL. For microplate 

analysis, the blank consisted of 50 µL of each of 

the three prepared solutions and 100 µL of distilled 

water, whereas for the samples, 100 µL of thyme 

essential oil replaced the water. After incubation at 

37°C for 15 min, followed by an additional 5 min 

incubation, the absorbance was measured at 450 

nm. 

The reducing capacity of the extracts was 

calculated using the standard curve and expressed 

as mmol Trolox equivalents per gram of essential 

oil (mmol TE/mL essential oil). 

Statistical analysis  

All assays were performed in triplicate. Results are 

expressed as mean ± standard deviation (S.D.). 

Statistical analyses were conducted using one-way 

ANOVA followed by Tukey's post-hoc test for 

multiple comparisons. Means denoted by different 

lowercase letters are significantly different at p < 

0.05. Analyses were performed using IBM SPSS 

Statistics 26. 

 

Results and Discussion 

Chemical profiling  

The extraction yield obtained by hydrodistillation 

of Thymus pallescens de Noé flowers and leaves 

from Tessala Sidi Bel Abbès (TPTS) and 

Tamzoura, Aïn Témouchent (TPTM) was 2.99 ± 

0.26% (v/w) and 2.42 ± 0.25% (v/w), respectively. 

Variations in essential oil content have been 

reported for Thymus pallescens collected from 

different regions of Algeria, with yields ranging 

from 0.4% to 6.2% (8, 9, 25). 

The obtained essential oils were yellow to yellow-

brown in colour and exhibited a strong spicy aroma. 

Variations in essential oil yield and other 

characteristics of medicinal plants, such as 

chemical composition and pharmacological 

activity, may be influenced by several ecological 

factors, including soil composition, temperature, 

harvesting period, and altitude (26). 

A total of 26 components were identified in the 

essential oils from both Tessala Sidi Bel Abbès and 

Tamzoura, Aïn Témouchent, accounting for 

98.647% and 99.138% of the total composition, 

respectively (Table I). The major compounds (˃ 

2%) were carvacrol (74.927 - 65.629%), γ-

terpinene (5.210 - 7.493%), p-cymene (5.152 - 

7.795%), linalool (2.985 - 2.902%), and thymol 

(2.141 - 6.681%). 

Table I 

Chemical composition and Area percentage of both Thymus pallescens de Noé samples 

No Components TPTS Area% TPTM Area% RT/min RI 

1 α-Thujene - 0.415 5.282 917.87 

2 Tricyclene 1.264 - 5.398 920 

3 α-Pinene 0.068 1.910 5.467 921.531 

4 Camphene - 0.156 6.015 932.37 

5 Verbenene 0.104 0.193 7.353 958.9 

6 Myrcene 0.610 1.038 8.728 986 

7 α-Phellandrene 0.179 0.132 9.260 996.59 

8 p 2-Carene 0.110 - 9.586 1002.17 

9 α-Terpinene 1.157 1.696 10.036 1008.53 

10 p Cymene 5.152 7.795 10.683 1017.681 

11 γ-Terpinene 5.210 7.493 13.126 1052.21 

12 Terpinolene - 0.089 15.247 1082.19 

13 m-Cymenene 0.067 - 15.299 1082.925 

14 Linalool 2.985 2.902 16.503 1099.94 

15 Isoborneol 0.085 0.186 20.365 1154.26 

16 Terpinen-4-ol - 0.124 21.518 1170.478 

17 Linalool formate - 0.061 24.596 1214.49 

18 Thymol, methylether 0.297 - 24.720 1236.326 

19 Carvacrol, methylether 0.137 0.124 26.482 1242.4 

20 Thymol 2.140 6.681 30.339 1299.49 

21 Carvacrol 74.927 65.629 32.028 1325.993 

22 Bourbonene 0.491 0.177 36.070 1389.47 

23 Caryophyllene 1.764 1.093 36.614 1398 

24 E-Caryophyllene 0.321 0.124 37.763 1417.05 
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No Components TPTS Area% TPTM Area% RT/min RI 

25 Gurjunene 0.105 - 38.654 1431.9 

26 Aromadendrene 0.132 - 39.057 1438.616 

27 α-Guaiene - 0.059 39.096 1439.292 

28 Aromadendrane (dehydro) 0.133 0.135 40.394 1460.94 

29 Muurola-4(14),5-diene (cis) 0.190 - 40.754 1466.9 

30 γ-Gurjunene 0.421 0.238 41.264 1475.4 

31 D-Germacrene 0.151 0.112 41.835 1484.9 

32 γ-Amorphene - 0.161 42.473 1495.613 

33 γ-Cadinene 0.274 - 43.138 1507.018 

34 Cadineneether <trans-> - 0.331 46.043 1458.273 

 Total EO yields (%) 98.647 99.138  

 

The distribution of the identified compounds 

according to terpene classes (Figure 1) shows that 

both TPTS EO and TPTM EO were dominated by 

oxygenated monoterpenes (80.571% and 75.792%, 

respectively), followed by monoterpene 

hydrocarbons (13.921% and 20.917%), 

sesquiterpene hydrocarbons (4.155% and 2.100%), 

and finally oxygenated sesquiterpenes, detected 

only in TPTM EO at a low concentration (0.33%). 

