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ABSTRACT 

Tem sido manifestada uma preocupação considerável relativamente à segurança dos produtos 

químicos utilizados nas indústrias agroalimentar, cosmética e farmacêutica. Esta preocupação está 

particularmente relacionada com os efeitos secundários potencialmente deletérios dos antioxidantes 

sintéticos, que têm sido associados a danos no fígado e à carcinogénese. Consequentemente, é 

imperativo explorar soluções alternativas, com as plantas medicinais a fornecerem um reservatório 

substancial de moléculas bioactivas que possuem propriedades biológicas. Este estudo investiga a 

atividade antioxidante do óleo essencial (OE) de Teucrium polium subsp. helichrysoides (Diels), 

originário do Sara Central e conhecido pelas suas propriedades medicinais. O óleo essencial foi 
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extraído por hidrodestilação e o seu perfil fitoquímico foi posteriormente determinado por 

cromatografia gasosa e espetrometria de massa. Para verificar a atividade antioxidante do óleo 

essencial, foram utilizados três ensaios in vitro: eliminação do radical livre difenil-1-picrilhidrazil, 

poder antioxidante redutor férrico e branqueamento do β-caroteno. Os resultados demonstraram que 

o OE apresentava um elevado teor de sesquiterpenos, sendo o β-eudesmol (66,67%) identificado 

como o principal composto. Este quimiotipo β-eudesmol não foi previamente identificado na 

bibliografia. Apesar de exibir uma capacidade significativa para eliminar radicais livres e um poder 

redutor, a atividade antioxidante do OE foi comparativamente mais fraca na inibição da oxidação 

lipídica. A atividade antioxidante do OE foi mais fraca em comparação com a dos antioxidantes 

padrão. O OE de Teucrium polium L. subespécie de Hoggar contém um elevado teor de 

sesquiterpenos oxigenados, particularmente β-eudesmol, álcool sesquiterpenóide, que pode 

contribuir para as suas propriedades antioxidantes. Este facto sublinha a importância desta molécula 

nas indústrias agroalimentar, cosmética e farmacêutica. 

 

Keywords: essential oil, β-eudesmol, Teucrium polium subsp. helichrysoides (Diels) Maire, 

antioxidant activity. 
 

RESUMO 

Tem sido manifestada uma preocupação considerável relativamente à segurança dos produtos 

químicos utilizados nas indústrias agroalimentar, cosmética e farmacêutica. Esta preocupação está 

particularmente relacionada com os efeitos secundários potencialmente deletérios dos antioxidantes 

sintéticos, que têm sido associados a danos no fígado e à carcinogénese. Consequentemente, é 

imperativo explorar soluções alternativas, com as plantas medicinais a fornecerem um reservatório 

substancial de moléculas bioactivas que possuem propriedades biológicas. Este estudo investiga a 

atividade antioxidante do óleo essencial (OE) de Teucrium polium subsp. helichrysoides (Diels), 

originário do Sara Central e conhecido pelas suas propriedades medicinais. O óleo essencial foi 

extraído por hidrodestilação e o seu perfil fitoquímico foi posteriormente determinado por 

cromatografia gasosa e espetrometria de massa. Para verificar a atividade antioxidante do óleo 

essencial, foram utilizados três ensaios in vitro: eliminação do radical livre difenil-1-picrilhidrazil, 

poder antioxidante redutor férrico e branqueamento do β-caroteno. Os resultados demonstraram que 

o OE apresentava um elevado teor de sesquiterpenos, sendo o β-eudesmol (66,67%) identificado 

como o principal composto. Este quimiotipo β-eudesmol não foi previamente identificado na 

bibliografia. Apesar de exibir uma capacidade significativa para eliminar radicais livres e um poder 

redutor, a atividade antioxidante do OE foi comparativamente mais fraca na inibição da oxidação 

lipídica. A atividade antioxidante do OE foi mais fraca em comparação com a dos antioxidantes 

padrão. O OE de Teucrium polium L. subespécie de Hoggar contém um elevado teor de 

sesquiterpenos oxigenados, particularmente β-eudesmol, álcool sesquiterpenóide, que pode 

contribuir para as suas propriedades antioxidantes. Este facto sublinha a importância desta molécula 

nas indústrias agroalimentar, cosmética e farmacêutica. 

 

Palavras-chave: óleo essencial, β-eudesmol, Teucrium polium subsp. helichrysoides (Diels) Maire, 

atividade antioxidante. 

 
RESUMEN 

La seguridad de las sustancias químicas utilizadas en la industria agroalimentaria, cosmética y 

farmacéutica ha suscitado una gran preocupación. Esta preocupación está relacionada sobre todo 

con los efectos secundarios potencialmente nocivos de los antioxidantes sintéticos, que se han 

asociado con daños hepáticos y carcinogénesis. Por consiguiente, es imperativo explorar soluciones 

alternativas, y las plantas medicinales constituyen una importante reserva de moléculas bioactivas 

con propiedades biológicas. Este estudio investiga la actividad antioxidante del aceite esencial (AE) 

de Teucrium polium subsp. helichrysoides (Diels), originario del Sáhara Central y conocido por sus 
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propiedades medicinales. El aceite esencial se extrajo por hidrodestilación y posteriormente se 

determinó su perfil fitoquímico mediante cromatografía de gases-espectrometría de masas. Para 

determinar la actividad antioxidante del aceite esencial, se emplearon tres ensayos in vitro: 

eliminación de radicales libres difenil-1-picrilhidrazilo, poder antioxidante férrico reductor y 

blanqueo de β-caroteno. Los resultados demostraron que el AE presentaba un alto contenido de 

sesquiterpenos, siendo el β-eudesmol (66,67%) el principal compuesto identificado. Este quimiotipo 

β-eudesmol no se había identificado previamente en la bibliografía. A pesar de mostrar una 

capacidad significativa para eliminar radicales libres y un poder reductor, la actividad antioxidante 

del AE fue comparativamente más débil en la inhibición de la oxidación lipídica. La actividad 

antioxidante del AE fue más débil en comparación con la de los antioxidantes estándar. El AE de 

Teucrium polium L. subespecie de Hoggar contiene un alto contenido de sesquiterpenos 

oxigenados, en particular β-eudesmol, alcohol sesquiterpenoide, que puede contribuir a sus 

propiedades antioxidantes. Esto subraya la importancia de esta molécula en las industrias 

agroalimentaria, cosmética y farmacéutica. 

 

Palabras clave: aceite esencial, β-eudesmol, Teucrium polium subsp. helichrysoides (Diels) Maire, 

actividad antioxidante. 

