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ABSTRACT 

The rising occurrence of multidrug-resistant bacteria underscores the critical need for alternative therapeutic 

approaches. This study aimed to investigate the yield, chemical composition, and antimicrobial properties of 

essential oils extracted from Thymus satureioides, Origanum majorana, and Rosmarinus officinalis, sourced from 

the Benslimane region in Morocco. Essential oils were extracted using hydrodistillation, their chemical composition 

was analyzed via gas chromatography-mass spectrometry (GC-MS), and their antimicrobial potential was assessed 

against 27 multidrug-resistant Salmonella strains. The essential oil of Thymus satureioides was primarily composed 

of thymol (28.7%) and borneol (21.2%). Origanum majorana contained high levels of terpinen-4-ol (34.2%), while 

Rosmarinus officinalis essential oil was rich in 1,8-cineole (50.3%). Thymus satureioides demonstrated the highest 

efficacy, with the lowest minimum inhibitory concentration (MIC: 0.15 mg/mL) and the most pronounced inhibition 

zones (30.3 ± 0.02 mm). Origanum majorana indicated moderate antibacterial activity. Rosmarinus officinalis, on 

the other hand, showed variable but generally lower efficacy, with inhibition zones reaching up to 16.6 ± 0.1 mm 

and MIC values ranging from 2.35 to 9.4 mg/mL. These results highlighted the promising potential of Moroccan 

essential oils, particularly Thymus satureioides, as natural antimicrobials to combat multidrug-resistant pathogens in 

food safety and clinical applications. 
 

Keywords: Essential oil, Food, Multidrug-resistant, Origanum majorana, Rosmarinus officinalis, Salmonella, 

Thymus satureioides 
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INTRODUCTION  

 

Antibiotic resistance is a global crisis. Pathogenic bacteria, increasingly resilient to existing antibiotics, have led to 

infections that defy conventional treatments and jeopardize public health (Alamgir, 2018). Compounding this challenge 

is the emergence of resistant bacterial strains and atypical pathogens, further diminishing the efficacy of synthetic 

antimicrobial agents. To address these escalating challenges, alternative therapeutic strategies are imperative. Plants, a 

rich and diverse source of bioactive molecules, offer a promising avenue for the discovery of new antimicrobial 

compounds and alternative therapeutic agents (Arip et al., 2022). Analyzing the chemical composition of plant-derived 

active compounds holds the potential to identify substances capable of combating infections without relying on synthetic 

antibiotics (Vaou et al., 2021). Such natural molecules may provide broad-spectrum activity, targeting resistant bacteria 

and mitigating the development of further resistance (Iseppi et al., 2021). As current antibacterial agents face mounting 

limitations, plant-based bioactive compounds, such as phenolics, flavonoids, alkaloids, and terpenoids, emerge as a vital 

frontier for the development of new, effective therapeutics to control and eliminate infections (Mendelsohn et al., 2023). 

Morocco is a global hotspot of plant diversity, home to 4,200 species, including 800 endemics, with 382 species 

recognized for their medicinal and aromatic properties (Fakchich and Mostafa, 2014; Alistiqsa et al., 2017). In recent 

years, the Aromatic and Medicinal Plants sector has experienced significant socio-economic growth, contributing to both 

regional development and international markets. Essential oils extracted from these plants have found applications across 

diverse industries, including aromatherapy, pharmaceuticals, perfumery, cosmetics, and food preservation. Their 

widespread use is linked to a combination of broad-spectrum biological activities and highly targeted therapeutic effects, 

such as antimicrobial, anti-inflammatory, antioxidant, and analgesic properties, positioning plant essential oils as vital 

resources for innovation in science and industry (Fourmentin and Kfoury, 2024). 
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Despite their widespread traditional uses, limited studies have explored the chemical composition of essential oils 

derived from Thymus satureioides, Rosmarinus officinalis, and Origanum majorana. To the best of available knowledge, 

no prior study has specifically investigated the antimicrobial activity of essential oils against multidrug-resistant 

Salmonella strains isolated from food products in Casablanca, Morocco. This study aims to address this gap by analyzing 

the chemical composition of essential oils extracted from Moroccan samples of Thymus satureioides, Rosmarinus 

officinalis, and Origanum majorana. Furthermore, the antimicrobial efficacy of these essential oils was assessed in vitro 

against 27 multidrug-resistant Salmonella strains obtained from various food products.  

 

MATERIALS AND METHODS   

 

Ethical approval 

This study was conducted in vitro by the guidelines of the Faculty of Sciences Ibn Tofail University Kénitra, 

Morocco. 

 

Plant material  

The leaves of Thymus satureioides and Origanum majorana were collected in April 2023, and Rosmarinus 

officinalis leaves were gathered in May 2023, all from the Benslimane province in the Casablanca-Settat region of 

Morocco. The identification of species was primarily performed using macroscopic botanical tests, which involved 

examining external features such as leaf shape and flower structure (Fennane et al., 1999). Following collection, the 

leaves were dried under ambient conditions (temperature ranging from 20 to 25°C) in a ventilated room, protected from 

light, for approximately 30 days. Once dried, the plant material was ground into a coarse powder using a knife mill. The 

powdered samples were stored in stainless steel containers, shielded from light and moisture, to preserve their integrity 

for subsequent analysis. 