The data revealed that TPTS EO contains higher 

concentrations of carvacrol compared to TPTM EO. 

Conversely, TPTM EO exhibits the highest 

concentrations of hydrocarbon monoterpenes in its 

composition relative to TPTS. This chemical 

differentiation is particularly evident in thymol 

content, with TPTS EO showing a concentration of 

2.141%, while TPTM EO demonstrates a higher 

concentration of 6.681%. Monoterpenes are the 

most common compounds in thyme essential oils 

(27). In a recent investigation, Neli E et al, 2025 

(28) identified thymol as the principal constituent 

(41,84%) of Thymus vulgaris essential oil sourced 

from Bulgaria. Concurrently, Bochra M et al. 2025 

(29) demonstrated the co-dominance of thymol 

(46.03%) and carvacrol (29.24%) in T. vulgaris 

specimens collected from Algeria. Furthermore, 

numerous studies have demonstrated that carvacrol 

chemotype and thymol chemotype are only two 

prevalent monoterpene chemotypes present in 

Thymus pallescens commonly found throughout 

Algeria, in which the most frequent is carvacrol 

chemotype (44.4 - 92.63%) with nine studies in 

nine different regions (8, 21, 25, 30, 31) and one for 

thymol chemotype (49.3%) (30). Although many 

thyme species are characterised by the 

predominance of thymol as their main chemotype, 

the species were studying, Thymus pallescens, is 

characterised by its high content of carvacrol 

(74.927 - 65.629%) compared to thymol (2.141 - 

6.681%). Even though these two molecules are 

isomeric phenols, they have the same molecular 

weight but differ in their physical properties: 

thymol is crystalline, while carvacrol is liquid. This 

difference makes carvacrol more volatile than 

thymol (32, 33). This characteristic explains the 

particularly intense odour of Thymus pallescens 

(rich in carvacrol) compared with odour of some 

other thyme species. 

 

 
Figure 1. 

Terpenes group distribution in both Thymus pallescensde Noé plants 

 

The results also reported the appearance of 

hydrocarbon monoterpenes in TPTS EO and TPTM 

EO (13.921 - 20.917%) in different proportions, 

especially p-cymene (05.152 - 7.795%) and γ-

terpinene (05.210 - 7.493%) in high concentrations. 

These two molecules are precursors of carvacrol, 

contributing to its biosynthetic pathway. γ-

terpinene, which represents a cyclic form of geranyl 

diphosphate (GDP), is converted to carvacrol by the 

action of cytochrome P450 monooxygenases (34). 

Dehydrogenated or enzymatically oxidized γ-

Terpinene to form the monocyclic monoterpenes p-
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cymene (Conversion of γ-Terpinene to p-Cymene); 

after that, carvacrol is produced by the 

hydroxylation of p-cymene (35). 

Upon comparative analysis of our findings with 

studies conducted on the same species across 

diverse geographical regions, we observed an 

inverse correlation between p-cymene and 

carvacrol content. This inverse relationship 

explains the notably low p-cymene concentration 

observed in our investigation, characterised by a 

high carvacrol content, compared with results 

reported in previous research (8, 9). Our 

observations correspond to those reported by Hadef 

et al., (36) in their study about Thymus numidicus. 

This distinctive variation in chemical composition 

characterises TPTS EO and TPTM EO and may be 

influenced by various ecological factors, including 

altitude, soil composition, temperature, humidity, 

light intensity, and other climatic conditions (37). 

These environmental parameters directly affect the 

activity of a family of terpene synthase (TPSs) 

enzymes, which are responsible for the synthesis of 

carvacrol, thymol, p-cymene, γ-terpinene, from the 

independent pathway, MAV, the mevalonic acid 

pathway (38). 

Antioxidant capacity 

Four in vitro antioxidant activity assays were used 

to evaluate the total antioxidant capacity (TAC) of 

TPTS EO and TPTM EO, namely the DPPH• and 

ABTS•⁺ radical scavenging assays, as well as the 

ferric reducing antioxidant power (FRAP) and cupric 

reducing antioxidant capacity (CUPRAC) assays. 

These complementary methods provide insight into the 

mechanisms by which the constituent compounds 

of the essential oils interact with each assay system. 

