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 АНТИБАКТЕРІАЛЬНА АКТИВНІСТЬ КОМЕРЦІЙНОЇ ЕФІРНОЇ ОЛІЇ

Маринюк М., Гиренко О., Буюн Л., Кургалюк Н.

  Ткаченко Г., Опришко М., Антонік І., 
Kirby-Bauer disc diffusion technique.

  Keywords: commercial  rosemary  essential  oil,  antibacterial  properties,  inhibition  zones, 
determine their possible side effects and toxicity.

antimicrobial properties. In vivo studies are needed to calculate the effective dose of EOs and to 
essential  oil  manufacturer  (NaturalneAromaty  sp.  z  o.o.,  Kłaj,  Poland)  has  some  significant 
respectively. The  results  suggest  that  commercial  rosemary  essential  oil  supplied  by  a  Polish 
faecalis  (Andrewes  and  Horder)  Schleifer  and  Kilpper-Balz  (ATCC

® 
29212™)  strains, 

for  E.  faecalis  (Andrewes  and  Horder)  Schleifer  and  Kilpper-Balz  (ATCC
® 

51299™)  and  E.

inhibition zone diameters after application of REO was 115.5% (p < 0.05) and 115.8% (p < 0.05)
diameters  after  application  of  REO  were  observed  for  E.  faecalis  strains.The  increase  in 
aureus  (NCTC

® 
12493)was  resistant  to  REO.On  the  other  hand,  the  largest  inhibition  zone 

strains  such  as  S.  aureus  subsp.  aureusRosenbach  (ATCC
® 

29213™).Methicillin-resistant  S. 
inhibition  zone  diameters  after  application  of  REO  was  50.3%  (p  <  0.05)  for  Gram-positive 
(ATCC

® 
25922™) strains compared to control samples (96% ethanol). Similarly, the increase in 

application of REO was 32.6% (p < 0.05) for Escherichia coli (Migula) Castellani and Chalmers 
those  of  the  control  samples  (96%  ethanol).  The  increase  in  inhibition  zone  diameter  after 
resistant to REO. The diameters of the inhibition zones after application of REO were similar to 
Chalmers  (ATCC

® 
35218™)  and  P.  aeruginosa  (Schroeter)  Migula  (ATCC

® 
27853™)  were 

study  showed  that  Gram-negative  bacterial  strains  such  as  E.  coli  (Migula)  Castellani  and 
(Andrewes  and  Horder)  Schleifer  and  Kilpper-Balz(ATCC

®
29212™).  The  results  of  the  current 

Balz(ATCC
®

51299™)  (resistant  to  vancomycin;  sensitive  to  teicoplanin)  and  E.  faecalis 
S.  aureus  (NCTC

® 
12493),  Enterococcus  faecalis(Andrewes  and  Horder)  Schleifer  and  Kilpper- 

Staphylococcus aureus subsp. aureusRosenbach  (ATCC
® 

29213™), methicillin-resistant (MRSA)

aeruginosa  (Schroeter)  Migula  (ATCC
® 

27853™)  and  Gram-positive  strains  such  as 
(ATCC

® 
25922™),  E.  coli  (Migula)  Castellani  and  Chalmers  (ATCC

® 
35218™),  Pseudomonas 

against  Gram-negative  strains  such  as  Escherichia  coli(Migula)  Castellani  and  Chalmers 
provides  insight  into  the  in  vitro  antibacterial  activity  of  commercial  rosemary  essential  oil 
lower respiratory tract diseases, mainly due to their antibacterial and antiviral effects.This study 
pharmaceutical industries. Rosemary essential oils are widely used in the treatment of upper and 

Rosemary  essential  oil  has  many  compounds  suitable  for  use  in  the  food,  cosmetic  and 
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РОЗМАРИНУ ПРОТИ ДЕЯКИХ ГРАМ-ПОЗИТИВНИХ ТА  

ГРАМ-НЕГАТИВНИХ БАКТЕРІЙ IN VITRO 

 