 

Microorganisms 

The 27 microbial strains analyzed in this study consisted of multidrug-resistant Salmonella strains, exhibiting high 

levels of antibiotic resistance (Table 1). These strains were isolated from food products of diverse origins in Casablanca, 

Morocco, and represent various serovars of significant relevance to food safety and public health concerns in the study 

region. To ensure viability, the strains were maintained through regular sub-culturing on nutrient agar and preserved by 

cryopreservation in 30% glycerol at -20°C for future use. 
 

Table 1. Antibiotic resistance profiles of selected strains 

Code Serovar Antibiotic resistance profile 

S60 S.Kentucky  CIP ; NAL ; SMX ; TET 

S78 S.Kentucky CIP ; NAL ; SMX ; TET 

S1 S. Typhimurium  CHL ; SMX ; TET ; TMP ; SXT 

S7 S.Schwarzengrund CHL ; SMX ; TET ; TMP ; SXT 

S19 S.Typhimurium  AMP ; SMX ; TET ; TMP ; SXT 

S21 S.Typhimurium AMP ; SMX ; TET ; TMP ; SXT 

S22 S.Saintpaul NAL ; SMX ; TET ; TMP ; SXT 

S23 S.Chester CHL ; SMX ; TET ; TMP ; SXT 

S44 S.Kentucky  AMP ; CIP ; NAL ; SMX ; TET 

S61 S.Kentucky AMP ; CIP ; NAL ; SMX ; TET 

S58 S.New Port CIP ; NAL ; SMX ; TET ; TMP 

S59 S.Chester CHL ; SMX ; TET ; TMP ; SXT 

S62 S.Kentucky AMP ; CIP ; NAL ; TET ; TMP 

S67 S.Saintpaul NAL ; SMX ; TET ; TMP ; SXT 

S41 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S47 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S51 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S55 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S56 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S57 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S63 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S72 S.Kentucky  AMP ; CIP ; GEN ; NAL ; SMX ; TET 

S42 S.Kentucky AMP ; CIP ; NAL ; SMX ; TET ; TMP ; 

S66 S.Kentucky AMP ; CIP ; NAL ; SMX ; TET ; TMP ; SXT 

S70 S.Hadar AMP ; CHL ; CIP ; NAL ; SMX ; TET ; TMP ; SXT 

S80 S.kentucky AMP ; CHL ; CIP ; NAL ; SMX ; TET ; TMP ; SXT 

S69 S.kentucky AMP ; CTX ; FOX ; CAZ ; CRO ; CHL ; CIP ; ETP ; NAL ; SMX ; TET ; TMP ; SXT 

AMP: Ampicillin, CTX: Cefotaxime, FOX: Cefoxitin, CAZ: Ceftazidime, CRO: Ceftriaxone, CHL: Chloramphenicol, CIP: Ciprofloxacin, GEN: 
Gentamicin, ETP: Ertapenem, NAL: Nalidixic acid, SMX: Sulfonamide, TET: Tetracycline, TMP: Trimethoprim, SXT: 

Trimethoprim/Sulfamethoxazole. 
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Essential oil extraction 

The ground plant material was subjected to hydrodistillation using a Clevenger-type apparatus, following the 

standardized method outlined in the European Pharmacopoeia. This technique involves boiling the plant material in 

water, allowing the steam to carry volatile compounds through a condenser, where they are cooled and collected as an 

essential oil-water mixture. According to the European Pharmacopoeia guidelines, hydrodistillation ensures the efficient 

extraction of essential oils while preserving their chemical integrity. For each extraction, 100 g of plant material was 

placed in a 1 L glass flask with 500 mL of distilled water, ensuring a proper ratio to facilitate effective steam distillation 

without causing overflow. The distillation process was conducted for 3 hours, after which the recovered essential oils 

were dried using anhydrous sodium sulfate (Na2SO4). The purified essential oils were stored in tightly sealed, opaque 

bottles at a controlled temperature between 4°C and 6°C to preserve their integrity. 

 

Calculation of yield 

The essential oil yield, expressed as a percentage, was determined by calculating the ratio of the extracted oil weight 

to the weight of the dry plant material used, in accordance with the method outlined by Boubrit (2007). The calculation 

was performed based on the dry matter content. The yield was determined using the following Formula 1. 

                              Mass of essential oil (g) 

Yield (%) =                                                     × 100                                                                                        (Formula 1) 

                               Mass of dry leaves (g) 

 

Chemical composition  

The identification of volatile compounds in the essential oils was carried out using gas chromatography coupled 

with mass spectrometry (GC-MS). The specific operating conditions applied during the analysis are detailed in Table 2. 