DPPH• radical scavenging activity. The DPPH• 

radical scavenging assay showed that the essential 

oils of both plants (TPTS and TPTM) exhibited low 

IC₅₀ values, ranging from 5.42 ± 0.44 to 9.28 ± 0.78 

µg/mL. For comparison, the IC₅₀ value of ascorbic 

acid was 66.93 ± 16.24 µg/mL. The strong 

antioxidant activity observed for both TPTS and 

TPTM essential oils, with significantly higher 

activity for TPTS EO, can be attributed to their richness 

in bioactive compounds and their ability to neutralise 

free radicals, thereby limiting oxidative processes. 

ABTS•⁺ radical scavenging activity. In the ABTS•⁺ 

assay, the blue radical cation was reduced to a 

colourless form through interaction with the 

bioactive compounds present in the essential oils of 

TPTS and TPTM. The analysis revealed IC₅₀ values 

of 54.0 ± 3.30 µg/mL for TPTM EO and 60.0 ± 

1.70 µg/mL for TPTS EO. For reference, the IC₅₀ 

value of the positive control, Trolox, was 100.0 ± 

8.62 µg/mL. These results indicate a high 

antioxidant potential of the Thymus pallescens 

essential oils. 

Ferric Ion Reducing Antioxidant Power assay. The 

antioxidant capacity of TPTS EO and TPTM EO 

was further evaluated using the FRAP assay, which 

determines the ability of antioxidants to reduce 

metal ions. This assay is based on the reduction of 

ferric ions (Fe³⁺) to ferrous ions (Fe²⁺), 

accompanied by a colour change from yellow (Fe³⁺-

TPTZ complex) to blue. 

The analysis revealed values of 3.35 ± 0.40 and 

2.80 ± 0.21 mmol Fe²⁺ equivalents/mL for TPTS 

EO and TPTM EO, respectively, at a concentration 

of 0.156 mg/mL. These results clearly demonstrate 

the superior reducing capacity of TPTS EO 

compared with TPTM EO. 

Cupric Ion Reducing Antioxidant Capacity assay. 

The bioactive compounds present in both TPTS EO 

and TPTM EO demonstrated the ability to reduce 

Cu(II) ions to Cu(I) ions, reflecting the oxidative 

conversion efficiency of non-enzymatic 

antioxidants. This reduction was evidenced by a 

visible colour change from blue (CUPRAC reagent) 

to yellow–orange in the presence of neocuproine 

(2,9-dimethyl-1,10-phenanthroline). 

This assay allows us to evaluate the total 

antioxidant capacity of TPTS EO and TPTM EO, 

with results expressed in mM Trolox Equivalents 

per mL (mmol TE/mL). The analysis revealed 

inhibitory concentration values of 1.22 ± 0.08 - 

4.06 ± 0.23 mmol TE/mL for 0.156 mg/mL 

concentration of TPTS EO and TPTM EO. These 

data showed clearly that TPTM EO established 

superior antioxidant efficacy. 

The ABTS•+ and CUPRAC data listed in Table II 

demonstrated that antioxidant capacities of the EO 

(TPTM) rich in carvacrol (65.629%) and thymol 

(6.681%) were significantly a little better than that 

(TPTS) rich in carvacrol (74.927%) with a lower 

percentage of thymol (2.141%) compared to TPTM.  

Table I 

Antioxidant capacity results of both Thymus pallescens de Noé essential oils 

Simple DPPH• (µg/mL) ABTS•+ (µg/mL) FRAP (mmol Fe2+Eq/mL) CUPRAC (mmol TE/mL) 

TPTS 5.42 ± 00.44a 60 ± 01.70a 3.35 ± 00.40b 1.22 ± 00.08a 

TPTM 9.28 ± 00.78b 54 ± 03.30a 2.80 ± 00.21a 4.06 ± 00.23b 

AA 66.93 ± 16.24c - - - 

TOX - 100 ± 08.62c - - 
Data expressed as the mean ± SD. The experiment was performed in a minimum of three replicates, lowercase letters a ,b,c , representing 

significant differences at p < 0.05 
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These results may prove the previous literature that 

when carvacrol and thymol work synergistically, 

their similar chemical structures can neutralise free 

radicals and reduce metal with greater efficacy 

(39). This was reported in Taibi et al. (40) study 

and confirmed by two assays, DPPH• and ABTS•+, 

through results obtained after investigating the 

antioxidant capacity of carvacrol and thymol 

individually, followed by examining their 

equimolar mixture effect. The study revealed 

synergistic effects that enhanced antioxidant 

capacity.This effect is not only due to the 

synergistic interaction between carvacrol and 

thymol. γ-Terpinene (5.210 - 7.493%), p-cymene 

(5.153 - 7.795%), and linalool (2.902 - 2.985%) are 

also present in TPEO at significant concentrations 

and may act synergistically with carvacrol (41). 