 

 

1 INTRODUCTION 

The majority of fats present in foodstuffs are triglycerides, which are susceptible to 

autoxidation. This results in oxidative deterioration and the development of undesirable flavours, 

particularly in unsaturated fatty acids. Factors such as light, chlorophyll, metals such as iron and 

copper, and enzymes such as lipoxygenase accelerate this process (Schaich, 2005). Since the 1940s, 

synthetic antioxidants such as BHA (butylated hydroxyanisole), BHT (butylated hydroxytoluene), 

PG (propyl gallate), and TBHQ (tertiary butyl hydroquinone) have been employed in the food 

industry. Despite their efficacy, synthetic antioxidants have been the subject of concern regarding 

their potential adverse health effects. Consequently, over the past two decades, research has 

increasingly focused on identifying antioxidants derived from plant materials as natural and cost-

effective alternatives to synthetic antioxidants to enhance consumer health and ensure food safety 

(Hashemi et al., 2017; Bolouri et al., 2022). 

The genus Teucrium is a large and polymorphic group within the Lamiaceae family. The 

Plant List includes 415 accepted scientific names for this genus, encompassing species, subspecies, 

varieties, forms, and hybrids, which are classified into ten sections, including Polium (Mill.) 

(Candela et al., 2021).  

In Algeria, Teucrium polium is represented by 12 subspecies, being particularly prevalent in 

the Saharan Atlas, here, which grow spontaneously in the stony beds of wadis at altitudes between 

1200 and 2600 meters. In the central Sahara, two endemic subspecies are described: The first is 

geyrii Maire, which has white corollas and grey tomentum and is found in Tassili N'Ajjer. The 

second is helichrysoides (Diels) Maire, which has yellow corollas and tomentum and is found in the 
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Hoggar and Tefedest regions. The germander family is one of the most highly valued plants in the 

Hoggar region. The Tuaregs are well-acquainted with the plant, which they refer to as 'Tekmezzout'. 

The plant is used in poultices for wounds and in infusions as a stomachic and antidiarrheal remedy. 

Locally known as "Kheyata" or "Jaada," these aromatic plants are used in Algerian folk medicine 

for their hypoglycaemic, hypolipidaemic, anti-inflammatory, antibacterial, and antioxidant 

properties (Sihoglu Tepe et al., 2021; Benchelah et al., 2004).  

The objective of the present study is to enhance the value of our knowledge of the floral 

richness of the Hoggar region by investigating the chemical composition and in vitro antioxidant 

properties of the essential oil from Teucrium polium subsp. helichrysoides (Diels) Maire subspecies, 

which has been studied for the first time. 

 

2 MATERIAL AND METHODS 

2.1 SELECTION AND IDENTIFICATION OF PLANT MATERIAL 

In June 2018, during the blossom time, branches of Teucrium polium subsp. helichrysoides 

(Diels) Maire (Figure 1) were obtained at the Ilamen station (longitude 5° 29' 30", latitude 23' 14' 

26.9") in the Hoggar region (Tamanrasset, Algeria). According to Maire (1952), the plant was 

identified by scientist (Sahki R.) from the National Forest Research Institute (INRF) at Tamanrasset. 

Plant material was dried to weight stability in the shade, at ambient temperature and away from 

light. Dried samples were properly stored in a dry environment. 

 

Figure 1. General appearance of a Teucrium polium subsp. helichrysoides (Diels) Maire tuft during the blossom time. 

 
Source: Prepared by the authors themselves 

 

2.2 ESSENTIAL OIL EXTRACTION 

The air-dried leaf biomass was subjected to hydro-distillation for 4 hours in a Clevenger 

apparatus in accordance with the European Pharmacopoeia (2008). The yield of essential oil was 

expressed as w/w with respect to dry matter.  The EO was filtered and stored in the dark at 4°C prior 

to analysis and bioassay testing. 
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2.3 MASS SPECTROMETRY ANALYSIS 

The essential oil of Teucrium polium subsp. helichrysoides (Diels) Maire was analysed by 

gas chromatography-mass spectrometry (GC-MS) using a Hewlett Packard 6890 plus gas 

chromatograph coupled to Hewlett Packard Agilent 5973 mass spectrometry. The capillary column 

used was HP-5 MS (stationary phase: 5% Phenyl 95% dimethylpolysiloxane) with the following 

characteristics: length, 30 m; internal diameter, 0.25 mm; film thickness 0.25 µm. The helium was 

used as the carrier gas at a flow rate through the column 0.5 mL/min. Injection mode was split 1/80, 

the injector temperature was maintained at 250 °C and the flame-ionisation detector (FID) at 230°C. 

The oven temperature was programmed as follows: initial temperature 60°C for 8min, programmed 

rate 2°C/min up to final temperature 250°C with isotherm for 10 min. The injected volume of fixed 

oils is 0.2 µL. Ionisation energy 70 eV in electronic ionisation mode; ion source temperature 230°C, 

scan mass range m/z 30-550 and interface line temperature 280°C. 

 

2.4 EVALUATION OF ANTIOXIDANT ACTIVITY 

2.4.1 DPPH radical scavenging assay 

The antiradical potential of Teucrium polium subsp. helichrysoides (Diels) Maire essential 

oil was evaluated using the free DPPH radical assay as described by Kedir et al. (2023), with slight 

modifications. Briefly, 1 mL of DPPH solution (0.1 mM) was combined with 1 mL of essential oil 

dissolved in ethanol at different concentrations. The mixtures were then incubated at 27°C for 30 

minutes. As the reduction occurs, the colour of the solution gradually diminishes, thereby 

facilitating the efficient tracking of the reaction's progress via the use a UV-visible 

spectrophotometer at 517 nm. The concentration of DPPH• in the reaction medium was determined 

using the following equation, obtained through calibration curve:  

 

A517nm = 15.033 [DPPH•] T -7.1×10−3 

 

Where [DPPH•]T is expressed in g/L, with a correlation coefficient of R2=0.99. The 

remaining percentage of DPPH (DPPH• rem) for different antioxidants at varying concentrations 

was calculated using the equation: 

 

% DPPH•REM = [DPPH•]T / [DPPH•]T=0 

 

The amount of antioxidant required to reduce the initial DPPH• concentration by 50% was 

determined and reported as EC50. The positive controls employed were the synthetic antioxidants 

butylhydroxytoluene (BHT), butylated hydroxyanisole (BHA), and ascorbic acid (vitamin C). 
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The equilibrium time was determined by examining the kinetics of reactions between the 

tested essential oils and DPPH• at EC50. The parameter TEC50 is defined as the time required to 

reach equilibrium with an antioxidant concentration equal to EC50 (Popovici et al., 2009).  