 

Table 2. Operational conditions for gas chromatography coupled with mass spectrometry  

Parameter Details 

Injected sample volume 0.5 Μl 

Split ratio 200:1 

Inlet temperature 250°C 

Capillary column HP-5 MS Agilent J & W (50 m x 200 μm x 0.33 μm) 

Temperature program 60°C (initial), increase to 220°C at 4°C/min, hold for 10 min, then increase to 240°C at 1°C/min 

Carrier gas Helium, 1.2 mL/min 

Scan range 35 to 450 m/z 

Ionization energy 70 Ev 

Software used ChemStation (Agilent Technologies) 

 

Evaluation of the antibacterial activity of essential oils 

Well diffusion method  

The antibacterial activity of the essential oils was evaluated using the well diffusion method, a widely used 

technique for assessing antimicrobial efficacy. This method measures the ability of essential oils to diffuse through the 

agar medium and inhibit bacterial growth, as indicated by the formation of inhibition zones. Bacterial strains were first 

cultured in nutrient broth at 37°C for 18-24 hours, and the culture density was adjusted to a turbidity corresponding to 

0.5 on the McFarland scale. Approximately 20 mL of Mueller-Hinton agar was poured into sterile Petri dishes. Once 

solidified, the agar surface was uniformly inoculated with the bacterial suspension. Sterile punches were used to create 

wells approximately 6 mm in diameter. Each well was then filled with 50 µL of essential oil, while cefotaxime served as 

the positive control. The plates were incubated at 37°C for a period ranging from 18-24 hours. After incubation, 

inhibition zone diameters were measured using a millimeter ruler. The antibacterial activity of the essential oils was 

determined by comparing these measurements with those of the positive control (Kadiri et al., 2022). 

 

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)  

The antimicrobial efficacy of essential oils against multidrug-resistant Salmonella strains was assessed by 

determining the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC). These 

parameters were measured using the broth microdilution method, following the procedure described by Sarker et al. 

(2007). Essential oils were first prepared as stock solutions and serially diluted (1:2) in Mueller-Hinton broth, ensuring 

thorough mixing in each dilution. The prepared dilutions were distributed into sterile 96-well microplates, and 0.1 mL of 

Salmonella inoculum (approximately 10⁶CFU/mL) was added to each well. To assess bacterial viability, 30 µL of a 15% 
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resazurin solution was introduced. The microplates were incubated at 37°C for 24 hours. The minimum inhibitory 

concentration (MIC) was visually identified as the lowest concentration at which bacterial growth inhibition was 

observed, based on the color change. Wells containing concentrations above the MIC were subsequently used to 

determine (MBC), defined as the lowest concentration that kills 99.9% of the bacterial population. Each experiment was 

performed in triplicate to ensure result reliability and robustness. 

 

Statistical analysis 

All experiments were performed in triplicate, and results are expressed as mean ± standard deviation (mean ± SD). 

Statistical analysis was conducted using GraphPad Prism 10.4.0. A repeated measures ANOVA was applied for the 

analysis of MIC and MBC, followed by Šídák’s post hoc test for multiple comparisons. When the assumption of 

sphericity was not met, the Geisser-Greenhouse correction was applied. The significance threshold was set at p < 0.05. 

 

RESULTS  

 

Essential oil yields 

The essential oil extraction process from the three plants collected in the Benslimane region resulted in yields 

ranging from 1.70 ± 0.025 mL/100 g DM to 2.40 ± 0.025 mL/100 g DM. Table 3 summarizes the specific yields 

obtained for each plant species. The results revealed variations in essential oil yields among the three studied plants. 

Thymus satureioides exhibited the highest average yield, at 2.37 mL/100 g DM, with a low standard deviation of 0.025, 

reflecting strong consistency across measurements. Origanum majorana produced an average yield of 1.72 mL/100 g 

DM, accompanied by an exceptionally low standard deviation of 0.025, indicating remarkable homogeneity in essential 

oil production for this species. Lastly, Rosmarinus officinalis yielded an average of 2.10 mL/100 g DM, with a standard 

deviation of 0.020. While this yield is slightly lower than that of Thymus satureioides, it remains relatively high and 

consistent. Statistical analysis showed significant differences between the yields of the three species (p < 0.05). 

 

Chemical composition 

The chemical profiles of the essential oils from Thymus satureioides, Rosmarinus officinalis, and Origanum 

majorana, obtained through gas chromatography-mass spectrometry (GC-MS) analysis, are presented in Table 4. The 

total identified percentages of volatile compounds in the essential oils were 88.58% for Thymus satureioides, 96.47% for 

Origanum majorana, and 98.07% for Rosmarinus officinalis, indicating near-complete characterization of their chemical 

profiles. In Thymus satureioides, the predominant compounds were thymol (28.67%), borneol (21.15%), p-cymene 

(10.66%), and α-terpineol (7.34%). For Origanum majorana, the major constituents included terpinen-4-ol (34.17%), α-

terpinene (19.4%), γ-terpinene (14.19%), and α-terpineol (7.92%). In Rosmarinus officinalis, 1,8-cineole (50.33%), 

camphor (17.80%), α-pinene (6.40%), and camphene (5.47%) were the dominant components. These findings revealed 

significant chemical diversity among the three species, each exhibiting a distinct chemical profile that underscores its 

unique therapeutic potential. 