Under some experimental conditions, the 

interaction between carvacrol and thymol can result 

in a decrease in overall antioxidant capacity; this is 

scientifically termed an antagonistic effect (41). 

Many studies have touched upon this, notably in the 

research conducted by Rúa J et al.; Miloš and 

Makota (42, 43). Considering that the results 

obtained proved the antagonistic effect, where more 

mixtures showed a decrease in antioxidant capacity. 

Taibi et al. work (40) provides further confirmation 

of that effect; their results suggest an antagonistic 

effect between thymol and carvacrol in oxygen 

radical absorbance capacity (ORAC) assays. This 

may provide initial hypotheses to explain the 

observed decrease in antioxidant capacity (Table II) 

in our research in both DPPH• and FRAP assays 

compared to ABTS•+ and CUPRAC assays for 

TPTM EO (DPPH• = 9.28 ± 0.78 µg/mL, FRAP = 

2.80 ± 0.21 mmol Fe²⁺Eq/mL) when compared to 

TPTS EO. 

Conversely, an enhancement in antioxidant effect 

was observed for TPTS in both assays DPPH• and 

FRAP, with an IC₅₀ of (5.42 ± 0.44 µg/mL - 3.35 ± 

0.40 mmol Fe²⁺Eq/mL) compared to ABTS•+ and 

CUPRAC. In light of that and based on the results 

of the chromatographic analysis, which revealed a 

higher carvacrol content in TPTS (74.927%) 

compared to TPTM (65.629%), and from literature 

data examining the existing relationship between 

strong antioxidant capacity and high carvacrol 

concentration in Thymus species (44). 

Sun et al. (16) research demonstrated that Tqp01 

(Thymus quinquecostatus var. przewalskii), 

containing 72% carvacrol, exhibited the strongest 

antioxidant activity among 10 species and 24 

varieties experimented in their study. In the same 

context, much other research conducted by 

scientists proved statistically the significant positive 

correlation between carvacrol, their analogues, and 

different antioxidant assays: DPPH•, ABTS•+, 

FRAP, and TBARS (measurement of lipid 

peroxidation by thiobarbituric acid reactive 

substances). In this context, Ting He et al. (45) 

reported a positive correlation with DPPH• (- 

0.96372, p < 0.05) and with ABTS•+ (- 0.96479, p < 

0.05) for carvacrol acetate; this effectively makes 

thyme EO one of the most effective antioxidants 

among plants EO (46-48). 

In the literature, many studies were reported on the 

antioxidant activities of essential oil Thymus 

species. Thymus pulegioides essential oil evaluated 

in the finding of Jianu et al. (49) demonstrated 

antioxidant capacity for DPPH• assay comparable 

to our findings, with an IC₅₀ value of 19.13 ± 0.61 

μg/mL. Our results are consistent with those 

reported by Fatima et al. (50), whose study 

demonstrated an IC₅₀ value of 6.13 μg/mL for 

Thymus zygis. A comparative analysis of literature 

data from Djermane N et al. (51) shows IC₅₀ values 

for FRAP and CUPRAC assays of > 200 μg/mL 

and 464.83 ± 3.69 μg/mL, respectively, for Thymus 

ciliatus from Algeria. Laftouhi A et al. (52) in their 

study on Thymus vulgaris, reported an IC₅₀ value of 

244.64 ± 1.34 μg/mL for the FRAP assay. 

Additionally, the ABTS•+ assay exhibited strong 

antioxidant activity with notably low IC₅₀ values of 

1.66 ± 0.1 μg/mL and 6.12 ± 0.03 μg/mL for 

Thymus sipyleus Boiss (53), which are superior to 

our results. In contrast, the same assay in Djermane 

N et al. (51) research exhibited weaker antioxidant 

activity compared to our results, with an IC₅₀ value 

of 303.71 ± 7.63 μg/mL. 

When the results obtained by Thymus pallescens 

essential oil are compared with those of the positive 

control used in the same assay, a higher antioxidant 

activity is observed for the tested oil. Nevertheless, 

this comparison should be interpreted with caution, 

as it remains subject to several limitations. 

