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Abstract. Ed-Dra A, Filali FR, Presti VL, Zekkori B, Nalbone L, Elsharkawy ER, Bentayeb A, Giarrtana F. 2021. Effectiveness of 

essential oil from the Artemisia herba-alba aerial parts against multidrug-resistant bacteria isolated from food and hospitalized 

patients. Biodiversitas 22: 2995-3005. The World Health Organization has sounded the warning on the diffusion of multidrug resistance 

(MDR) bacteria, requiring solutions and alternatives to solve the therapeutic failure that may occur. This study aims to evaluate the 

antioxidant activity and bactericidal effectiveness against MDR bacteria of Artemisia herba-alba essential oil (A-EO) collected from 

semi-arid region of Morocco. Chemical composition of the A-EO was determined by Gas Chromatography-Flame Ionisation Detector 

and Gas Chromatography-Mass Spectrometry, while the antioxidant activity was performed by DPPH scavenging activity and β-

carotene bleaching assay. Antibacterial activity of A-EO, performed by disc diffusion assay and broth dilution method, was tested 

against: four MDR strains (Escherichia coli, Staphylococcus aureus, Salmonella Typhimurium and Enterococcus faecalis) isolated from 

food matrices, two (Klebsiella pneumonia and Pseudomonas aeruginosa) from hospitalized patients, and Escherichia coli ATCC 25922 

as reference strain. Davanone was the main compound among the 17 identified. An antioxidant activity with IC50 of 1.13±0.02 mg/mL, 

EC50 of 2.12±0.05 mg/mL and RC50 of 0.87±0.02 mg/mL was observed. A weak activity against P. aeruginosa was observed, while it 

was intermediate or high against the other bacteria. This study confirms that A-EO could be a suitable alternative to antibiotics in the 

infection treatment related to MDR bacteria. 

Keywords: Antibacterial, antioxidant, Artemisia herba-alba, essential oils, multidrug resistant bacteria 

Abbreviations: DPPH: 2,2-diphenyl-1-picrylhydrazyl; TTC: 2, 3, 5-diphenyltetrazolium chloride; AMR: Antimicrobial resistance; A-

EO: Artemisia herba-alba essential oil; BHI: Brain Heart Infusion; BHT: Butylhydroxytoluene; EOs: Essential oils; FID: Flame 

Ionisation Detector; GC: Gas Chromatography; MS: Mass spectrometer; MBC: Minimum Bactericidal Concentration; MDR: Multidrug 

resistance; MHB: Mueller Hinton broth; MIC: Minimum Inhibitory Concentration; RI: Retention index  

INTRODUCTION 

During the last years, there has been an increasing 

interest in phytomedicine. Nowadays, disciplines such as 

ethnobotany and ethnopharmacology, which aim to study 

and develop natural drugs to treat patients and validate 

traditional use of medicinal plants, have aroused growing 

interest from the scientific community (Anand et al. 2019). 

In this regard, several herbs and plants were used not only 

as preventive and therapeutic disease treatments but also as 

natural additives in foods and beverages (Caceres et al. 

1990; Giarratana et al. 2013; Giarratana et al. 2016; 

Trabelsi et al. 2019; Anand et al. 2020). 

Among natural compounds used in phytomedicine, 

essential oils (EOs) derived from aromatic plants, have 

been explored and gained prominence (Bakkali et al. 2008). 

The EOs can be defined as a complex oily mixture of various 

organic constituents such as terpenes, sesquiterpenes, 

phenolic ethers, nitrogen and sulfur compounds responsible 

for their biological properties (Telci et al. 2006; Langeveld 

et al 2014). Several authors have demonstrated the 

antioxidant, anti-inflammatory, and anti-carcinogenic 

properties of different EOs that have been used against 

parasites, yeast, mold, and bacteria (Lu et al. 2004; Viuda-

Martos et al. 2008; Hirota et al. 2010; Giarratana et al. 

2014; Giarratana et al. 2017; Ed-Dra et al. 2018a). 

The bactericidal activity of EOs could represent a 

possible solution against the always more diffusion of 

antimicrobial resistance (AMR), related to the misuse of 

antibiotics in human and veterinary praxis (Amuka et al. 

2013; WHO 2017). The antibiotics used in food-producing 

animals are often the same as those used in human 
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medicine (EFSA and ECDC 2018). As a consequence, 

bacteria have adapted by developing alternative systems 

(enzymatic inactivation, modification of drug targets, 

mechanical protection by biofilm formation) to survive and 

growth becoming more and more resistant to common 

treatments (Anand et al. 2019). Not by chance, AMR has 

been reported in pathogenic, commensal and even 

environmental bacteria (Maroui et al. 2016; Bouymajane et 

al. 2018; Ed-Dra et al. 2018b, 2019) and the infections for 

human-derived by these bacteria are a risk for public health 

(WHO 2017). For all these reasons the World Health 

Organization has sounded the warning signal on the 

diffusion of multidrug resistance (MDR) bacteria, requiring 

solutions and alternatives to solve the therapeutic failure 

that may occur (WHO 2017). In this regard, several studies 

on EOs and plant extracts have been conducted in order to 

evaluate their potential use as an alternative to antibiotics 

(Burt 2004). 