The antiradical efficiency is a parameter that relates the concentration of DPPH• and the 

time required for the TEC50 assay to occur, with the effective concentration EC50 of the sample. This 

results in a constant parameter for each solution (Popovici et al., 2009). The following formula is 

used to determine this value:   

 

ARE= 1/ (EC50× TEC50) 

 

where ARE: Antiradical Efficiency, EC50: Median Effective Concentration (mg 

antioxidant/g DPPH•), ETC50 represents the time (min) required for equilibrium to be reached. The 

antiradical efficiency of the tested solutions was estimated based on the classification proposed by 

Sanchez- Moreno et al. (1998). 

 

2.4.2 Ferric ion reducing antioxidant power (FRAP) assay 

The reductive power of Teucrium polium subsp. helichrysoides (Diels) Maire essential oil 

was examined adopting the method of Bourkhis et al. (2010). The control consists of a solution of 

a synthetic antioxidant (BHT, BHA, vitamin C). The reductive ability was determined by calculating 

the EO and standards antioxidant concentration corresponding to an absorbance of 0.5, and reported 

as an EC₅₀ value (µg/mL). 

 

2.4.3 β-carotene bleaching (Inhibition of lipid peroxidation) assay 

The β-carotene bleaching assay was employed to assess the inhibitory capacity of Teucrium 

polium subsp. helichrysoides (Diels) Maire essential oil against lipid peroxidation, as previously 

documented by Tepe et al. (2004). The decolourisation kinetics of the emulsion were monitored at 

regular time intervals over 48 hours at a wavelength of 470 nm. The percentage of antioxidant 

activity (AA) of the tested samples (essential oil, BHT, BHA, vitamin C) was calculated using the 

following equation: 

 

AA % = (Abs sample 2H - Abs control 2H ) / (Abs sample 0H - Abs control 2H ) 

 

Where Abs sample 0H and Abs sample 2H represent the absorbances in the presence of the tested 

samples at 0 and 2 hours, respectively, and Abs control 2H denotes the absorbance without samples 

at 2 hours. 
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2.5 DATA ANALYSIS 

Each experiment was replicated at least three times and data were expressed as mean ± 

standard deviation. The data were analysed using the SPSS 18 statistical software package (IBM 

Corp., 2010). One-way analysis of variance (ANOVA) was performed. A series of post-hoc 

comparisons were made using the Tukey test to compare means. Different letters (a to d) indicate 

that the means are significantly different (*** Significant at Tukey test p ≤ 0.05)  

 

3 RESULTS 

3.1 PHYTOCHEMICAL SCREENING OF THE ESSENTIAL OIL 

The essential oil obtained from the aerial parts of Teucrium polium subsp. helichrysoides 

(Diels) Maire, harvested at its flowering period, was pale yellow in colour, with a yield of 0.8 ± 

0.02% (w/w).  Through GC/MS analysis, we identified 47 compounds (as presented in Table 1), 

accounting for 96.64% of the sample. The compounds were listed in ascending order based on their 

(RI). The essential oil content was primarily composed of oxygenated sesquiterpenes (70.76%), 

followed by hydrocarbon monoterpenes (14.20%), and a small amount of oxygenated monoterpenes 

(6.01%) and hydrocarbon sesquiterpenes (5.69%). The essential oil is composed mainly of β-

eudesmol, which accounts for 66.67% of the total composition. Smaller amounts of caryophyllene, 

α- Thujene, and ρ-Cymene are also present, at 3.91%, 3.43%, and 2.53%, respectively. This is the 

first report of the β -eudesmol Teucrium polium L. chemotype, which was not previously identified 

in the bibliography.  

 

Table 1. Chemical Composition of Teucrium polium L. subsp. geyrii Maire essential oil. 
Nº Compounds (%) RT KIa KIb Nº Compounds (%) RT KIa KIb 

01 α- Thujene 3.43 9.26 936 930 25 
Cis Linalool 

oxide 
0.22 25.89 1174 1174 

02 α-Pinene 1.55 9.59 941 939 26 terpinen 4-ol 2.01 26.18 1178 1177 

03 2,4-Thujadiene 0.20 10.20 950 960 27 α-Terpineol 0.16 26.84 1188 1188 

04 Sabinene 1.09 11.93 975 975 28 myrtenal 0.07 27.39 1196 1195 

05 β-pinène 0.79 12.08 977 979 29 verbenone 0.10 28.41 1210 1205 

06 β -myrcène 1.26 13.11 992 990 30 Cis carveol 0.09 29.22 1222 1229 

07 α-Terpinene 0.36 14.69 1014 1017 31 Cuminaldehyde 0.14 30.46 1240 1241 

08 ρ-Cymene 2.53 15.31 1023 1024 32 Carvone 0.11 30.79 1244 1243 

09 Limonene 2.11 15.57 1027 1029 33 Carvenone 0.18 31.41 1253 1258 

10 Trans-β-Ocimene 0.25 16.99 1047 1050 34 Carvacrol 0.32 34.61 1299 1299 

11 γ-Terpinene 0.63 17.63 1056 1059 35 β-caryophellene 3.91 42.70 1419 1419 

12 
Trans-sabinène 

hydrate 
0.08 18.60 1070 1070 36 α-caryophellene 0.78 44.25 1446 1454 

13 
Trans Linalool 

oxide 
0.13 19.88 1088 1088 37 α-selinene 0.78 46.96 1493 1498 

14 Linalool 0.12 20.40 1096 1096 38 Y- cadinene 0.05 47.98 1510 1513 

15 α-thujone 0.41 20.76 1101 1102 39 δ-Cadinene 0.16 48.57 1520 1523 

16 β-thujone 0.46 21.75 1115 1114 40 
Caryophyllenyl 

alcohol 
0.53 50.22 1549 1572 
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17 
Dehydro sabina 

ketone 
0.25 22.14 1121 1120 41 

Germacrene D-
4-ol 

0.13 51.66 1574 1575 

18 α-Campholenal 0.17 22.52 1126 1126 42 Spathulenol 0.06 51.78 1576 1578 

19 
trans-Dihydro-β-

terpineol 
0.13 23.31 1137 1138 43 

β -

Caryophyllène 
oxide 

1.57 52.04 1580 1583 

20 Trans-Pinocarveol 0.21 23.52 1140 1139 44 
Humulene 
epoxide II 

0.96 53.44 1604 1608 

21 Camphor 0.21 23.88 1146 1146 45 τ-Cadinol 0.33 55.56 1641 1640 

22 Sabina ketone 0.27 24.75 1158 1159 46 β-Eudesmol 66.67 56.09 1650 1650 

23 β-Terpineol 0.07 24.98 1161 1163 47 α-Bisabolol 0.51 58.22 1687 1685 

24 Umbellulone 0.09 25.67 1171 1171  Total 96.64% 

Oxygenated Sesquiterpenes 70.76% 

Hydrocarbons  Sesquiterpenes 5.69% 

Hydrocarbons Monoterpenes 14.20% 

Oxygenated Monoterpenes 6.01% 

Source: Prepared by the authors themselves 

 

3.2 ANTIOXIDANT ACTIVITY 

3.2.1 DPPH radical scavenging assay 

The antioxidant activity of Teucrium polium subsp. helichrysoides (Diels) Maire essential 

oil and synthetic antioxidants (BHT, BHA, vitamin C) was evaluated using a spectrophotometer. 