In addition to synergistic factors, essential oils exert 

their antioxidant activity through multiple other 

mechanisms due to their complex chemical 

composition, including phenolic radical scavenging 

and metal chelation. In contrast, commonly used 

positive controls such as ascorbic acid and trolox 

are single, well-characterised molecules acting 

predominantly through specific antioxidant 

pathways. Furthermore, the strongly hydrophilic 

nature of ascorbic acid differs substantially from 

the lipophilic character of essential oils, resulting in 

distinct distributions within the assay medium, 

which can directly influence the measured 

antioxidant response (54-56). These fundamental 

differences complicate the direct comparison of 

IC₅₀ values between essential oils and the positive 

control, even when assessed under identical 

experimental conditions. Also the essential oil 

clinical application, is limited by poor 

physicochemical characteristics: low water 

solubility, high volatility, environmental instability 
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(light, heat, oxygen sensitivity), and inadequate 

skin permeation (57). To address these challenges, 

advanced nano- and lipid-based delivery systems 

have been developed to enhance aqueous solubility, 

chemical stability, controlled release, and 

bioavailability whilst reducing toxicity and 

environmental degradation (58). 

In the same context of in vitro antioxidant 

evaluation, previous studies have shown that 

reaction kinetics differ considerably among 

antioxidant compounds. Fast-reacting reference 

standards may display lower IC₅₀ values due to their 

rapid attainment of equilibrium, whereas the 

antioxidant activity of natural constituents, which 

often react more slowly, may be underestimated in 

fixed end point measurements. Therefore, kinetic 

behaviour and reaction time should be taken into 

account when interpreting antioxidant activity and 

comparing results with the positive control (59).  

Hence,  the DPPH•, ABTS•+, FRAP and CUPRAC 

tests are simple chemical methods that do not 

reflect the complexity of biological systems. The 

active concentrations observed in vitro may not be 

achievable in vivo due to the low bioavailability of 

volatile compounds from essential oils. 

Furthermore, these tests do not account for hepatic 

metabolism, tissue distribution, or interactions with 

endogenous antioxidant systems. Studies on 

cellular and animal models are necessary to confirm 

the physiological relevance of these results. 

 

Conclusions 

That Thymus pallescens de Noé from western 

Algeria, with its white flowers harvested in two 

steps at altitudes of 1051 and 423 meters, 

respectively. Its essential oil obtained by 

hdrodytillation, demonstrates a rich source of 

bioactive oxygenated monoterpenes, particularly 

carvacrol and thymol followed by hydrocarbon 

monoterpenes γ-terpinene, p-cymene, linalool and 

exhibits significant antioxidant activity in vitro. The 

synergistic effect between carvacrol as the major 

compound in TPEO and other bioactive compounds 

allows for a reduction of reactive oxygen species 

(ROS), which leads to  enhanced antioxidant 

efficacy, protection against oxidative stress and 

activation of cellular defence pathways. Compared 

to other Thymus species in Algeria, Thymus 

pallescens from Tessala Mountain, Sidi Bel Abbès 

and Samour Forest, Tamzoura, Ain Témouchent 

showed superior antioxidant activity, particularly in 

DPPH• and ABTS•+ assays. These findings suggest 

to this plant essential oil its potential use in 

pharmaceutical applications or food preservation, 

pending further in vivo evaluation.  

 

 

Acknowledgement 

Not applicable. 

 

Funding 

Not applicable. 

 

Availability of data and materials 

The data generated in the present study are included 

in the figures and/or tables of this article. 

 

Ethics approval and consent to participate 

Not applicable. 

 

AI use disclosure 

Not applicable.  

 

Conflict of interest 

The authors declare no conflict of interest. 

 

References 

1. Zhao C, Lin S. PANoptosis in intestinal epithelium: 

its significance in inflammatory bowel disease and 

a potential novel therapeutic target for natural 

products. Front Immunol. 2025;15:1507065. 

2. Sahoo DK, Heilmann RM, Paital B, Patel A, Yadav 

VK, Wong D, et al. Oxidative stress, hormones, 

and effects of natural antioxidants on intestinal 

inflammation in inflammatory bowel disease. Front 

Endocrinol. 2023;14:1217165. 

3. Boukara I, Habbouche I, Nabti B. Essential oil-

based phytochemical identification of the Algerian 

north-central species of Thymus algeriensis. GSC 

Biol Pharm Sci. 2023;23(3):75-82. 

4. Lahlou RA, Samba N, Soeiro P, Alves G, 

Gonçalves AC, Silva LR, et al. Thymus hirtus 

Willd. ssp. algeriensis Boiss. and Reut: a 

comprehensive review on phytochemistry, 

bioactivities, and health-enhancing effects. Foods. 

2022;11(20):3195. 

5. Ma J, Lai Y, He G, Chen Y, Ding S, Li X, et al. 

Superimposed effect of plant essential oil 

constituents and their biomedical application. Ind 

Crops Prod. 2025;224:120362. 

6. Hazzit M, Baaliouamer A, Douar-Latreche S. 

Effect of heat treatment on the chemical 

composition and the antioxidant activity of 

essential oil of Thymus pallescens de Noé from 

Algeria. J Essent Oil Res. 2013;25(4):308-314. 