 

Evaluation of antibacterial activity 

Disk diffusion 

The evaluation of the antibacterial activity of the essential oils from Rosmarinus officinalis, Origanum majorana, 

and Thymus satureioides revealed notable differences in their effectiveness. These findings highlighted their promising 

potential as natural antimicrobial agents (Figure 1). Thymus satureioides demonstrated notable antibacterial activity, with 

inhibition zones reaching remarkably high values of 30.3 ± 0.02 mm. However, variability was observed, with inhibition 

zones ranging from these high values to more modest measurements around 10.5 ± 0.02 mm (Table 5). These findings 

highlighted the significant, albeit variable, antibacterial efficacy of Thymus satureioides against multidrug-resistant 

bacterial strains. Origanum majorana exhibited variable antibacterial activity, with inhibition zones ranging from modest 

values, such as 11.1 ± 0.4 mm, to slightly higher measurements of 12 ± 0.2 mm and 15.2 ± 0.3 mm. Notably, for certain 

strains, a substantial inhibition zone of 30 ± 0.1 mm was observed, indicating stronger antibacterial efficacy in specific 

cases. Overall, the activity of Origanum majorana remains moderate, with significant variability observed between 

different Salmonella serovars (p < 0.05), indicating that its antibacterial efficacy is strain-dependent. Rosmarinus 

officinalis exhibited comparatively modest antibacterial activity, with inhibition zones reaching up to 16.6 ± 0.1 mm. 

Overall, its activity was lower than that of the other essential oils in this study. In contrast, Origanum majorana 

demonstrated notable efficacy, particularly against the growth of Salmonella enterica strains, with significantly larger 

inhibition zones compared to Rosmarinus officinalis (p < 0.05), highlighting its strong potential as an antimicrobial 

agent. 
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Table 3. Essential oil yield of the studied plants 

Plant 
RHE1  

(ml/100g DM) 

RHE2  

(ml/100g DM) 

RHE3  

(ml/100g DM) 

Average 

(ml/100g DM) 

Standard 

deviation 

Thymus satureioides 2.35 2.40 2.37 2.37 0.025 

Origanum majorana 1.70 1.72 1.75 1.72 0.025 

Rosmarinus officinalis 2.10 2.08 2.12 2.10 0.020 

RHE1, RHE2, and RHE3: Repetitions of essential oil extraction; DM: Dry matter 

 

Table 4. Chemical composition of essential oils from Thymus satureioides, Origanum majorana and Rosmarinus 

officinalis 

N° Chemical Compounds RI 
Chemical 

Formula 

Essential Oils 

T. S O. M R. O 

1 Tricyclene 928 C10H16 0.66 - - 

2 α-Thujene 934 C10H16 0.19 0.63 - 

3 α-Pinene 941 C10H16 0.71 - 6.40 

4 Camphene 952 C10H16 0.83 - 5.47 

5 Sabinene 975 C10H16 1.06 4.81 3.45 

6 β-Pinene 982 C10H16 1.67 0.31 1.31 

7 Myrcene 991 C10H16 1.36 1.71 - 

8 α-Phellandrene 1007 C10H16 - 0.57 - 

9 Delta-3-Carene 1012 C10H16 1.18 - - 

10 α-Terpinene 1018 C10H16 - 19.4 - 

11 O-Cymene 1024 C10H14 0.073 - - 

12 p-Cymene 1025 C10H14 10.66 2.8 0.805 

13 Limonene 1029 C10H16 - 0.12 2.02 

14 β-Phellandrene 1032 C10H16 0.047 - - 

15 1,8-Cineole 1035 C10H18O 0.62 0.641 50.33 

16 γ-Terpinene 1058 C10H16 1.03 14.191 0.75 

17 cis-Sabinene Hydrate 1066 C10H18 0.498 1.826 - 

18 α-Terpinolene 1088 C10H16 - 1.812 1.50 

19 trans-Sabinene Hydrate 1098 C10H18O - - 0.11 

20 Camphor 1145 C10H16O 0.117 - 17.80 

21 p-Menth-3-en-8-ol 1149 C10H18O - 1.47 - 

22 Borneol 1169 C10H18O 21.158 - 4.18 

23 Terpinene-4-ol 1178 C10H18O - 34.171 1.88 

24 α-Terpineol 1193 C10H18O 7.34 7.923 0.61 

25 Bornyl Acetate 1288 C12H20O2 0.247 - 0.30 

26 Thymol 1302 C10H14O 28.677 - - 

27 Carvacrol 1310 C10H14O 1.889 0.301 - 

28 β-Caryophyllene 1426 C15H24 6.728 3.79 1.16 

29 Germacrene-D 1494 C15H24 0.012 - - 

30 γ-Cadinene 1515 C15H24 0.109 - - 

31 β-Cadinene 1531 C15H24 0.180 - - 

32 OxCaryophyllene Oxide 1575 C15H24O 1.538 - 0.41 

Total identified (%) 88.583 96.475 98.075 

RI: Retention index; T.S: Thymus satureioides; R.O: Rosmarinus officinalis; O.M: Origanum majorana 

 

               
Figure 1. Antibacterial activity (inhibition zone) of essential oils from Thymus satureioides, Origanum majorana, and Rosmarinus 

officinalis against multidrug-resistant Salmonella spp. TS: Thymus satureioides; MO: Origanum majorana; RC: Rosmarinus officinalis; PC: 

Positive control. 