The results demonstrate that the remaining percentage of DPPH• is inversely proportional to the 

concentration of the essential oil of the plant under investigation. As the concentration of the 

essential oil increases, the remaining percentage of DPPH• decreases until a plateau is reached, 

corresponding to the near total exhaustion of the DPPH• present in the reaction medium (Figure 

2A). The essential oil of Hoggar Teucrium polium L. helichrysoides subspecies demonstrated a 

remaining percentage of DPPH• of 18.49 ± 0.26% at a concentration of 4500µg/ml. 

In order to overcome the influence of concentration, the reactivity is estimated by the 

effective concentration EC50 of the antioxidant. The EC50 index is defined as a 50% reduction in the 

activity of DPPH• in the reaction medium. This is inversely proportional to the antioxidant capacity 

of the compound in question. Therefore, the higher the antioxidant capacity, the smaller the value 

of EC50. The essential oil of Teucrium polium subsp. helichrysoides (Diels) Maire has been 

demonstrated to convert the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH•) to a stable 

diphenylpicrylhydrazine (DPPH-H) with an EC50 of 2609.26±33.35 µg/mL. This process has been 

shown to result in significantly (p ≤ 0.05) lower antioxidant activity and capacity to trap the DPPH 

free radical compared to synthetic antioxidants (Table 2). It appears that the most effective 

antioxidant is vitamin C (ascorbic acid), with an EC50 of 1.91 ± 0.015µg/mL.  

The reduction kinetics of [DPPH•] Rem obtained for the EC50 concentration of the essential 

oil and synthetic antioxidants are shown in Figure 2B. The results obtained and the estimation of 

the TEC50 provided by Brand-Williams et al. (1995) indicate that the synthetic antioxidant (vitamin 
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C) reacts more rapidly with DPPH•. It requires 1.85 minutes to decrease the concentration of the 

free radical by 50%. In contrast, the reaction rates of BHT and BHA are significantly slower, with 

reaction times of 35.29 minutes and 43.12 minutes, respectively. The essential oil under examination 

displays an intermediate reaction profile, with a TEC50 of 25.20 minutes. 

The essential oil was found to exhibit biphasic reaction kinetics, with two distinct zones. The 

first zone, which was observed within the first 25 minutes, displayed a high kinetic trapping zone 

of the radical. The second zone, which displayed a low kinetic trapping zone of the DPPH radical 

or a tendency towards equilibrium, was also observed. 

 

Figure 2. A. The remaining [DPPH•] reduction kinetics as a function of essential oil concentration. B. The [DPPH•] 

remaining kinetics reduction at the IC50 concentration over time. 

 
Source: Prepared by the authors themselves 

 

3.2.2 Antiradical efficiency 

The antiradical efficiency has been defined, which combines the two parameters (EC50 and 

ETC50) to facilitate the characterisation of a substance's antioxidant behaviour. The parameters for 

calculating antioxidant activity are summarised in the table 2.  

 

Table 2. The parameters required for the calculation of ARE by the DPPH method. 

Substances EC50 (µg/mL) EC50 (g/kg DPPH) ETC50 (min) ARE  (10-3) 
Classificatio

n 

Essential oil 
2609.26±33.35 

a 
65231.58±613.39 25.20 ±0.29 a 0.0005a 

Low 

BHT 5.04±0.044 b 126.14±0.11 35.29±0.34 b 0.224b Low 

BHA 5.30±0.049 b 132.59±0.86 43.12±0.19 b 0.175b Low 

Ascorbic acid 1.91±0.015 c 47.90±0.27 1.85 ±0.03 c 11.28c Very high 

Significance *** *** *** ***  

Different letters (a to c) indicate that means are significantly differences (one-way ANOVA analysis of 

variance, Tukey test *** Significant at p ≤ 0.05 level). 

Source: Prepared by the authors themselves 

 

The antiradical efficiency, as classified by Sanchez- Moreno et al. (1998), is notably low for 

the essential oil and high to very high for the tested synthetic antioxidants. However, the antiradical 

efficiency of the essential oil is significantly (p ≤ 0.05) lower than that of the synthetic antioxidants. 
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Consequently, when the results are compared, the antioxidant activity of the substances 

tested by DPPH essay is ranked in the following order: Ascorbic Acid ˃BHT˃BHA ˃ Essential oil. 

 

3.2.3 β-carotene bleaching (Inhibition of lipid peroxidation) assay 

The study on the kinetics of β-carotene bleaching demonstrated that the essential oil, 

synthetic antioxidants (BHA, BHT, ascorbic acid), and the negative control exhibited analogous 

absorbance patterns, indicating comparable interpretations (Figure 3A). At the initial time point (t0), 

the absorbance is approximately 0.75, which reflects the absence of free radicals. Subsequently, 

there is a gradual decline in absorbance over the subsequent two hours, which can be attributed to 

the emergence of free radicals. Following a period of 12 to 48 hours, the bleaching process reaches 

a stationary state, with β-carotene fully degraded and the yellow colour irreversibly lost. This is 

referred to as the 'exhaustion time'. The negative control demonstrated a rapid degradation of β-

carotene, which can be attributed to the absence of antioxidant protection against oxidation. 

The essential oil failed to achieve total inhibition of the coupled oxidation of linoleic acid 

and β-carotene. At a concentration of 2 mg/ml, the inhibition rate demonstrated was 67.62 ± 1.64%, 

which was significantly lower (p ≤ 0.05) than the inhibition rates of BHT (90.65 ± 1.46%) and BHA 

(86.83 ± 1.88%). However, it was significantly higher (p ≤ 0.05) in comparison to Vitamin C, which 

demonstrated an inhibition rate of 37.49 ± 1.56% (Figure 3B).  

 

Figure 3. A. The kinetics of β-carotene bleaching by essential oil and synthetic antioxidants. B. Antioxidant activity 

(Act %) of essential oil and synthetic antioxidants by β-carotene assay. 

 
Source: Prepared by the authors themselves 

 

3.2.4 Ferric ion reducing antioxidant power (FRAP) assay 

The FRAP method employs an electron transfer mechanism to inactivate free radicals. This 

process assesses reducing agents that reduce the Fe³⁺ ferricyanide complex to Fe²⁺ in an acidic 

environment via electron transfer. The generation of Fe²⁺ can be quantified by measuring the 

formation of Perl's Prussian blue at 700 nm (Jayanthi and Lalitha, 2011). The dose- dependent 
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curves, which illustrate the reducing power of Teucrium polium subsp. helichrysoides (Diels) Maire 

essential oil and synthetic antioxidants as positive controls, are presented in Figures 4A and 4B. At 

a concentration of 2000 μg/mL, the essential oil exhibited the highest reducing power, with an 

absorbance value of A700=0.768. 