The biological activity of plants is related to their 

chemical compounds and is significantly influenced by 

their growth conditions (Galieni et al. 2015; Hendawy et al. 

2018). It is reported that plants are grown in arid regions, in 

mountains, or soils deficient in certain minerals produce 

metabolites to withstand stress conditions and possess 

interesting biological activities (Bohnert et al. 1995; 

Galieni et al. 2015; El-Shakawy et al. 2017; Pľuchtová et 

al. 2018). 

Morocco (Northwest of Africa) is known for its 

diversified climate which favors the development of 

different kinds of herbs and plants, particularly, in arid and 

semi-arid regions (Jamila et al. 2014), such as several 

plants belonging to the genus Artemisia, considered as rich 

sources of biologically active compounds (Kordali et al. 

2005; El-sharkawy et al. 2018; Ez zoubi et al. 2018; Amor 

et al. 2019; Munda et al. 2019). In particular, several 

studies have reported interesting biological activities of the 

Artemisia herba-alba (A) such as antidiabetic, 

antimicrobial, antitumor, antimalarial, antioxidant, 

insecticidal and neurological properties (Ez zoubi et al. 

2018; Amin et al. 2019; Amor et al. 2019; Mohammed et 

al. 2021) which, moreover, thrives in Morocco. Since 

ancient times, A. herba-alba was widely used as a 

traditional medicine especially in the area of the 

Mediterranean basin and, nowadays, it is still used as a 

natural remedy in the household (Gacem et al. 2020). The 

farm of this plant could represent a significant economic 

source, especially for the rural population, besides a new 

and “green” medical and pharmacological solution in the 

perspective of more sustainable world development (Ed-

Dra et al. 2021; Trabelsi et al. 2021).  

Therefore, in order to support the efforts for searching 

of new antimicrobial substances, the aims of this study 

were: to determine the chemical composition of A-EO 

collected in a semi-arid region in Morocco, evaluate its 

bactericidal effectiveness against six different MDR 

bacteria and its antioxidant activity by using different in-

vitro assays. The novelty of this study is that, to the best of 

the Authors’ knowledge, it describes for the first time the 

chemical composition, the in-vitro antibacterial and 

antioxidant activities of EO of A. herba-alba harvested 

from Talsint, a semi-arid region in the East of Morocco. 

MATERIALS AND METHODS 

Plant collection 

The aerial parts (leaves and flowers) of A. herba-alba 

(about 10 kilograms) were collected during March 2017, 

from the semi-arid region of Morocco (Talsint region in the 

East of Morocco) at an altitude of approximately 1350 

meters (Lat: 32°30’54.273" Long: 3°27’0.536") (Figure 1). 

The plants were identified according to the procedure 

described by Fennane et al. (1999), by the botanist 

Professor Ibn Tattou Mohammed at the Scientific Institute 

of Rabat (Morocco). A sample was deposited in a 

herbarium at the faculty of Sciences Meknes under the 

voucher number "FSM061A”. The collected plant was air-

dried in the absence of light for 15 days at room 

temperature (25 ± 2°C). 

 

 

 
 

Figure 1. Study plant of Artemisia herba-alba from Talsint (red mark), a semi-arid region in the East of Morocco 
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Extraction of essential oil 

Extraction of EO was done by hydro-distillation as 

follows: 200 grams of dried samples were immersed in 1 L 

of distilled water using a flask of 2 L and then boiled for 

three hours using a Clevenger-type apparatus (IsoLab 

Laborgeräte GmbH, Wertheim, Germany). Five different 

hydro-distillation were performed in the same conditions 

during two successive days to obtain sufficient EO. The 

extracted EO of the five hydro-distillation was recovered, 

grouped, dried by adding anhydrous sodium sulfate 

(Sigma-Aldrich, Buchs, Switzerland), and stored in a tinted 

glass bottle at 4°C until uses. 