MO 
RC 

PC 
TS 
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Table 5. Inhibition diameters (mm) of tested essential oils against Salmonella 

Codes 
Essential oils Antibiotic 

Rosmarinus officinalis Thymus saturéoides Origanum majorana CTX 

S70 6 ± 0.1 10.5 ± 0.1 6 ± 0.1 30 

S80 6 ± 0.1 10.5 ± 0.1 6 ± 0.1 30 

S23 6 ± 0.1 11 ± 0.5 8 ± 0.1 30 

S21 11 ± 0.4 15.3 ± 0.1 8 ± 0.1 35 

S19 11 ± 0.4 15.3 ± 0.1 6 ± 0.1 35 

S62 11.3 ± 0.1 15.7 ± 0.4 8 ± 0.1 25 

S61 11.3 ± 0.1 15.7 ± 0.4 6 ± 0.1 25 

S69 15 ± 0.2 20.5 ± 0.1 30 ± 0.1 20 

S22 16.6 ± 0.1 15.7 ± 0.1 11 ± 0.1 30 

S1 10 ± 0.1 30.3 ± 0.1 15.2 ± 0.3 30 

S7 10 ± 0.1 30.3 ± 0.1 15.2 ± 0.3 30 

S67 6 ± 0.1 11 ± 0.1 8 ± 0.1 30 

S41 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S42 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S47 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S51 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S55 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S56 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S57 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S63 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S72 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S66 14.2 ± 0.1 12.2 ± 0.3 11.1 ± 0.4 30 

S58 8 ± 0.1 20.3 ± 0.4 11.5 ± 0.1 20 

S59 8 ± 0.1 15 ± 0.1 12 ± 0.2 28 

S60 7 ± 0.1 9 ± 0.1 7 ± 0.1 12 

S78 8 ± 0.1 9 ± 0.1 7 ± 0.1 12 

S44 12 ± 0.5 15.1 ± 0.2 12 ± 0.4 30 

CTX: Cefotaxime 

 
Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) 

The essential oils of Rosmarinus officinalis, Origanum majorana, and Thymus satureioides demonstrated variable 

activity against multidrug-resistant Salmonella strains. Among these, Thymus satureioides demonstrated the highest 

antibacterial potency, with a minimum inhibitory concentration as low as 0.15 mg/mL and a correspondingly low 

minimum bactericidal concentration for most of the tested strains. This combination of low MIC and MBC underscores 

its considerable potential as a promising antimicrobial agent against multidrug-resistant bacteria. In contrast, Rosmarinus 

officinalis and Origanum majorana showed more variable effects. For certain strains, Rosmarinus officinalis exhibited 

moderate MIC values ranging from 2.35 to 9.4 mg/mL, while its MBC values occasionally reached much higher 

concentrations, up to 75.2 mg/mL. This finding suggests that while Rosmarinus officinalis displays a notable inhibitory 

effect, its bactericidal activity often requires substantially higher concentrations.  

Origanum majorana exhibited a minimum inhibitory concentration (MIC) ranging from 0.17 mg/mL to                    

0.9 mg/mL, demonstrating its antibacterial potential. However, its effectiveness varied across different Salmonella 

strains, with some requiring higher MIC values, up to 0.9 mg/mL. The minimum bactericidal concentration (MBC) also 

displayed significant variability, ranging from 2.73 mg/mL to 43.75 mg/mL. While this essential oil exhibited inhibitory 

effects at MIC values as low as 0.17 mg/mL, its bactericidal activity was limited against certain highly resistant 

Salmonella strains, as indicated by the highest MBC value of 43.75 mg/mL (Figure 2). 
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A 

 
B 

 
Figure 2. Comparison of minimum inhibitory and minimum bactericidal concentrations of essential oils from Thymus satureioides, 

Origanum majorana, and Rosmarinus officinalis against multidrug-resistant Salmonella spp., A: Comparison of MICs for each 

essential oil. B: Comparison of MBCs for each essential oil 

 
 

DISCUSSION  

 

Essential oils are complex mixtures derived from various plant parts and are rich in aromatic components, such as 

terpenes. These oils are widely utilized across multiple fields, including medicine, cosmetics, and the food industry 