Ефірна олія розмарину (REO) містить багато сполук, які використовують в 

харчовій, косметичній та фармацевтичній промисловості. Ефірні олії розмарину 

широко використовуються при лікуванні захворювань верхніх і нижніх дихальних 

шляхів, в основному завдяки їх антибактеріальним і противірусним ефектам. Це 

дослідження було спрямоване на дослідження invitro антибактеріальної 

активності комерційної ефірної олії розмарину щодо грамнегативних штамів, 

таких як Escherichiacoli (Migula) Castellaniand Chalmers (ATCC
®
 25922™), E. coli 

(Migula) Castellaniand Chalmers (ATCC
®
 35218™), Pseudomonas aeruginosa 

(Schroeter) Migula (ATCC
®
 27853™) і грампозитивні штами, такі як Staphylococcus 

aureus subsp. aureus Rosenbach (ATCC
®
 29213™), метицилін резистентний (MRSA) 

S. aureus (NCTC
®
 12493), Enterococcus faecalis (Andrewesand Horder) Schleiferand 

Kilpper-Balz (ATCC
®
 51299™) (стійкий до ванкоміцину; чутливий до тейкопланіну) і 

E. faecalis (Andrewesand Horder) Schleiferand Kilpper-Balz (ATCC
®
 29212™). 

Результати цього дослідження показали, що штами грамнегативних бактерій, 

такі як E. coli (Migula) Castellani and Chalmers (ATCC
®
 35218™) і P. aeruginosa 

(Schroeter) Migula (ATCC
®
 27853™), були стійкідо REO. Діаметри зон інгібування 

після нанесення РЕО були подібними до контрольних зразків (96% етанол). 

Збільшення діаметрів зони інгібування після застосування REO становило 32,6% 

(p<0,05) для штамів E.coli (Migula) Castellani та Chalmers (ATCC
®
 25922™) 

порівняно з контрольними зразками (96% етанол). Подібним чином, збільшення 

діаметрів зон інгібування після застосування REO становило 50,3% (p<0,05) для 

грампозитивних штамів, таких як S. aureussubsp. aureusRosenbach (ATCC
®

 

29213™). Стійкий до метициліну S. aureus (NCTC
®
 12493) був стійким до REO. З 

іншого боку, найбільші діаметри зон інгібування після застосування RЕО 

спостерігалися для штамів E. faecalis. Збільшення діаметрів зон інгібування після 

застосування REO становило 115,5% (p< 0,05) і 115,8% (p< 0,05) для E. faecalis 

(AndrewesandHorder) SchleiferandKilpper-Balz (ATCC
®
 51299™) і E. faecalis 

(AndrewesandHorder) штами Schleifer і Kilpper-Balz (ATCC
®
 29212™) відповідно. 

Результати свідчать про те, що комерційна ефірна олія розмарину польського 

виробника ефірних олій (Naturalne Aromatysp. zo.o., Kłaj, Poland), проявляє істотне 

антимікробні властивості. Дослідження invivo необхідні для розрахунку ефективної 

дози RЕО та визначення можливих побічних ефектів і токсичності. 

Ключові слова: комерційна ефірна олія розмарину, антибактеріальні 

властивості, зони інгібування, методика дискової дифузії Кірбі-Бауера. 

 

INTRODUCTION 
Rosemary (Rosmarinus officinalis L.) is valued for its medicinal and aromatic 

properties. Rosemary is a perennial, evergreen herb with fragrant, needle-like 

leaves. It belongs to the Lamiaceae family. Several studies have reported that 

rosemary extracts have biological bioactivities such as hepatoprotective [28], 

antifungal [13], insecticidal [36], antioxidant [4] and antibacterial [22]. It has been 

used in traditional medicine as a stimulant, analgesic and against inflammatory 

diseases, physical and mental fatigue [25]. The antimicrobial and antioxidant 
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activities of rosemary extracts are attributed to phenolic acids, flavonoids and 

terpenoids, especially carnosic acid and rosmarinic acid [12, 16]. 