Chemical composition: GC analysis 

The analyses were carried out by a Gas 

Chromatography (GC) (Agilent 6890N) equipped with an 

HP-5MS capillary column (50 m x 0.200 mm i.d., film 

thickness 0.33 µm) and a Flame Ionization Detector (FID) 

setting at 250 °C. The GC oven temperature was 

programmed to increase from 60 to 250 °C at a rate of 4 

°C/min and finally held for 15 min. Helium was used as the 

carrier gas at a flow rate of 1.1 mL/min with a split ratio 

equal 1/100. The samples were also analyzed by GC/MS 

using an Agilent 6890N Gas Chromatography equipped 

with an Agilent 5973 Inert Mass Selective Detector under 

the conditions described above. The transfer line 

temperature was 250°C. The quadrupole mass spectrometer 

was scanned over the 35-465 m/z with an ionizing voltage 

of 70eV and an ionization current of 150mA.  

Component identification was based on a comparison of 

mass spectra with mass spectra libraries (NIST MS 

SEARCH 2.0) and a comparison of the retention index (RI) 

of the components measured relative to n-alkanes on non-

polar columns with those present in literature data (Salido 

et al. 2004; Mohsen and Ali 2009; Paolini et al. 2010; 

Ouaritini et al. 2016; El-sharkawy et al. 2018; Amor et al. 

2019). The percentage of composition of EOs was 

determined from the FID response without applying 

correction factors. 

Antibacterial activity of A-EO: Selection of MDR strains  

A-EO was tested against six different MDR bacteria, of 

which 4 Gram-negative: Salmonella enterica subsp. enterica 

serovar Typhimurium, Klebsiella pneumonia, Pseudomonas 

aeruginosa and Escherichia coli; and 2 Gram-positive: 

Staphylococcus aureus and Enterococcus faecalis. 

The strains were selected based on the MDR profile 

(Table 1), previously performed according to the disc 

diffusion method (CLSI 2014). E. coli, S. aureus, S. 

Typhimurium and E. faecalis have been isolated from food 

samples in the Laboratory of Microbiology and Health at 

the Faculty of Sciences, Meknes (Morocco). K. pneumonia 

and P. aeruginosa were, instead, collected from 

hospitalized patients in the Regional Hospital of Meknes 

(Mohammed V Hospital). 

In addition, E. coli ATCC® 25922TM strain, belonging 

to the strains collection of the Laboratory of Microbiology 

and Health at the Faculty of Sciences, Meknes (Morocco), 

was used as reference strain of this study. This strain, as 

reported in the ATCC product sheet, is a recommended 

reference strain for antibiotic susceptibility testing, and it is 

used in the susceptibility disc testing of neomycin, colistin, 

kanamycin, cephalexin, gentamicin, cefamandole, 

cephalothin, tetracycline, cephaloglycin, cephaloridine, 

nalidixic acid, and chloramphenicol. 

All the strains were stored at -80°C in Brain Heart 

Infusion (BHI) (Biolife, Milan, Italy) plus 15% of Glycerol 

(Biolife, Milan, Italy). Before each test, all bacterial strains 

were cultured overnight at 37°C in Mueller Hinton broth 

(MHB) (Biokar, Beauvais, France). 

 
 

Table 1. MDR profile of the six selected bacteria 

 

Antibiotics 
Food matrices Hospitalized patients 

E. coli S. Typhimurium S. aureus E. faecalis K. pneumonia P. aeruginosa 

Chloramphenicol (30 µg) S S S S R nt 

Ciprofloxacin (5 µg) S S S R R R 

Ampicillin (10 µg) R R R R R nt 

Amoxicillin-clavulanic acid (20/10 µg) R S nt nt R R 

Penicillin (10 UI) nt nt R R nt nt 

Ceftazidime (30 µg) S S nt nt nt R 

Ceftriaxone (30 µg) S S nt nt R R 

Cefotaxime (30µg) S S nt nt R R 

Oxacillin (5 µg) nt nt S nt nt nt 

Ticarcillin (75 µg) nt nt nt nt nt R 

Imipenem (10 µg); nt nt nt S nt S 

Streptomycin (10 µg) R R nt R R nt 

Tobramycin (30 µg) nt nt nt nt nt R 

Gentamicin (30 µg) S S S S S nt 

Amikacin (30 µg) S S nt nt S S 

Piperacillin (100 µg) nt nt nt nt nt R 

Trimethoprim-sulfamethoxazole (1.25/23.75 µg) R S S nt R nt 

Erythromycin (15 µg) nt nt R S nt nt 

Vancomycin (30 µg) nt nt S S nt nt 

Tetracycline (30 µg) R S R R nt nt 

Note: nt: not tested; S: sensitive and R: resistant according to CLSI (2014) 
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Antibacterial activity of A-EO: Disc diffusion method 