 

Figure 4. Reducing power of the tested essential oil (A) and synthetic antioxidants (B) 

 
Source: Prepared by the authors themselves 

 

The figure 5 indicates that the studied essential oil exhibited minimal antioxidant activity, 

with an EC50 value of, 66 µg/mL, in comparison to the antioxidant activity of the standard 

antioxidants (BHA, BHT, Vitamin C), which had EC50 values ranging from 17.80 to 32.71 µg/mL. 

 

Figure 5. Median Effective Concentration (EC50) 

Source: Prepared by the authors themselves 

 

4 DISCUSSION 

This study represents the inaugural documentation of β-eudesmol as a predominant 

compound in Teucrium polium L., as it has not been previously referenced in the scientific literature. 

These results are consistent with previous studies, which indicate that the essential oils of Teucrium 

species are predominantly composed of sesquiterpenoids (De Martino et al., 2020). According to 

the Köppen-Geiger classification, the Hoggar region is classified as a hot desert climate (BWh). 

According to Tsusaka et al. (2020), induce the production of sesquiterpenoids, in response to biotic 

and abiotic stresses, as well as soil acidity. The studies also show that the absolute content of β-

eudesmol varies depending on environmental factors such as biological and abiotic stress. Teucrium 
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polium L. essential oil exhibits significant chemical polymorphism even among individuals of the 

same species with identical genomes and phenotypes. Most of the minor compounds present in the 

volatile oil of Teucrium polium subsp. helichrysoides (Diels) Maire have also been identified in 

Teucrium polium L. from various geographical locations in Algeria, albeit at varying concentrations. 

For instance, the essential oil of Teucrium polium L. from Mascara is dominated by limonene, which 

is only weakly present in our essential oil at a level of 2.11% (Maizi et al., 2019). Hammoudi et al. 

(2013) reported that the the Teucrium polium L. subsp. geyrii Maire from Hoggar contained mainly 

sesquiterpene hydrocarbons. They also found that the Hoggar region had a limonene chemotype. 

The Djelfa region's essential oil contains a significant amount of β-pinene (13.26%) and limonene 

(12.65%) as reported by Touaibia et al. (2021). In the Tlemcen region, the essential oil is dominated 

by Germacrene D, according to Bendjabeur et al. (2018). Meanwhile, Kerbouche et al. (2015) 

identified δ-cadinol chemotype in a species of Teucrium polium L. collected from the wilaya of 

M'sila. The essential oil under study contains 3.91% β-caryophyllene, making it the second most 

abundant compound. El Atki et al. (2020) identified it as the primary constituent of the essential oil 

extracted from Teucrium polium subsp. Aurum species in Morocco.  

Gorgini Shabankare et al. (2015) demonstrated that different bioclimatic stages significantly 

influence the phytochemical diversity of Teucrium polium L. in Iran. Sub-humid and semi-arid 

populations exhibited higher levels of β-caryophyllene, while arid regions showed greater 

concentrations of farnesene and linalool. Hechachna et al. (2023) additionally highlighted the 

potential for selective harvesting at specific periods to yield essential oils with distinct chemotypes. 

Asgharipour and Shabankare (2017) also demonstrated that the chemical composition of essential 

oils varies by phenological stage. During full flowering, the essential oils are dominated by 

sesquiterpenes, while monoterpenes are prevalent during vegetative growth. Furthermore, Jalali et 

al. (2021) emphasised that the extraction method and plant parts employed can influence the 

essential oil profile. Boulila et al. (2008) also demonstrated that genetic factors contribute to 

phytochemical variation in Tunisian T. polium L. populations. Recent advancements, such as the 

integration of RAPD markers with statistical tools, have enhanced the ability to differentiate 

genotypes, suggesting that future studies should integrate morphological, chemical, and molecular 

markers (Barra, 2009). 

 

4.1 ANTIOXIDANT ACTIVITY 

The complexity of phytochemicals precludes the possibility of accurately assessing the total 

antioxidant activity plant extracts using a single method. It is therefore essential to employ a 

minimum of two methods to evaluate the overall antioxidative effects of plant extracts (Brand-
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Williams et al., 1995). The in vitro antiradical activity of essential oil from Teucrium polium subsp. 

helichrysoides (Diels) Maire was evaluated using three spectrophotometric assays:  DPPH, β-

carotene bleaching with linoleic acid, and FRAP tests. It is noteworthy that this is the first report on 

the antioxidant activities of the essential oil from this subspecies. 

The essential oil of Teucrium polium subsp. helichrysoides (Diels) Maire exhibited a 

significant capacity to scavenge DPPH free radicals, with an EC50 value of 2609.26±33.35 µg/mL, 

which was in accordance with the results of the reducing power assay, which yielded an EC50 value 

of 1099.92± 5.21 µg/mL. However, it demonstrated comparatively weaker performance in 

inhibiting lipid oxidation, achieving only 65.54 ± 1.64% inhibition of linoleic acid oxidation at 2 

mg/mL. Overall, Tukey’s test clearly indicate that this essential oil is significantly (p ≤ 0.05) less 

effective as an antioxidant compared to the standard antioxidant.  

In a recent study, Chen et al. (2023) posited that the low antioxidant activity observed in 

essential oils is likely attributable to the prevalence of non-phenolic compounds, which exhibit 

markedly weak antioxidant properties. The DPPH• test is qualitative and, while it follows the 

principle outlined by Brand-Williams et al. (1995), discrepancies in analytical protocols may impact 

the reliability of antioxidant activity comparisons with previous findings in the literature.  

The DPPH radical scavenging ability of the essential oil under study appears to be significant 

in comparison to that documented by Maizi et al. (2019), who reported low antioxidant activity for 

essential oils isolated from Teucrium polium L. during flowering, with IC50 values of 16.14 and 9.2 

mg/mL, Similarly, El Atki et al. (2020) reported comparable effects for oils derived from two 

subspecies of Teucrium polium L. (aurum and polium), with IC50 values of 3.7 and 7.2 mg/mL, 

respectively. 