(Burt, 2004; Bakkali et al., 2008). The existing literature highlights their diverse biological activities, including 

significant antiseptic, antibacterial, antiviral, antioxidant, antiparasitic, antifungal, and insecticidal properties (Kalemba 

and Kunicka, 2003). Morocco is recognized as one of the leading global suppliers and producers of aromatic plants, 

including Artemisia herba-alba Asso, Mentha pulegium L., Lavandula stoechas L., and Rosmarinus officinalis L. These 

plants yield high-value-added products, playing a significant role in Morocco's economic development (Ait Bouzid et al., 

2024). In line with previous studies on the antimicrobial efficacy of essential oils, the present study confirms the potent 

antibacterial activity of Thymus satureioides, Origanum majorana, and Rosmarinus officinalis against multidrug-

resistant Salmonella strains. Similar findings have been reported by Hezil et al. (2022), who demonstrated that oregano 

essential oil is among the most effective against Escherichia coli and Staphylococcus aureus. Furthermore, a study by 

Soković et al. (2010) indicated that Rosmarinus officinalis exhibits antimicrobial activity against several Gram-positive 

and Gram-negative bacteria, supporting the results obtained in this study. 

The results revealed variable essential oil yields among the three studied species, with average values of 2.37 

mL/100 g DM for Thymus satureioides, 1.72 mL/100 g DM for Origanum majorana, and 2.10 mL/100 g DM for 



World Vet. J., 15(2): 292-304, 2025 

 

299 

 

Rosmarinus officinalis. These findings align with previous studies conducted in various regions of Morocco, where 

similar yields were reported under comparable climatic and soil conditions. For instance, Amarti et al. (2010) observed 

essential oil yields in the Middle Atlas under a semi-arid Mediterranean climate characterized by hot summers and mild, 

wet winters, along with well-drained, calcareous soils. These conditions are similar to those in the Benslimane region, 

which may explain the comparable yields. Similarly, several studies have demonstrated that environmental factors such 

as soil composition, temperature variations, and altitude significantly influence essential oil production. For instance, a 

study on Thymus fedtschenkoi in Iran highlighted that increasing altitude alters plant growth and essential oil 

composition, indicating a direct impact on yield (Ghelichnia, 2018). Likewise, studies on Salvia officinalis have shown 

that soil type and seasonal effects modify essential oil ratios, emphasizing the role of soil composition in oil production 

(Stojanovic et al., 2013). The notably high yield of Thymus satureioides supported the findings of Azzouzi et al. (2024), 

who underscored the significant potential of this species in semi-arid environments. For Rosmarinus officinalis, studies 

carried out in Spain and Greece under similar Mediterranean climates reported yields ranging between 1.5 and 2.4 

mL/100 g DM, confirming the competitiveness of the yield observed in the Benslimane region (Serralutzu et al., 2020; 

Kokkini et al., 2021). In contrast, the relatively lower yield observed for Origanum majorana may be attributed to its 

greater sensitivity to the specific environmental conditions in Benslimane. This trend is consistent with findings from 

Boulila (2022), who reported similar sensitivities in rosemary cultivated in Mediterranean regions, and from Baser et al. 

(2011), who observed comparable results in studies conducted in Turkey. These variations in yield, observed both 

nationally and internationally, underscore the combined influence of ecophysiological factors and distillation techniques. 

They highlight the importance of adapting agricultural practices and optimizing harvesting methods to specific 

environmental conditions to maximize essential oil extraction efficiency. 

The chemical composition analysis of the essential oils, performed using gas chromatography-mass spectrometry 

(GC-MS), revealed the dominance of thymol (28.67%) and borneol (21.15%) in Thymus satureioides, terpinen-4-ol 

(34.17%) and α-terpinene (19.4%) in Origanum majorana, and 1,8-cineole (50.33%) and camphor (17.80%) in 

Rosmarinus officinalis. 

Thymol, the predominant compound in the essential oil of Thymus satureioides, is widely recognized for its potent 

antimicrobial and antifungal properties (Marchese et al., 2016). Previous studies have demonstrated that thymol 

possesses potent antimicrobial properties, effectively targeting a wide range of pathogens, including multidrug-resistant 

bacteria and fungi (Hammer et al., 1999; Nostro et al., 2004). In Morocco, similar studies on Thymus satureioides 

reported thymol concentrations ranging from 25% to 30%, consistent with the results of the present study, Ziyyat and 

Boussouf (2012). In contrast, studies on related Thymus species in Spain and Turkey have documented lower thymol 

concentrations, typically around 20% (Rota and Herrera, 2008; Altundag and Ozturk, 2011). This comparatively high 

thymol content observed in Moroccan Thymus satureioides underscores its potential as a superior source for therapeutic 

applications, particularly in combating infections. 

Borneol contributes significantly to the antimicrobial effects of the essential oil. Moreover, studies have highlighted 

its analgesic and anti-inflammatory properties, which further enhance the oil's therapeutic potential (El Idrissi and 

Aboudaoud, 2010). Comparatively, a study conducted in the Atlas region of Morocco reported borneol concentrations 

ranging from 18% to 20%, which are slightly lower than those observed in the present study Chaieb and Hajlaoui (2007). 