Rosemary essential oil (REO) is more than just aromatic magic. Behind the 

attractive aroma are numerous chemical components that give the oil not only a 

memorable flavour, but also a number of unique properties that make it valuable in 

the world [3, 12]. REO is a concentrated botanical extract obtained from fresh or 

dried rosemary by steam distillation. It contains a complex mixture of chemical 

compounds, including 1,8-cineol, α-pinene, camphor and others, giving it a 

distinctive aroma and multiple properties [18, 33]. The main components of 

rosemary essential oil are camphor (5.0-21%), 1,8-cineol (15-55%), α-pinene (9.0-

26%), borneol (1.5-5.0%), camphene (2.5-12%), β-pinene (2.0-9.0%) and limonene 

(1.5-5.0%) in proportions that vary according to the vegetative stage and bioclimatic 

conditions [6]. Table 1 provides a detailed chemical profile of rosemary essential 

oil, showing the main components and their percentages. Percentages may vary 

depending on the variety of rosemary, growing conditions and distillation method. 
 

Table 1  

Chemical profile of rosemary essential oil showing the main components and 

their percentages 

Compounds 

Percent 

Composition, 

% 

Brief Description References 

1,8-Cineole 

(Eucalyptol) 
25-50 

A key ingredient with a fresh, camphor-like aroma; known for 

its lipid-lowering, antioxidant, anti-inflammatory properties and 

respiratory benefits 

[10] 

α-Pinene 20-35 

Contributes to the pine aroma; α-pinene exhibits antibacterial, 

antifungal, anti-leishmania, anti-inflammatory and antioxidative 

activity, neuroprotective, gastroprotective, antitumor, 

antimetastatic properties 

[1] 

Camphor 15-25 
Provides a cooling sensation; possesses anti-inflammatory and 

analgesic properties 
[17] 

Borneol 2-6 
Adds a minty note to the fragrance; potential antimicrobial 

properties 
[24] 

Chamazulene 5-15 

Has anti-inflammatory, free radical scavenging, inhibition of 

cyclooxygenase-2 enzyme, and prevention of lipid peroxidation. 

It gives the oil a blue colour and is often associated with 

chamomile oil 

[40] 

α-Terpineol 3-8 

Imparts a pleasant floral odor; known for antimicrobial and 

relaxing properties. α-Terpineol has pharmacological activities 

such as anticonvulsant, sedative, antinociceptive and 

hypotensive properties 

[34] 

β-Pinene 2-6 
Contributes to the pine scent; has antibiotic resistance 

modulating, anticoagulant, antitumour, antimicrobial, 

antimalarial, antioxidant, anti-inflammatory, anti-leishmanial 

[30] 
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Compounds 

Percent 

Composition, 

% 

Brief Description References 

and analgesic effects 

Verbenone 1-5 

Recognised for its skin-regenerating properties, verbenone is 

considered gentler on the skin than some other ingredients. It 

has a sweet, fruity fragrance.Possesses antimicrobial, 

antioxidant, cytotoxic, antinociceptive and anti-inflammatory 

activities 

[19] 

Limonene 1-4 

Provides a citrus scent;possesses antioxidant, antidiabetic, 

anticancer, anti-inflammatory, cardioprotective, 

gastroprotective, hepatoprotective, immune modulatory, anti-

fibrotic, anti-genotoxic activities 

[2] 

Myrcene 1-3 

Contributes to earthy and musky notes; also found in basil and 

hops; possesses anxiolytic, antioxidant, anti-ageing, anti-

inflammatory, analgesic properties 

[35] 

Terpinen-4-

ol 
1-3 

Recognised for its anti-tumor, anti-bacterial, anti-fungal, anti-

platelet, anti-oxidation, anti-senile dementia, and anti-metabolic 

syndrome properties, terpinen-4-ol adds a mildly sweet and 

floral note to the oil 

[11] 

Bornylacetat

e 
1-3 

Known for its anti-microbial, anti-cancer, anti-inflammatory and 

anti-abortion properties, bornyl acetate has a sweet, pine-like 

aroma 

[44] 

α-Humulene 1-2 
Exhibits anti-cancer and anti-inflammatory properties and 

contributes to the herbal scent of rosemary oil 
[41] 

Caryophyllen

e 
1-2 

Known for its antioxidant, anti-inflammatory and anti-cancer 

properties, caryophyllene has a spicy, woody aroma 
[32] 

γ-Terpinene 1-2 

Recognized for its antimicrobial and anti-inflammatory 

properties, γ-terpinene contributes to the overall therapeutic 

benefits of rosemary oil 

[27] 

δ-Cadinene 1-2 Contributes to the woody, earthy aroma of rosemary oil [31] 

Rosmarinica

cid (non-

volatile) 

0.5-1.5 

Although not a volatile component, rosmarinic acid is a 

powerful antioxidant found in rosemary. Rosmarinic acid has 

various biological activities such as anti-inflammatory, 

antioxidant, anti-diabetic, antiviral, anti-tumour, 

neuroprotective, hepatoprotective, etc. 