 The antioxidant capacity of the studied essential oil can be attributed to the presence of 

certain components with antioxidant activity. It has been indicated that essential oils which are rich 

in monoterpenes, oxygenated monoterpenes, and/or sesquiterpenes tend to demonstrate a greater 

and higher antioxidative potential (Tepe et al., 2004). According to Ruberto and Baratta (2000), 

these compounds are primarily responsible for the antioxidant potential of essential oils due to their 

ability to act as hydrogen or electron donors, leading to the reductive transformation of the free 

radical DPPH• DPPH• into a stable molecule DPPH-H, and consequently, the formation of a yellow 

colouration. As elucidated by Popovici et al. (2009), the process of free radical scavenging by 

antioxidants occurs through two distinct mechanisms. The first is rapid kinetics, which is 

characterised by the release of a hydrogen atom from the hydroxyl group. The second is slower 

kinetics, which involves the release of an electron. 

The essential oil under examination is primarily composed of oxygenated sesquiterpenes. It 
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is widely acknowledged that sesquiterpenes typically exhibit a reduced antioxidant capacity in 

comparison to monoterpenes. Indeed, essential oils comprising a high proportion of oxygenated 

compounds have been demonstrated to exhibit superior antioxidant properties (Okoh et al., 2011). 

However, oxygenated compounds, particularly alcohols, are known to enhance free radical 

scavenging and reduce lipid peroxidation, primarily due to the presence of hydroxyl groups in their 

chemical structure (De Moraes et al., 2022). In a study conducted by Jaradat et al. (2018), it was 

demonstrated that T. pruinosum essential oil with a high content of sesquiterpenoid alcohols 

(50.79%) exhibited significant antioxidant activity. It is probable that these characteristics 

contribute to the antioxidant activity observed in the essential oil derived from Teucrium polium 

subsp. helichrysoides (Diels) Maire against DPPH• radicals. 

It is expected that a lower (TEC50) and an EC50 lower will result in an increased ARE. Table 

2 provides an illustrative example of the significance of the ARE. Despite comparable EC50 values 

for BHT and ascorbic acid, the ARE for BHT was 50 times higher than that for ascorbic acid. This 

evidence substantiates the assertion that the ARE is a more appropriate parameter than the EC50, 

which is a widely used measure, for the selection of antioxidant compounds. The ARE indicates 

that Teucrium polium subsp. helichrysoides (Diels) Maire essential has low antioxidant efficiency, 

comparable with that of BHT and BHA.  

The reducing power of the examined essential oil from Teucrium polium subsp. 

helichrysoides closely corresponds to the IC50 of 980 µg/mL reported by Touaibia et al. (2021) for 

the essential oil of Teucrium polium L. from Djelfa, Algeria. Consequently, reducing power serves 

as a pivotal indicator of a compound's potential antioxidant capacity, as antioxidants are recognised 

for their role as reductants and inactivators of oxidants (Bougandoura and Bendimerad, 2012). 

 It can thus be posited that the antioxidant activity observed in the essential oil of Teucrium 

polium subsp. helichrysoides (Diels) Maire is likely due to its major compounds, notably beta-

eudesmol, which contains hydroxyl groups. As demonstrated by Kim et al. (2018), the antioxidant 

efficacy of this compound reaches 49% at a concentration of 20 μM (4.4 µg/mL), which is 

comparable to that BHT and BHA in this study. Wang et al. (2019) indicate that the terpenes α-

pinene, limonene, myrcene, linalool, and terpineol, which are present in minor quantities in the 

studied essential oil, were identified as effective DPPH scavengers and reducing agents. The free 

radical scavenging activity and reducing power of α-pinene were the most pronounced, while the 

sesquiterpene hydrocarbon β-caryophyllene demonstrated consistently low levels of activity in line 

with the findings of Ruberto and Baratta (2000). 

The linoleic acid free radical, generated by the abstraction of a hydrogen atom from one of 

its diallylic methylene groups, initiates an attack on the highly unsaturated β-carotene molecule. 



Brazilian Journal of Animal and Environmental Research 
ISSN: 2595-573X 

15 

 

 

Brazilian Journal of Animal and Environmental Research, Curitiba, v.8, n.1, p. 1-19, 2025 

This interaction results in the oxidation of β-carotene, leading to a loss of its characteristic orange 

colour. This change is then quantified spectrophotometrically (Okoh et al., 2011). This phenomenon 

can be explained by the paradox of polar phenomena described by Laguerre et al. (2015). This is 

because the β-carotene bleaching test resembles a lipid emulsion system in water, were linoleic acid 

forms micelles in aqueous systems.  

The structural features of antioxidants, such as the specific arrangement of hydroxyl groups, 

can at times play a more pivotal role than their polarity in determining antioxidant effectiveness 

(Anurak and Kesara, 2021; Gadoum et al., 2024). Moreover, the complex composition of essential 

oils can result in a range of interactions, including synergistic, additive, or antagonistic effects, 

between their constituents and the surrounding medium. These interactions can influence the 

distribution of antioxidants within different phases of an emulsion (Anurak and Kesara, 2021; 

Koleva et al., 2002).   

 

5 CONCLUSION 

The essential oil Teucrium polium L. subspecies helichrysoides (Diels) Maire from Hoggar 

contains a high content of oxygenated sesquiterpenes, particularly β-eudesmol, a sesquiterpenoid 

alcohol, which contribute to its antioxidant properties. This highlights the potential of this molecule 

as a natural food preservative in the agro-food industry. To the best of our knowledge, this β-

eudesmol chemotype has not been previously identified in the literature. It is recommended that 

future research focus on developing strategies to address the challenges of using this oil as a 

sustainable food preservative, such as exploring nano-encapsulation, which offers a potential 

solution by enhancing the oil's efficacy through controlled release. In addition, a prerequisite for the 

advancement of this field is the thorough evaluation of the safety, environmental impact, and 

scalability of this technology. 

 

ACKNOWLEDGMENTS 

 

The authors wish to thank Professor Sahki R. from the National Forest Research Institute (INRF) at 

Tamanrasset for the identification of the plants. This work was supported by the Directorate-General 

for Scientific Research and Technological Development (DGRSDT) and the Ministry for Higher 

Education and Scientific Research of Algeria. 

  



Brazilian Journal of Animal and Environmental Research 
ISSN: 2595-573X 

16 

 

 

Brazilian Journal of Animal and Environmental Research, Curitiba, v.8, n.1, p. 1-19, 2025 

REFERENCES 

 

Adams R. P. Identification of Essential Oil Components by Gas Chromatography/Quadrupole Mass 

Spectrometry, 4th edn.  Allured Publishing Co. , Carol Stream, Illinois (2007). 

Anurak C. & Kesara N. (2021).  Lipophilicity, aqueous solubility, and degree of ionization of 

atractylodin and β-eudesmol, the bioactive compounds isolated from Atractylodes lancea.  

International Journal of Pharmacy and Pharmaceutical Sciences.  17-22.  10. 22159/ijpps. 

2021v13i6. 41398. 