A bacterial suspension in MHB of a density equivalent 

to 0.5 MacFarland (108 cfu/mL) was prepared and 

inoculated by swabbing onto Petri plates containing 

Mueller Hinton agar (Biokar, Beauvais, France). On the 

surface of each Petri plate, sterile blank disks (6 mm 

diameter) dropped with 10 µL of A-EO were deposited and 

another one dropped with 10 µL of DMSO (Sigma-Aldrich, 

Buchs, Switzerland) was used as a negative control. Disks 

of Gentamicin at 10 μg (Oxoid, Basingstoke, UK) were 

used as a positive control for E. coli, S. typhimurium, S. 

aureus, K. pneumoniae and E. faecalis, while Imipenem at 

10 μg (Oxoid, Basingstoke, UK) was used for P. 

aeruginosa. All Petri plates were incubated at 37°C for 24 

hours. Then, diameters were measured in millimeters and 

expressed as means ± standard deviation of three replicates. 

The antibacterial activity was classified into three levels: 

weak (inhibition zone ≤12.0 mm), intermediate (12.1 mm ≤ 

inhibition zone ≤ 20.0 mm) and strong (inhibition zone ≥ 

20.1 mm) (Ed-Dra et al. 2020). 

Antibacterial activity of A-EO: Determination of MIC 

and MBC 

Determination of Minimum Inhibitory Concentration 

(MIC) and Minimum Bactericidal Concentration (MBC) 

was carried out by the broth dilution method using 96-well 

microtitration plate (Chebaibi et al. 2016). Briefly, 

decreasing concentrations of A-EO (final concentrations 

vary between 20 and 0.039 mg/mL) were prepared in 

microplates by using Dimethyl sulfoxide (DMSO). Then, 

20 μL of 0.5 MacFarland bacterial suspensions and 140 μL 

of MHB were added respectively, and the microplates were 

incubated at 37°C for 24 hours. After incubation, the 

playback was carried out by adding 40 μL of 2, 3, 5-

diphenyltetrazolium chloride (TTC) (Sigma-Aldrich, 

Buchs, Switzerland) with a concentration of 0.2 g/mL 

followed by incubation for 30 min at 37°C. The TTC 

reveals the presence of live bacteria by the appearance of a 

red color (Eloff 1998). 

Antioxidant activity: DPPH scavenging assay 

The hydrogen atoms or electrons donation ability of A-

EO was measured from the bleaching of a purple-colored 

methanol solution of DPPH (1,1-diphenyl-2-picryl 

hydrazyl) radical. In this study, 0.5 mL of each 

concentration of A-EO was homogenized with 0.5 mL of 

DPPH methanolic solution (0.04 g/L). Then, this solution 

was incubated in darkness at a temperature of 25°C for 30 

minutes. Afterward, the absorbance (A) of the obtained 

mixtures was measured at 517 nm, and the percentage 

inhibition was calculated as follows (El-sharkawy et al. 

2018): 

 

% Inhibition = [(A blank – A sample) / A blank] x 100 

 

Ascorbic acid was used as a positive control for this test 

and the concentration providing 50% inhibition (IC50) was 

calculated from the graph of inhibition percentage plotted 

against the concentrations of A-EO. 

Antioxidant activity: Ferric reducing antioxidant power 

Ferric to ferrous ion reduction was used to determine 

the reductive capacity of A-EO (Ed-Dra et al. 2018a). 

Briefly, 1 mL of each concentration of A-EO was mixed 

with 2.5 mL of potassium hexacyanoferrate K3Fe(CN) 

(Ed-Dra et al. 2018a) solution and 2.5 mL of phosphate 

buffer (0.2 mol/L, pH 7.0) and incubated at 50°C for 30 

min. Afterward, 2.5 mL of trichloroacetic acid (10%) was 

added to the mixture. Then, 2.5 mL of this solution was 

homogenized with distilled water (2.5 mL) and FeCl3 (0.5 

mL, 0.1%). The absorbance was measured at 700 nm and 

the concentration of the samples at which the absorbance of 

0.5 (EC50) was determined from the graph. Ascorbic acid 

was used as a positive control for comparison. 

Antioxidant activity: β-carotene bleaching assay 

The ability of A-EO to prevent bleaching of β-carotene 

was performed as described by Ait Sidi Brahim and his 

group (Ait Sidi Brahim et al. 2015). Briefly, a solution of 

the β-carotene-linoleic acid mixture was prepared by 

adding 0.5 g of β-carotene, 1 mL of chloroform, 25 µL of 

linoleic acid, and 200 µL of Tween 40. The chloroform 

was then evaporated under vacuum at 40°C and 100 mL of 

distilled water was subsequently added to the residue and 

mixed smoothly forming a clear yellowish emulsion. In test 

tubes, 350 µL of various concentrations of A-EO were 

added to 2.5 mL of the prepared emulsion and stirred 

vigorously. The test tubes were then incubated for 2 h at 

50°C with negative control (blank) contained methanol 

instead of the EO. The absorbance values were measured at 

470 nm and Butylhydroxytoluene (BHT) was used as a 

positive control. However, antioxidant activity (inhibitions 

percentages I%) of A-EO was calculated using the 

following formula: 