Similar values have been documented in France, where borneol constitutes approximately 20% of the components 

identified in Thymus essential oils (Gheldof and Engeseth, 2002). 

The dominance of terpinen-4-ol in the essential oil of Origanum majorana aligns with previous studies conducted in 

Morocco. For instance, Benjilali et al. (1982) reported a similar predominance of terpinen-4-ol, with comparable values, 

in samples collected from various Moroccan regions. Additionally, international studies have also reported this 

compound as a predominant constituent. Origanum majorana essential oils from Mediterranean regions exhibited 

terpinen-4-ol concentrations ranging between 30% and 35%, as observed by Skocibusic et al. (2006). These findings 

confirm that the high concentration of terpinen-4-ol is a consistent characteristic across diverse geographical regions, 

reinforcing its potential as a potent antimicrobial agent. However, regional variability has been noted for other 

constituents. For example, Kamari et al. (2023) reported α-terpinene as a major component but observed slightly lower 

values compared to those of the current study. Similarly, studies conducted in Turkey and Spain found that α-terpinene 

content in Origanum samples typically ranged between 15% and 20% (Lawrence, 2001). 

1,8-Cineole, also known as eucalyptol, was identified as the major compound in the essential oil of Rosmarinus 

officinalis, with a significant concentration of 50.33%. Similar findings have been reported in Morocco; for instance, 

Bendaoud (2009) observed 1,8-Cineole content ranging from 40% to 55% in samples collected from northern Morocco, 

values closely aligning with those of the present study. Further supporting this trend, reported 1,8-Cineole concentrations 

of approximately 48% in Rosmarinus officinalis essential oils from Iran (Moghtader, 2012). These findings highlight the 
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relative uniformity of 1,8-Cineole composition across geographically distinct regions, reinforcing its prominence as a 

key component in rosemary essential oils. 

Camphor, another key compound in the essential oil of Rosmarinus officinalis, is well known for its analgesic, 

antimicrobial, and antispasmodic properties (Zuccarini and Soldani, 2009). In this study, camphor was present at a 

concentration of 17.80%, which aligns closely with findings from other Moroccan studies. For instance, Elamrani (2000) 

reported camphor content ranging between 15% and 20% in samples collected across Morocco, reflecting the 

consistency in climatic conditions and distillation methods. Similarly, Viuda-Martos (2007) quantified camphor 

concentrations at approximately 16% in Rosmarinus officinalis essential oils from Spain, further corroborating the results 

of the present study. These observations suggest that camphor is a reliable chemical marker of Rosmarinus officinalis, 

regardless of geographical origin. 

Essential oils, volatile compounds produced through the secondary metabolism of plants, play a critical role in 

defense against pathogens. Renowned for their antioxidant and antimicrobial properties, these compounds are invaluable 

for both plant protection and human applications (Ben Miri, 2025). Multiple studies have confirmed their effectiveness 

against a wide range of microorganisms, including both Gram-negative and Gram-positive bacteria, as well as various 

molds and yeasts (Kalemba and Kunicka, 2003; Nazzaro et al., 2013; Bouyahya et al., 2019). For example, Thymus 

vulgaris essential oil has been shown to be highly effective against both Gram-negative (Escherichia coli) and Gram-

positive (Staphylococcus aureus) bacteria, with minimum inhibitory concentrations (MIC) as low as 0.34 mg/mL 

(Nazzaro et al., 2013). Similarly, Zingiber cassumunar essential oil exhibits strong antimicrobial properties against 

bacterial and fungal pathogens (Chaieb and Hajlaoui, 2007). The antimicrobial mechanism of essential oils is primarily 

attributed to their ability to disrupt microbial cell membranes, leading to cell lysis and death (Dorman and Deans, 2000). 

The antibacterial activity of essential oils is largely affected by the structural composition of the target 

microorganism’s cell wall. Gram-positive bacteria tend to be more susceptible, as their membranes facilitate direct 

interaction with the hydrophobic constituents of essential oils (Soković et al., 2010; Zengin and Baysal, 2014). In 

contrast, the outer lipopolysaccharide membrane of Gram-negative bacteria acts as a barrier, restricting the entry of 

hydrophobic compounds and thereby reducing their susceptibility (Zengin and Baysal, 2014). 