7. Kheira SA, Hakim T, Ckm A, Farid C, K O. 

Phytochemical components and antimicrobial 

properties of Thymus pallescens de Noé essential 

oil against nosocomial uropathogens. Braz J Health 

Rev. 2024;7(9):e75929. 

8. Hazzit M, Baaliouamer A, Faleiro ML, Miguel 

MG, Verissimo AR. Chemical composition and 

biological activities of Algerian Thymus oils. Food 

Chem. 2009;116(3):714-721. 



FARMACIA, 2026, Vol. 74, 1 

 243 

9. Alloun K, Benchabane O, Hazzit M, Mouhouche F, 

Baaliouamer A, et al. Effect of gamma ray 

irradiation on chemical composition, antioxidant, 

antimicrobial, and insecticidal activities of Thymus 

pallescens essential oil. Acta Chromatogr. 

2019;31(1):57-62. 

10. Altanam SY, Darwish N, Bakillah A. Exploring the 

interplay of antioxidants, inflammation, and 

oxidative stress: mechanisms, therapeutic potential, 

and clinical implications. Diseases. 2025;13(9):309. 

11. Sadiq IZ. Free radicals and oxidative stress: 

signaling mechanisms, redox basis for human 

diseases, and cell cycle regulation. Curr Mol Med. 

2023;23(1):13-35. 

12. Tural S, Turhan S. Antimicrobial and antioxidant 

properties of thyme (Thymus vulgaris L.), 

rosemary (Rosmarinus officinalis L.) and laurel 

(Laurus nobilis L.) essential oils and their mixtures. 

J Food. 2017;42(5):588-596. 

13. Elbestawy MK, El-Sherbiny GM, Moghannem SA. 

Antibacterial, antibiofilm and anti-inflammatory 

activities of eugenol clove essential oil against 

resistant Helicobacter pylori. Molecules. 

2023;28(6):2448. 

14. Abdelhamed FM, Abdeltawab NF, ElRakaiby MT, 

Shamma RN, Moneib NA. Antibacterial and anti-

inflammatory activities of Thymus vulgaris 

essential oil nanoemulsion on acne vulgaris. 

Microorganisms. 2022;10(9):1874. 

15. Balmus IM, Ciobica A, Cojocariu R, Luca AC, 

Gorgan L. Irritable bowel syndrome and 

neurological deficiencies: is there a relationship? 

The possible relevance of the oxidative stress 

status. Medicina. 2020;56(4):175. 

16. Sun M, Zhang Y, Hao Y, Miao J, Sun G, Xiao J, et 

al. Antioxidant and antibacterial activities of 

Chinese native thyme essential oils with different 

chemotypes. Molecules. 2024;29(24):6035. 

17. Ridaoui K, Guenaou I, Taouam I. Comparative 

study of the antioxidant activity of the essential oils 

of five plants against the H2O2 induced stress in 

Saccharomyces cerevisiae. Saudi J Biol Sci. 

2022;29(3):1842-1852. 

18. Quézel P, Santa S. Nouvelle flore de l'Algérie et 

des régions désertiques méridionales. Paris: CNRS; 

1962. 

19. Adams RP. Identification of essential oil 

components by gas chromatography/mass 

spectrometry. 4.1. Carol Stream: Allured 

Publishing Corporation; 2017. 

20. Babushok VI, Linstrom PJ, Zenkevich IG. 

Retention indices for frequently reported 

compounds of plant essential oils. J Phys Chem Ref 

Data. 2011;40(4):043101. 

21. Brand-Williams W, Cuvelier ME, Berset CLWT. 

Use of a free radical method to evaluate antioxidant 

activity. LWT Food Sci Technol. 1995;28(1):25-

30. 

22. Re R, Pellegrini N, Proteggente A, et al. 

Antioxidant activity applying an improved ABTS 

radical cation decolorization assay. Free Radic Biol 

Med. 1999;26(9-10):1231-1237. 

23. Benzie IFF, Strain JJ. The ferric reducing ability of 

plasma (FRAP) as a measure of "antioxidant 

power": the FRAP assay. Anal Biochem. 

1996;239(1):70-76. 

24. Apak R, Güçlü K, Özyürek M, et al. Novel total 

antioxidant capacity index for dietary polyphenols 

and vitamins C and E, using their cupric ion 

reducing capability in the presence of neocuproine: 

CUPRAC method. J Agric Food Chem. 

2004;52(26):7970-7981. 

25. Bertouche S, Sabba N, Sahraoui N, Bachir YN. 

Extraction of Thymus pallescens de Noé essential 

oil by microwave steam distillation and steam 

distillation processes: kinetics, optimization, 

chemical composition and insecticidal activity. 