 

I% = [(A β – Carotene after 2 hours assay / A initial β – 

Carotene)] x 100 

 

Where A (β-carotene after 2h assay) is the absorbance 

values of β-carotene after 2 h assay remaining in A-EO and 

A (initial β-carotene) is the absorbance value of β-carotene 

at the beginning of the experiment. The sample 

concentration providing 50% inhibition (RC50) was 

calculated by plotting the inhibition percentage against the 

A-EO concentrations. 

Data analysis 

The measurements were carried out in triplicate. The 

data obtained were presented as means ± standard error. 

Excel Microsoft software was used for data processing.  

RESULTS AND DISCUSSION 

Essential oil extraction 

The A-EO extracted in this study presented yellow 

color with a strong penetrating pleasant herbaceous odor 

characteristic of the plant (Figure 2). The average yield of 

A-EO obtained from different distillation was 0.65±0.05 ml 
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from 100 g of dried aerial parts of the plant. This result is 

comparable to those found in the southeast of Algeria 

(0.62%) (Dahmani-Hamzaoui and Baaliouamer 2010), and 

Southern Tunisia (0.68%) (Mohsen and Ali 1999); higher 

than that found in Imouzzer Marmoucha region of Morocco 

during the period of March (0.2%) (Btisam et al. 2016); 

and lower than those reported previously in Southwest 

(0.86% and 0.97%) and Eastern (between 1.3 and 3.3 %) 

regions of Morocco (Paolini et al. 2010; Amor et al. 2019), 

M’sila-Algeria (1.02%) (Dob and Benabdelkader 2006), 

Jordan (1.3%) (Hudaib and Aburjai 2006), and Tunisia 

(between 1.20% and 4.86%) (Boukrich et al. 2010). 

Therefore, EOs yield may depend on several factors like 

climate conditions, geographical regions, harvested date, 

and the method used for extraction (Mohsen and Ali 1999; 

Boukrich et al. 2010; Dahmani-Hamzaoui and Baaliouamer 

2010; Btisam et al. 2016). 

Chemical composition 

A total of 19 components were detected in A-EO, 

representing 88.29±0.25% of the total composition (Table 

2). Among these, two constituents were unknown for a 

total of 17 identified compounds (81.52±0.21%). The 

results of this study showed the dominance of oxygenated 

sesquiterpenes (67.36±0.54%), which differ from those 

reported previously in other Moroccan studies, reporting 

the dominance of oxygenated monoterpenes (Paolini et al. 

2010; El-sharkawy et al. 2018; Munda et al. 2019). 

However, the main components identified in this study 

were Davanone (38.25±1.25%), Davana Ether Isomer 1 

and 2 (9.91±0.47% and 8.25±0.25%, respectively), 1,2 

Dehydro-3-hydroxyisodavanone (6.33±0.67%) and 

Camphor (6.31±0.16%) (Figure 3). It should be noted that 

Davanone was identified for the first time as the major 

component of A-EO harvested from Morocco. However, it 

was detected previously as the major component in A-EO 

from Djelfa region of Algeria (36.1%) (Dahmani-

Hamzaoui and Baaliouamer 2005), and southern Spain 

(51.2%) (Salido et al. 2004). Moreover, this component 

dominates the EOs of other species of Artemisia such as A. 

absinthium collected from Ethiopia (21.3%) (Asfaw and 

Demissew 2015), A. abyssinica collected from three 

habitats in Yemen (49.4%, 43.5%, and 32.3%) (Chhetri et 

al. 2015), and A. indica Willd. collected from Uttarakhand 

Himalaya (North of India) (30.80%) (Haider et al. 2014). 

On the other hand, Davana Ether Isomer, Camphor, and 1,2 

Dehydro-3-hydroxyisodavanone were detected with a 

middle to lower concentration (traces) in A-EO from 

Morocco, Tunisia, Saudi Arabia, and Spain (Mohsen and 

Ali 2009; Ez zoubi et al. 2018; Amin et al. 2019; Amor et 

al. 2019). 

The A-EO analyzed in this study could be classified 

into the chemotype “Davanone”. However, chemotypes 

cis-thujone and β-thujone were reported in A-EO collected 

in the Azzemour region and Boulemane province in 

Morocco, respectively (Ez zoubi et al. 2018; Amor et al. 

2019). In Tunisia, a study performed by Younsi et al. 