Asgharipour M. and Shabankare H. G. (2017).  Comparison of chemical composition of Teucrium 

polium L.  essential oil affected by phenological stages.  Bangladesh Journal of Botany.  46(2).  583-

588. 

Barra A. (2009). Factors Affecting Chemical Variability of Essential Oils: A Review of Recent 

Developments.  Natural product communications.  4(8). 1147-54. 

Benchabane, Otmane & Hazzit, Mohamed & Baaliouamer, Aoumeur & Bitam, Arezki. (2018). 

Antioxidant and anticholinesterase activity of essential oils and ethanol extracts of Thymus 

algeriensis and Teucrium polium from Algeria.  Journal of Food Measurement and Characterization.  

12.  10. 1007/s11694-018-9845-x. 

Benchelah, A. -C & Bouziane, H. & Muradashvili, Maka.  (2004).  Fleurs du Sahara, arbres et 

arbustes, voyage au cœur de leurs usages avec les Touaregs du Tassili.  Phytothérapie.  2.  10. 

1007/s10298-004-0052-z. 

Bendjabeur, S. , Benchabane, O. , Bensouici, C. , Hazzit, M. , Baaliouamer, A. , and Bitam, A.  

(2018).  Antioxidant and anticholinesterase activity of essential oils and ethanol extracts of Thymus 

algeriensis and Teucrium polium from Algeria.  J.  Food Meas.  Charact.  12(4): 2278-2288.  doi: 

10. 1007/s11694-018-9845-x. 

Bolouri P, Salami R, Kouhi S, Kordi M, Asgari Lajayer B, Hadian J, Astatkie T. Applications of 

Essential Oils and Plant Extracts in Different Industries. Molecules.  2022; 27(24):89-99. 

Bougandoura, N., & Bendimerad, N. (2013). Evaluation de l’activité antioxydante des extraits 

aqueux et méthanolique de Satureja calamintha ssp. Nepeta (L.) Briq.  Revue Nature et 

Technologie, 5(2), 14-19.  

Boulila A. , Béjaoui A. , Messaoud C.  and Boussaid M.  (2008).  Variation of volatiles in tunisian 

populations of Teucrium polium L.  (Lamiaceae).  Chemistry & Biodiversity; 5(7): 1389–1400 doi: 

10. 1002/cbdv. 200890127. 

Bourkhiss, Mbarek & Hnach, M. & Paolini, J. & Costa, Jean & Farah, Abdellah & Satrani, Badr.  

(2010).  Propriétés anti oxydantes et anti-inflammatoires des huiles essentielles des différentes 

parties de Tetraclinis articulata (Wahl) Masters du Maroc. 

Brand-Williams, M. E. Cuvelier and C.  Berset.  Use of a free radical method to evaluate antioxidant 

activity.  LWT - Food Science and Technology.  1995; 28: 25–30. 

Candela RG, Rosselli S, Bruno M, Fontana G. A Review of the Phytochemistry, Traditional Uses 

and Biological Activities of the Essential Oils of Genus Teucrium. Planta Med.  2021 

May;87(6):432-479.  

Chen, Xiaohua, Shufeng Shang, Fei Yan, Hai Jiang, Guanjie Zhao, Shan Tian, Rui Chen, Dejing 

Chen, and Yafeng Dang. 2023. "Antioxidant Activities of Essential Oils and Their Major 



Brazilian Journal of Animal and Environmental Research 
ISSN: 2595-573X 

17 

 

 

Brazilian Journal of Animal and Environmental Research, Curitiba, v.8, n.1, p. 1-19, 2025 

Components in Scavenging Free Radicals, Inhibiting Lipid Oxidation and Reducing Cellular 

Oxidative Stress" Molecules 28, no.  11: 4559 

De Martino, L., Coppola, R. , De Feo, V. , Caputo, L. , Fratianni, F. , Nazzaro, F.  (2020).  Essential 

Oils Diversity of Teucrium Species.  In: Stanković, M.  (eds) Teucrium Species: Biology and 

Applications.  Springer, Cham.  

De Moraes, Â. A. B. ; Ferreira, O. O. ; da Costa, L. S. ; Almeida, L. Q. ; Varela, E. L. P. ; Cascaes, 

M. M. ; de Jesus Pereira Franco, C. ; Percário, S. ; Nascimento, L. D. d. ; de Oliveira, M. S. ; et al.  

Phytochemical Profile, Preliminary Toxicity, and Antioxidant Capacity of the Essential Oils 

of Myrciaria floribunda (H.  West ex Willd. ) O.  Berg.  and Myrcia sylvatica (G.  Mey) DC.  

(Myrtaceae).  Antioxidants 2022, 11, 2076. 

El Atki Y., Aouam I., El Kamari F., Taroq A., Lyoussi B., Abdellaoui A. Phytochemistry, 

antioxidant and antibacterial activities of two Moroccan Teucrium polium L. subspecies: Preventive 

approach against nosocomial infections, Arabian Journal of Chemistry, Volume 13, Issue 2,2020, 

Pages 3866-3874,https://doi. org/10. 1016/j.  

European Pharmacopoeia 8. 0, Determination of essential oils in herbal drugs, 2. 8.  12, 251–252 

(2008). 

Gadoum, A., Boukirat, D., Asma, H., Chahbar, M., & Adda, A. (2024). GC-MS Analysis, 

phytochemical characterization, antioxidant, antifungal, and antimicrobial activities of Carthamus 

tinctorius oil. Brazilian Journal of Animal and Environmental Research, 7(4), e75242. 

https://doi.org/10.34188/bjaerv7n4-096 

Gorgini Shabankare H. , Asgharipour M. R. , B.  A.  Fakheri (2015).  Morpho-chemical Diversity 

among Iranian Teucrium polium L.  (Lamiaceae) Populations in Fars Province.  Journal of 

Agricultural Science and Technology.  17(3): 705-716. 

Hammoudi, R. & Hadj Mahammed, M. & El, Ould & Didi, H.  (2013).  Journal of Medicinal Plants 

Research Chemical composition and antioxidant and antimicrobial activities of the essential oil from 

Teucrium polium geyrii (Labiatae).  7(20):1506-1510.  10. 5897/JMPR13. 5082. 

Hashemi S. M. B. , A. min M.  Khaneghah, F.  J.  Barba, Z.  Nemati, S.  S.  Shokofti, F.  

Alizadeh,Fermented sweet lemon juice (Citrus limetta) using Lactobacillus plantarum LS5: 

Chemical composition, antioxidant and antibacterial activities, Journal of Functional Foods,Volume 

38, Part A,2017, Pp 409-414. 

Hechachna, H. , Benfekih, L. A. , Gourine, N. , & Yousfi, M.  (2023).  Seasonal variation of yield, 

chemical composition and antimicrobial activity of Teucrium polium L.  essential oil growing in the 

south of Algeria.  Journal of Essential Oil Bearing Plants, 26(5), 1208–1219. 