Algerian J Environ Sci Technol. 2023;9(1):2974-

2984. 

26. Khalil N, El-Jalel L, Yousif M, Gonaid M. Altitude 

impact on the chemical profile and biological 

activities of Satureja thymbra L. essential oil. BMC 

Complement Med Ther. 2020;20:1-11. 

27. Bakó E, Böszörményi A, Vargáné Szabó B. 

Chemometric analysis of monoterpenes and 

sesquiterpenes of conifers. Front Plant Sci. 

2024;15:1392539. 

28. Ermenlieva N, Stamova S, Tsankova G, Georgieva 

E. New perspectives in the antimicrobial potential 

of thyme and oregano essential oils. Farmacia. 

2025;73(2):393-402. 

29. Medjadji B, Benahmed F, Kadi I. GC-MS analysis 

of Thymus vulgaris L. and Ptychotis verticillata 

(Desf.) essential oils: multi-bioactive potential as 

natural therapeutic alternatives. Farmacia. 

2025;73(5):1297-1305. 

30. Hazzit M, Baaliouamer A. Composition of the 

essential oils of the leaves and flowers of Thymus 

pallescens de Noé and Origanum floribundum 

Munby from Algeria. J Essent Oil Res. 

2009;21(3):267-270. 

31. Moutassem D, Bellik Y, Sannef MEH. Toxicity 

and repellent activities of Thymus pallescens and 

Cymbopogon citratus essential oils against 

Sitophilus granarius. Plant Prot Sci. 

2021;57(4):297-309. 

32. Vaičiulytė V, Butkienė R, Ložienė K. Effects of 

meteorological conditions and plant growth stage 

on the accumulation of carvacrol and its precursors 

in Thymus pulegioides. Phytochemistry. 

2016;128:20-26. 

33. Agarwal S, Tripathi S, Mishra N. Pharmacological 

potential of thymol. In: Innovative food 

technologies: current perspectives and future goals. 

2020. p. 489-500. 

34. Tohidi B, Rahimmalek M, Arzani A. Sequencing 

and variation of terpene synthase gene (TPS2) as 

the major gene in biosynthesis of thymol in 

different Thymus species. Phytochemistry. 

2020;169:112126. 

35. Imran M, Aslam M, Alsagaby SA, Saeed F, Ahmad 

I, et al. Therapeutic application of carvacrol: a 

comprehensive review. Food Sci Nutr. 

2022;10(11):3544-3561. 

36. Hadef Y, Kaloustian J, Chefrour A, Mikail C, Abou 

L, et al. Chemical composition and variability of 

the essential oil of Thymus numidicus Poir. from 

Algeria. Acta Bot Gall. 2007;154(2):265-274. 



FARMACIA, 2026, Vol. 74, 1 

 244 

37. Chen F, Tholl D, Bohlmann J, Pichersky E. The 

family of terpene synthases in plants: a mid-size 

family of genes for specialized metabolism that is 

highly diversified throughout the kingdom. Plant J. 

2011;66(1):212-229. 

38. Alicandri E, Paolacci AR, Osadolor S, Sorgonà A, 

Badiani M, et al. On the evolution and functional 

diversity of terpene synthases in the Pinus species: 

a review. J Mol Evol. 2020;88:253-283. 

39. Basavegowda N, Baek KH. Synergistic antioxidant 

and antibacterial advantages of essential oils for 

food packaging applications. Biomolecules. 

2021;11(9):1267. 

40. Taibi M, Elbouzidi A, Haddou M, Baraich A, Ou-

Yahia D, et al. Evaluation of the interaction 

between carvacrol and thymol, major compounds 

of Ptychotis verticillata essential oil: antioxidant, 

anti-inflammatory and anticancer activities against 

breast cancer lines. Life. 2024;14(8):1037. 

41. Boukhira S, Amrati FE-Z, Chebaibi M, Grafov A, 

Mothana RA, et al. The chemical composition and 

the preservative, antimicrobial, and antioxidant 

effects of Thymus broussonetii Boiss. essential oil: 

an in vitro and in silico approach. Front Chem. 

2024;12:1402310. 

42. Rúa J, Del Valle P, de Arriaga D, Fernández-

Álvarez L, García-Armesto MR. Combination of 

carvacrol and thymol: antimicrobial activity against 

Staphylococcus aureus and antioxidant activity. 

Foodborne Pathog Dis. 2019;16(9):622-629. 

43. Miloš M, Makota D. Investigation of antioxidant 

synergisms and antagonisms among thymol, 

carvacrol, thymoquinone and p-cymene in a model 

system using the Briggs-Rauscher oscillating 

reaction. Food Chem. 2012;131(1):296-299. 