The antibacterial activities of Origanum majorana, Thymus satureioides, and Rosmarinus officinalis have been 

extensively examined in both national and international studies (Bouazza et al., 2014; Lagha et al., 2019; Zuhairi et al., 

2020). The findings of this study align with the broader body of study while offering some unique insights. The results of 

the present study demonstrated a particularly strong inhibitory effect of Thymus satureioides essential oil, with inhibition 

zones ranging from 10.5 mm to 30.3 mm, indicating notable efficacy against multidrug-resistant bacterial strains. The 

MIC and MBC tests further confirmed this observation, with remarkably low MIC values (0.15 µg/µL), signifying the 

ability of the oil to inhibit bacterial growth at minimal concentrations. Similarly, the low MBC values (0.15 µg/µL) 

highlight the bactericidal potential of the oil at these same concentrations. Comparable results were observed in a study 

conducted in Spain, where MIC values ranged from 0.12 to 0.25 µg/µL against Salmonella Typhimurium (Ruberto et al., 

2000). The significant antibacterial efficacy of Thymus satureioides is largely due to its elevated concentrations of 

carvacrol and thymol, two compounds widely recognized for their potent antimicrobial effects. Moroccan studies have 

further corroborated these findings, demonstrating the significant antibacterial effects of Thymus essential oil against 

foodborne pathogens such as Salmonella spp. (Zantar et al., 2011; Bouyahya et al., 2019). These studies reported MIC 

values consistent with those in our work, along with similarly notable inhibition zones ranging between 10.5 mm and 

30.3 mm. Collectively, these results reinforce the potential of Thymus satureioides essential oil as a natural alternative to 

conventional antibiotics, offering promising applications for combating multidrug-resistant bacterial infections in both 

food safety and clinical settings. 

The essential oil of Origanum majorana demonstrated significant antibacterial activity, although it was slightly less 

effective than that of Thymus satureioides. Diffusion tests revealed variable antibacterial efficacy depending on the 

bacterial strains, which may be attributed to the moderate ability of the oil to diffuse through the culture medium. This 

variability likely stems from the chemical nature of the oil's components, which interact differently with bacterial cell 

membranes. These findings are consistent with a previous study conducted in Morocco. For example, a study in the Rif 

region reported similar MIC values for Origanum majorana essential oil, ranging from 0.2 to 0.5 µg/µL against 

Salmonella strains (Boutabia et al., 2016). Similarly, a study conducted in Italy by Soković et al. (2010) reported MIC 

and MBC values within a similar range to those observed in our study, further confirming the antibacterial potential of 

the tested essential oils. Their findings demonstrated that the essential oils exhibited strong inhibitory and bactericidal 

effects against a variety of bacterial strains, reinforcing the validity of the results of the present study. Although 

Origanum majorana essential oil exhibits inhibitory effects, it sometimes requires higher concentrations to achieve 

complete bacterial elimination. The presence of β-caryophyllene is likely a major contributor to its antibacterial activity, 
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while other compounds, such as terpenes, may play a role in the oil’s overall synergistic effects. This combination of 

components may explain the observed variability in efficacy across the tested bacterial strains. 

The essential oil of Rosmarinus officinalis exerts its antibacterial effects primarily through the disruption of the 

bacterial cell membrane. Active compounds, such as cineole and camphor, interact with membrane lipids, altering their 

permeability and causing leakage of intracellular content, ultimately leading to bacterial death. Additionally, Rosmarinus 

officinalis can inhibit bacterial respiration by blocking key enzymes involved in energy production, thereby interfering 

with bacterial metabolism. Although less pronounced, this essential oil can also impair protein and DNA synthesis, 

disrupting bacterial replication and cell division. Despite these mechanisms, the antibacterial efficacy of Rosmarinus 

officinalis remains more moderate compared to phenol-rich essential oils, such as those of Origanum majorana and 

Thymus satureioides (Olivas-Méndez et al., 2022). This observation is consistent with findings from Moroccan studies, 

which reported that Rosmarinus officinalis exhibits antimicrobial activity but often requires higher MIC values relative 

to phenol-rich essential oils (Celikel and Kavas, 2008). While Rosmarinus officinalis has demonstrated efficacy against 

certain pathogens, its overall activity is lower than that of Origanum majorana and Thymus essential oils (Celikel and 

Kavas, 2008), a trend that aligns with the results of this study. Here, Rosmarinus officinalis required higher 

concentrations to inhibit and eliminate bacteria. When comparing the antimicrobial activities of Origanum majorana, 

Thymus satureioides, and Rosmarinus officinalis, it becomes clear that differences in their chemical compositions play a 

crucial role in determining their varying levels of efficacy against microbial strains. 

 

CONCLUSION  

 

This study evaluated the yield, chemical composition, and antibacterial properties of essential oils extracted from 

Thymus satureioides, Origanum majorana, and Rosmarinus officinalis collected in the study area. The highest essential 

oil yield was obtained from Thymus satureioides, averaging 2.40 mL/100 g of dry matter (DM). Chemical analyses 

performed using gas chromatography coupled with mass spectrometry (GC-MS) revealed several bioactive components, 

with carvacrol and thymol being the most dominant.  The evaluation of antibacterial activity against multidrug-resistant 

Salmonella strains demonstrated significant efficacy, particularly for Thymus satureioides, which exhibited the strongest 

bacterial growth inhibition. These findings emphasize the potential of essential oils as natural alternatives to 

conventional antimicrobials in combating multidrug-resistant infections. Future studies should focus on identifying the 

precise mechanisms of action of these essential oils, conducting in vivo assessments to validate their therapeutic 

potential, and exploring synergistic effects when combined with existing antibiotics. 
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