(2017) reported the distribution of chemotypes trans-

sabinyl acetate, α-thujone, and camphor among A-EO 

collected in different geographic and bioclimatic zones. 

Additionally, another Tunisian study identified four 

chemotypes (trans-sabinyl acetate, α-thujone/trans-sabinyl 

acetate, camphor, and α-thujone/camphor/β-thujone) 

among the studied A-EO (Younsi et al. 2018), while A-EO 

chemotype “yomogi alcohol” was reported in a study 

carried out in Egypt (Amin et al. 2019). Therefore, the 

variability of volatile components in A-EO may depend on 

ecological conditions like the temperature of the warmest 

months, the annual rainfall, the humidity, and the 

evapotranspiration, as well as phenological stage, drying 

conditions, and methods used for extractions of EOs 

(Figueiredo et al. 2008; Boukrich et al. 2010; Dahmani-

Hamzaoui and Baaliouamer 2010; Paolini et al. 2010; 

Btisam et al. 2016; Younsi et al. 2017; Aljaiyash et al. 

2018). Additionally, it has been demonstrated that the 

chemical composition of A-EO could be correlated to the 

genetic diversity among the populations of A. herba-alba 

(Younsi et al. 2018). 

Antibacterial activity 

The disc diffusion method showed that A-EO has a 

heterogeneous antibacterial activity against the tested 

bacteria: P. aeruginosa (9±0.1 mm), E. faecalis (13.4±0.3 

mm), K. pneumonia (13±0.3 mm), S. Typhimurium 

(13.5±0.2 mm), E. coli (14±0.2 mm), E. coli ATCC 25922 

(16.5±0.3 mm), and S. aureus (17.2±0.5 mm). The analysis 

of these results showed that A-EO presents a weak activity 

against P. aeruginosa, while against the other bacteria the 

activity ranges from intermediate to high (Figure 4). The 

broth dilution method showed that the MIC ranged between 

0.156 mg/mL for S. aureus and 5 mg/mL for P. 

aeruginosa. Moreover, the ratio of MBC/MIC showed that 

A-EO presents a bactericidal activity with MBC/MIC ≤ 2 

(Table 3). 

 

 

 
 

Figure 2. Study essential oil of Artemisia herba-alba 

 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxp-avlqPOAhVFVRoKHa5VBEUQFggcMAA&url=https%3A%2F%2Ffr.wikipedia.org%2Fwiki%2FEscherichia_coli&usg=AFQjCNFJN-9inbny2nRuLDxM3j38mDp5YA&bvm=bv.128617741,d.d2s
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxp-avlqPOAhVFVRoKHa5VBEUQFggcMAA&url=https%3A%2F%2Ffr.wikipedia.org%2Fwiki%2FEscherichia_coli&usg=AFQjCNFJN-9inbny2nRuLDxM3j38mDp5YA&bvm=bv.128617741,d.d2s
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Table 2. Chemical composition of the essential oil obtained from Artemisia herba-alba collected from semi-arid region of Talsint in 
the East of Morocco - approximately altitude of 1350 meter 
 

Components RT RIa RIb % Area 

Unkown 13.38 942 944 2.12±0.07% 
Camphene 13.53 944 94446 0.85±0.06% 
5,5 Dimethyl-2(5H)-Furanone 13.67 950 95233 0.49±0.09% 
p-Cymene 14.81 1010 101235 1.37±0.11% 
Eucaliptol/1,8 cineole 17.31 1020 102146 0.90±0.13% 
β-Ocimene 20.19 1048 104836 0.46±0.05% 
α –Thujone 20.84 1088 108946 0.53±0.14% 
β –Thujone 21.34 1098 109946 0.54±0.09% 
Camphor 22.87 1120 112246 6.31±0.16% 
Borneol 23.80 1151 115035 0.66±0.08% 
Jasmone 34.35 1387 138942 1.31±0.10% 
Germacrene D 38.21 1471 147433 0.74±0.06% 
Davana Ether 38.06 1490 149133 2.28±0.22% 
Davana Ether Isomer 1 38.87 1510 151436 9.91±0.47% 
Davana Ether Isomer 2 39.63 1550 155433 8.25±0.25% 
Davanone 42.04 1589 159236 38.25±1.25% 
Unknown 42.14 1605 162436 4.62±0.38% 
β-Eudesmol 42.81 1652 165033 2.34±0.16% 
1,2 Dehydro-3-hydroxyisodavanone 43.31 1662 169233 6.33±0.67% 
      

Total (%) 88.29±0.25% 
Total identified (%) 81.52±0.21% 
Monoterpene hydrocarbons 2.68±0.07% 
Sesquiterpene hydrocarbons 0.74±0.06% 
Oxygenated monoterpenes 8.94±0.12% 
Oxygenated sesquiterpenes 67.36±0.54% 
Others 1.80±0.09% 

Note: RT: Retention Time; MSL: Mass Spectral Library; RIa: Experimental Retention Index obtained in this study; RIb: Retention Index 
relative taken from literature 
 
 
Table 3. Mean (n=3) of MIC and MBC of A-EO. 