[20] 

 

Rosemary (R. officinalis) is a medicinal plant native to the Mediterranean 

region. It is cultivated throughout the world.In addition to its therapeutic uses, it is 

widely used as a flavouring and food preservative [14]. R. officinalis extracts are a 

promising therapeutic agent that can be added to some medical and dental 

formulations, such as toothpastes, mouthwashes, root canal irrigants, ointments, 
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soaps, for the control of pathogenic microorganisms and biofilms, with anti-

inflammatory effects and without cytotoxic and genotoxic effects [15].R. officinalis 

is also widely used today as a food preservative and is known for its strong 

antibacterial activity [39]. REO showed the highest antimicrobial activity, with 65% 

of anti-infection studies from the 1990s to 2014 [3]. The antimicrobial activity of 

the essential oil was superior to that of the individual compounds 1,8-cineol and α-

pinene [7, 22]. 

In the present study, the antibacterial properties of commercial REO supplied 

by a Polish producer of essential oils (NaturalneAromaty sp. z o.o., Kłaj, Poland) 

were investigated against some gram-positive and gram-negative bacteria. The 

antimicrobial susceptibility test was used (Kirby-Bauer disc diffusion test to 

measure the diameter of the zone of bacterial growth inhibition). 

 

MATERIALS AND METHODOLOGY 

Rosemary essential oil.The REO was provided by a Polish producer of 

essential oils (NaturalneAromaty sp. z o.o., Kłaj, Poland). The sample tested 

contained no additives or solvents and was confirmed by the manufacturer to be 

natural. Samples were stored in reclosable vials at 5°C in the dark, but allowed to 

reach room temperature before testing. Geographical origin was excluded as 

information was mostly not available. 

Determination of antibacterial activity of essential oils by disc diffusion 

method. The antibacterial activity of REO was tested in vitro using the Kirby-Bauer 

disc diffusion technique [5]. In the current study, Gram-negative strains such as 

Escherichia coli (Migula) Castellani and Chalmers (ATCC
®
 25922™), Escherichia 

coli (Migula) Castellani and Chalmers (ATCC
®
 35218™), Pseudomonas 

aeruginosa (Schroeter) Migula (ATCC
®
 27853™) and Gram-positive strains such 

as Staphylococcus aureus subsp. aureusRosenbach (ATCC
®
 29213™), methicillin-

resistant (MRSA), mecA-positive Staphylococcus aureus (NCTC
®
 12493), 

Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-

Balz(ATCC
®
51299™) (resistant to vancomycin; sensitive to teicoplanin) and 

Enterococcus faecalis (Andrewes and Horder) Schleifer and Kilpper-

Balz(ATCC
®
29212™) were used. 

Strains were inoculated onto Mueller-Hinton (MH) agar plates. Sterile filter 

paper discs impregnated with REO were placed over each culture dish. Bacterial 

isolates were then incubated with REO at 37 °C for 24 h. The Petri dishes were then 

observed for the zone of inhibition produced by the antibacterial activity of REO. A 

control Petri dish impregnated with 96% ethanol was used in each experiment. At 

the end of the 24-hour period, the inhibition zones formed were measured in 

millimetres using a vernier. Eight replicates were tested for each strain (n = 8). The 

Petri dishes were observed and photographed. The susceptibility of the test 

organisms to REO was indicated by a clear zone of inhibition around the discs 

containing REO and the diameter of the clear zone was used as an indicator of 

susceptibility. Zone diameters were determined and averaged. The following zone 
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diameter criteria were used to classify bacteria as susceptible or resistant to the 

tested phytochemicals: Susceptible (S) ≥ 15 mm, intermediate (I) = 10-15 mm and 

resistant (R) ≤ 10 mm [26, 37, 38]. 