Jalali K, Yavari A, Jafari L, Hasan M. Comparison of Essential Oil Content and Composition of 

Different Parts from Teucrium polium L. in Natural Habitat of Kerman Province.  Plant Process and 

Function 2021; 10 (42) :175-188. 

Jaradat N, Al-Lahham S, Abualhasan MN, Bakri A, Zaide H, Hammad J, Hussein F, Issa L, Mousa 

A, Speih R. Chemical Constituents, Antioxidant, Cyclooxygenase Inhibitor, and Cytotoxic 

Activities of Teucrium pruinosum Boiss. Essential Oil.  Biomed Res Int.  2018 Jul 

30;2018:4034689. 



Brazilian Journal of Animal and Environmental Research 
ISSN: 2595-573X 

18 

 

 

Brazilian Journal of Animal and Environmental Research, Curitiba, v.8, n.1, p. 1-19, 2025 

Kedir W. M. , Geletu A.  K. , Weldegirum G.  S. , Sima M.  F.  (2023).  Antioxidant activity of 

selected plants extract for palm oil stability via accelerated and deep frying study, Heliyon,Volume 

9, Issue 7,2023,e17980. 

Kerbouche, L. , Hazzit, M. , Ferhat, M.  A. , Baaliouamer, A. , & Miguel, M.  G.  (2015).  Biological 

Activities of Essential Oils and Ethanol Extracts of Teucrium polium subsp.  capitatum (L. ) Briq.  

and Origanum floribundum Munby.  Journal of Essential Oil Bearing Plants, 18(5), 1197–1208. 

Kim, K. Y. Anti-inflammatory and ECM gene expression modulations of β-eudesmol via NF-κB 

signaling pathway in normal human dermal fibroblasts.  biomed dermatol 2, 3 (2018). 

Koleva, I. I. , van Beek, T. A. , Linssen, J. P. H. , Groot, A. d.  and Evstatieva, L. N.  (2002), 

Screening of Plant Extracts for Antioxidant Activity: a Comparative Study on Three Testing 

Methods.  Phytochem.  Anal. , 13: 8-17. 

Laguerre, Mickaël & Bayrasy, Christelle & Panya, Atikorn & Weiss, Jochen & Mcclements, David 

& Lecomte, Jérôme & Decker, Eric & Villeneuve, Pierre. (2015). What Makes Good Antioxidants 

in Lipid-Based Systems? The Next Theories Beyond the Polar Paradox.  Critical Reviews in Food 

Science and Nutrition.  55.  183-201.  10. 1080/10408398. 2011. 650335. 

Maire R. Flore de lʼAfrique du Nord (Maroc, Algérie, Tunisie, Tripolitaine, Cyrenaïque et Sahara) 

Lechevalier Editor, Paris (1952). 

Maizi, Y. , Meddah, B. , Tir Touil Meddah, A.  and Gabaldon Hernandez, J. A.  (2019).  Seasonal 

variation in essential oil content, chemical composition and antioxidant activity of Teucrium polium 

L.  growing in Mascara (North West of Algeria).  J.  Appl.  Biotechnol.  Rep.  6(4): 151-157.  doi: 

10. 29252/JABR. 06. 04. 04. 

Okoh, O., Sadimenko, A., Afolayan, A. (2011). Antioxidant activities of Rosmarinus officinalis L.  

essential oil obtained by hydro-distillation and solvent free microwave extraction.  African Journal 

of Biotechnology.  10.  4207-4211. 

Popovici, Cristina & Saykova, Ilonka & Tylkowski, Bartek. (2009). Evaluation de l'activité 

antioxydant des composés phénoliques par la réactivité avec le radical libre DPPH.  Revue de Génie 

IndustrieL.  4.  25-39. 

Popovici, Cristina & Saykova, Ilonka & Tylkowski, Bartek. (2009). Evaluation de l'activité 

antioxydant des composés phénoliques par la réactivité avec le radical libre DPPH.  Revue de Génie 

IndustrieL.  4.  25-39. 

Ruberto, G. and Baratta, M. T.  (2000) Antioxidant Activity of Selected Essential Oil Components 

in Two Lipid Model Systems.  Food Chemistry, 69, 167-174.. 

Sahki, A. ,. Sahki R.  (2004).  Le Hoggar - promenade botanique, Atelier Ésope, Lyon, 312 p.. 

Sanchez Moreno, C., Larrauri, J.A. and Saura-Calixto, F. (1998) A Procedure to Measure the 

Antiradical Efficiency of Polyphenols. Journal of the Science of Food and Agriculture, 76, 270-276. 

Schaich, K.M. (2005). Lipid Oxidation: Theoretical Aspects. In Bailey's Industrial Oil and Fat 

Products, F. Shahidi (Ed.). doi.org/10.1002/047167849X.bio067  

Sihoglu  Tepe A. ,  Ozaslan  M. ,  Kilic, I. H.,  Bayil  Oguzkan  A.   2021.  Traditional  uses,  

phytochemistry,  and  toxic  potential  of  Teucrium  polium  L. :  A comprehensive review.  

International Journal of Plant Based Pharmaceuticals, 1(1), 1-41, https://doi. org/10. 62313/ijpbp. 

2021. 



Brazilian Journal of Animal and Environmental Research 
ISSN: 2595-573X 

19 

 

 

Brazilian Journal of Animal and Environmental Research, Curitiba, v.8, n.1, p. 1-19, 2025 

Tepe B, Daferera D, Sökmen M, Polissiou M, Sökmen A. In vitro antimicrobial and antioxidant 

activities of the essential oils and various extracts of Thymus eigii M. Zohary et P. H.  Davis.  J 

Agric Food Chem.  2004 Mar 10;52(5):1132-7.  doi: 10. 1021/jf035094l.  PMID: 14995110. 

Touaibia, M., Abdelali, M. D. , Raber Elmaiz F. , and Saidi, F.  (2021).  Phyto-chemical 

characterization and evaluation of some biological activities of felty germander essential oil: 

Teucrium polium L.  (Lamiaceae).  RHAZES: Green and Appl.  Chem.11(2): 97-107. 

Tsusaka, T. , Makino, B., Ohsawa, R..  Evaluation of heritability of β-eudesmol/hinesol content 

ratio in Atractylodes lancea De Candolle. Hereditas 157,7 (2020).  

Wang, C. Y. , Chen, Y.  W. , & Hou, C.  Y.  (2019).  Antioxidant and antibacterial activity of seven 

predominant terpenoids.  International Journal of Food Properties, 22(1), 230–238.  https://doi. 

org/10. 1080/10942912. 2019. 1582541. 

 

 

 