 

Bacteria Gram MIC (mg/mL) MBC (mg/mL) MBC/MIC 

E. coli ATCC 25922 - 0.625 ± 0.00 0.625 ± 0.00 1 
E. coli - 0.625 ± 0.00 0.625 ± 0.00 1 
S. Typhimurium - 1.25 ± 0.00 1.25 ± 0.00 1 
K. pneumonia - 1.25 ± 0.00 1.25 ± 0.00 1 
P. aeruginosa - 5.0 ± 0.00 10.0 ± 0.00 2 
E. faecalis + 1.25 ± 0.00 1.25 ± 0.00 1 
S. aureus + 0.156 ± 0.00 0.156 ± 0.00 1 

 

 

 

The results of this study showed an interesting 

antibacterial activity compared to those reported in other 

areas (Btisam et al. 2016; Amin et al. 2019). A study 

conducted by Amor and his group in the Azzemour region 

(Southwest Morocco) showed that A-EO was inactive 

against E. coli, E. faecalis, and S. aureus at a concentration 

of 10 µL (Amor et al. 2019). Additionally, A-EO collected 

in Southern Tunisia was inactive on P. aeruginosa (Akrout 

et al. 2010). However, A-EO collected in the province of 

Boulemane (Middle Atlas, Morocco) showed inhibition 

zones between 12.2±0.6 mm and 25.2±2.6 mm, and MIC 

between 2.5 and 20 μL/mL (Ez zoubi et al. 2018). 

Generally, EOs of aromatic and medical plants were 

more effective against Gram-positive than Gram-negative 

bacteria. This phenomenon depends on EOs nature as well 

as the bacterial well composition (Burt 2004; Ed-Dra et al. 

2020). The antibacterial activity of EOs may depend on 

oxygenated monoterpenes, diterpenes, and sesquiterpenes 

fractions. Some studies showed that these compounds 

interfere with the integrity and function of the cell 

membrane, changing the membrane potential, causing loss 

of cytoplasmic material, as well as on mitochondria leading 

to deficits of energy and respiratory metabolism (Burt 

2004; Bakkali 2008) (Figure 5). However, the antibacterial 

mechanism of EOs is also influenced by the minor 

components that may act synergistic or in antagonistic with 

the major components. A study carried out by Viljoen and 

his group showed that camphor alone exhibited no 

antibacterial activity whereas it acts synergistically with 

other components possessing antimicrobial activity 

(Viljoen et al. 2003). Therefore, A-EO can be used in the 

pharmaceutical sector as precursors to synthesize new 

antibiotics against MDR bacteria (Abreu et al. 2012), or in 

food industries to extend the shelf life of food and 

improving their safety (Hyldgaard et al. 2012; Giarratana et 

al. 2016; Ed-Dra et al. 2018b). 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxp-avlqPOAhVFVRoKHa5VBEUQFggcMAA&url=https%3A%2F%2Ffr.wikipedia.org%2Fwiki%2FEscherichia_coli&usg=AFQjCNFJN-9inbny2nRuLDxM3j38mDp5YA&bvm=bv.128617741,d.d2s
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjxp-avlqPOAhVFVRoKHa5VBEUQFggcMAA&url=https%3A%2F%2Ffr.wikipedia.org%2Fwiki%2FEscherichia_coli&usg=AFQjCNFJN-9inbny2nRuLDxM3j38mDp5YA&bvm=bv.128617741,d.d2s


ED-DRA et al. – Artemisia against multidrug resistance bacteria 

 

3001 

  

 
 

Figure 3. A: Mass spectra of A-EO; B: Mass spectra of Davanone; B: Mass spectra of Davana Ether; C: Mass spectra of Davana Ether 

Isomer 1; D: Mass spectra of Davana Ether Isomer 2. 

 

 

 

 
 

Figure 4. Inhibition diameters (mm) of the Artemisia herba-alba essential oil against the selected bacteria. Disc diameter 6.0 mm. 
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Figure 5. Mechanism of action of the Artemisia herba-alba essential oil against bacteria. 