44. Imtara H, Abujaber F, Siouri F, Tumeh A, Saad B. 

Chemical composition, antioxidant and anticancer 

activities of Thymus capitatus essential oil: 

experimental and computational approaches. 

Phyton. 2025;94(3):723-737. 

45. He T, Li X, Wang X, Xu X, Yan X, et al. Chemical 

composition and anti-oxidant potential on essential 

oils of Thymus quinquecostatus Celak. from Loess 

Plateau in China, regulating Nrf2/Keap1 signaling 

pathway in zebrafish. Sci Rep. 2020;10(1):11280. 

46. Mokhtari R, Kazemi Fard M, Rezaei M, 

Moftakharzadeh SA, Mohseni A. Antioxidant, 

antimicrobial activities, and characterization of 

phenolic compounds of thyme (Thymus vulgaris 

L.), sage (Salvia officinalis L.), and thyme-sage 

mixture extracts. J Food Qual. 

2023;2023(1):2602454. 

47. Miladi H, Ben Slama R, Mili D, Zouari S, 

Bakhrouf A, et al. Essential oil of Thymus vulgaris 

L. and Rosmarinus officinalis L.: gas 

chromatography-mass spectrometry analysis, 

cytotoxicity and antioxidant properties and 

antibacterial activities against foodborne pathogens. 

Nat Sci. 2013;5(6):729-739. 

48. Crespo YA, Sánchez LRB, Quintana YG, Cabrera 

AST, Del Sol AB, et al. Evaluation of the 

synergistic effects of antioxidant activity on 

mixtures of the essential oil from Apium 

graveolens L., Thymus vulgaris L. and Coriandrum 

sativum L. using simplex-lattice design. Heliyon. 

2019;5(6):e01942. 

49. Jianu C, Rusu LC, Muntean I, Cocan I, Lukinich-

Gruia AT, et al. In vitro and in silico evaluation of 

the antimicrobial and antioxidant potential of 

Thymus pulegioides essential oil. Antioxidants. 

2022;11(12):2472. 

50. Radi FZ, Bouhrim M, Mechchate H, Al-Zahrani M, 

Qurtam AA, et al. Phytochemical analysis 

antimicrobial and antioxidant properties of Thymus 

zygis L. and Thymus willdenowii Boiss. essential 

oils. Plants. 2021;11(1):15. 

51. Djermane N, Brahmi M, Adli DE, Gliozzi M, 

Musolino V, et al. Chemical composition, 

antioxidant, antimicrobial, antidiabetic, and 

butyrylcholinesterase inhibitory activities in vitro 

of the essential oil and crude extracts of the aerial 

parts of Thymus ciliatus. Chem Biodivers. 

2025;e202403318. 

52. Laftouhi A, Slimani M, Elrherabi A, Bouhrim M, 

Mahraz MA, et al. Effect of temperature and water 

stress on the antioxidant and antidiabetic activities 

of Thymus vulgaris essential oil. Trop J Nat Prod 

Res. 2024;8(1):5785-5793. 

53. Yiğitkan S, Fırat M. Essential oil contents and 

biological activities of Thymus canoviridis Jalas 

and Thymus sipyleus Boiss. J Fac Pharm Ankara 

Univ. 2024;48(3):1068-1077. 

54. Martignago CCS, Soares-Silva B, Parisi JR, Silva 

LCSE, Granito RN, Ribeiro AM, et al. Terpenes 

extracted from marine sponges with antioxidant 

activity: a systematic review. Nat Prod 

Bioprospect. 2023;13(1):23. 

55. Munteanu IG, Apetrei C. Analytical methods used 

in determining antioxidant activity: a review. Int J 

Mol Sci. 2021;22(7):3380. 

56. Zhou DY, Sun YX, Shahidi F. Preparation and 

antioxidant activity of tyrosol and hydroxytyrosol 

esters. J Funct Foods. 2017;37:66-73. 

57. Cossetin LF, Garlet QI, Velho MC, Gündel S, 

Ourique AF, Heinzmann BM, et al. Development 

of nanoemulsions containing Lavandula dentata or 

Myristica fragrans essential oils: influence of 

temperature and storage period on physical-

chemical properties and chemical stability. Ind 

Crops Prod. 2021;160:113115. 

58. Kaspute G, Arunagiri BD, Alexander R, 

Ramanavicius A, Samukaite-Bubniene U. 

Development of essential oil delivery systems by 

'click chemistry' methods: possible ways to manage 

Duchenne muscular dystrophy. Materials. 

2023;16:6537. 

59. Sánchez-Moreno C, Larrauri JA, Saura-Calixto F. 

A procedure to measure the antiradical efficiency 

of polyphenols. J Sci Food Agric. 1998;76(2):270-

276. 

 

 

 