 

 

 

Antioxidant activity 

The antioxidant activity was performed using DPPH 

scavenging activity, β-carotene bleaching assay, and 

reduction power of Fe (III) to Fe (II). The results of our 

study showed that A-EO has an interesting antioxidant 

activity with an IC50 of 1.13±0.02 mg/mL, EC50 of 

2.12±0.05 mg/mL, and RC50 of 0.87±0.02 mg/mL. The 

IC50 and EC50 of ascorbic acid were 0.032±0.003 mg/mL 

and 0.092±0.002 mg/mL respectively, while RC50 of BHT 

was 0.063±0.004 mg/mL (Table 4). These results were 

different from those reported previously in other regions of 

Morocco (Aljaiyash et al. 2018; Ez zoubi et al. 2018). 

However, they were comparable to those performed in 

semi-arid regions of Tunisia (Akrout et al. 2010; Kadri et 

al. 2011). 

Generally, the high antioxidant activity of A-EO can be 

explained by its richness in natural components possessing 

conjugated systems that can trap electrons and free radicals 

(Mohamed et al. 2010). Moreover, it is well established 

that phenolic and chemical components with conjugated 

systems of double bonds usually show substantial 

antioxidant properties (Miguel 2010). Therefore, the 

richness of A-EO in Davanone, Davana Ether Isomer and 

1,2 Dehydro-3-hydroxyisodavanone which possess a 

conjugated system, improves its antioxidant activity. 

Camphor and Spathulenol can participate alone or in 

combination with other components to improve the 

antioxidant power of EOs. A study carried out in Turkey on 

parental and drug-resistant cells showed that Camphor had 

an interesting cytoprotective (antioxidant) effect against 

H2O2 induced toxicity (Özkan and Erdoǧan 2013). A study 

performed in Brazil by do Nascimento et al. (2018) 

demonstrated that Spathulenol has high antioxidant, anti-

inflammatory, and antiproliferative activities. However, the 

antioxidant properties of EOs do not always depend on the 

antioxidant activity of their main components, but they can 

be related to their other components taking into 

consideration also the concept of synergism, antagonism, 

and additivity between all the components (Dawidowicz 

and Olszowy 2014). 

In this study, antioxidant activity was performed on the 

basis of three different assays in order to evaluate the 

capacity of A-EO to act against different mechanisms of 

oxidation. In fact, the DPPH assay allows the evaluation of 

the capacity of A-EO to capture and quench the free 

radicals (Gangwar et al. 2014). The reduction power of Fe 

(III) to Fe (II) assay allows the evaluation of the electron-

donating capacity of A-EO which acts as an antioxidant 

agent to reduce Fe (III) to Fe (II) (Gülçin et al. 2015). 

Finally, the discoloration of a yellowish β-carotene solution 

related to the breaking of π-bond by addition of lipid or 

lipid peroxyl radical to a C=C double bond of β-carotene is 

the principle on which the β-carotene bleaching assay is 

based (Ueno et al. 2014). Therefore, the results of this 

study showed that the three antioxidant assays demonstrate 

a great antioxidant activity of A-EO. These findings allow 

the use of A-EO in various fields, either in food 

preservation as an antioxidant agent to prevent the rancidity 

of food products that are sensitive to the reactions of 

oxidation or medical field to prevent and to treat the free 

radical-related disorders, which are the main cause of 

different chronic diseases. 

 

 
Table 4. The antioxidant activity of A-EO 

 

 A-EO Ascorbic acid BHT 

IC50 (mg/mL) 1.13±0.02 0.032±0.003 nt 

EC50 (mg/mL) 2.12±0.05 0.092±0.002 nt 

RC50 (mg/mL) 0.87±0.02 nt 0.063±0.004 

Note: nt: not tested 
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In conclusion, nowadays, MDR bacteria are major 

global concerns that require wide attention. In addition to 

providing correct information for a thrifty and targeted use 

of antibiotics both in human medicine and in animal 

breeding, the scientific community is called to monitoring 

the issue evaluation and find out new possible and valid 

alternatives. The results of the present study show how the 

A-EO could be an interesting option thanks to the observed 

antimicrobial and antioxidant activities. These properties 

are related to the biological effects of its constituents, the 

most abundant of which was represented by Davanone, 

reported for the first time as the major compound of A-EO 

harvested from Morocco. These natural properties could be 

used both in the medical field and food industry for treating 

bacterial infections and managing the risk of foodborne 

pathogens, respectively. Moreover, the cultivation of A. 

herba-alba for the production of EOs could be a new and 

important source of income for developing countries and 

the poorest populations in line with the requirements of the 

2030 Agenda (UN General Assembly 2021). However, the 

present study was set up based on an in-vitro experiment 

which might overestimate the actual effectiveness of A-EO 

in a complex environment. Furthermore, the addition of EO 

in foods is conditioned by the influence on the sensory 

characteristics that could be excessively modified and not 

appreciated by the consumers. Therefore, further studies 

are needed to improve the knowledge of biological 

properties and to understand the real applicability of the A-

EO. 
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