Statistical analysis. Statistical analysis of the data obtained was performed 

using the mean ± standard error of the mean (S.E.M.). All variables were 

randomised according to the phytochemical activity of the REO tested. All 

statistical calculations were performed on separate data from each strain. The data 

were analysed by one-way analysis of variance (ANOVA) using Statistica v. 13.3 

software (TIBCO Software Inc., USA) [43]. 

 

RESULTS AND DISCUSSION 

The antibacterial activity induced by REO, estimated as the diameter of the 

growth inhibition zones of the Gram-positive and Gram-negative strains tested, is 

shown in Figures 1 and 2. 

 
Fig. 1. The antibacterial activity induced by rosemary essential oil, estimated as the diameter of 

the growth inhibition zones of the Gram-positive and Gram-negative strains tested. 

Data are presented as mean ± standard error of the mean (S.E.M.). 

* – significant differences between control (96% ethanol) and REO (p < 0.05) are indicated. 

 

The results of the current study showed that Gram-negative strains such as E. 

coli and P. aeruginosa were resistant to REO. The diameters of inhibition zones for 

E. coli (Migula) Castellani and Chalmers (ATCC
®
 25922™) strains after application 

of REO were increased to (11.22 ± 0.61 mm) compared to the 96% ethanol as 

control samples (8.46 ± 0.54 mm). Similar results were obtained for E. coli (Migula) 

Castellani and Chalmers (ATCC
®
 35218™) strains. The diameters of the inhibition 

zones after application of REO were (8.25 ± 0.52 mm) compared to the 96% ethanol 

control samples (7.51 ± 0.61 mm). The P. aeruginosa (Schroeter) Migula strain 
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(ATCC
®
 27853™) was also resistant to REO. The diameters of the inhibition zones 

after the application of REO were (8.33 ± 0.44 mm) compared to the 96% ethanol as 

control samples (7.23 ± 0.49 mm) (Fig. 1). 

Gram-positive strains were more sensitive to REO than Gram-negative strains. 

S. aureus strains showed low activity against REO. The S. aureus (NCTC
®
 12493) 

strain was less sensitive than the S. aureus subsp. aureusRosenbach (ATCC
®
 

29213™) strain. Diameters of inhibition zones after application of REO were (10.11 

± 0.56 mm) compared to 96% ethanol as control samples (10.12 ± 0.48 mm) for S. 

aureus (NCTC
®
 12493) strain and (15.49 ± 0.75 mm) compared to 96% ethanol as 

control samples (10.31 ± 0.59 mm) for S. aureus subsp. aureusRosenbach (ATCC
®
 

29213™) strain. The increase in inhibition zone diameters after application of REO 

was 50.3% (p < 0.05) for S. aureus subsp. aureusRosenbach (ATCC
®
 29213™) 

strain compared to the control samples (96% ethanol) (Fig. 1). 

E. faecalis strains were more sensitive to REO (Fig. 1). Diameters of inhibition 

zones after application of REO were (16.23 ± 0.88 mm) compared to 96% ethanol 

as control samples (7.53 ± 0.60 mm) for E. faecalis (Andrewes and Horder) 

Schleifer and Kilpper-Balz (ATCC
®
 51299™) strain and (17.65 ± 8.18 mm) 

compared to the 96% ethanol as a control samples (8.18 ± 0.55 mm) for E. faecalis 

(Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC
®
 29212™) strain. The 

increase in inhibition zone diameters after application of REO was 115.5% (p < 

0.05) and 115.8% (p < 0.05) for E. faecalis (Andrewes and Horder) Schleifer and 

Kilpper-Balz (ATCC
®
 51299™) and E. faecalis (Andrewes and Horder) Schleifer 

and Kilpper-Balz (ATCC
®
 29212™) strains, respectively (Fig. 1). 

Detailed photographs of the zones of inhibition by REO against Gram-positive 

and Gram-negative bacterial strains were taken and are shown in Figure 2. 

In line with our previous studies on the antibacterial potential of various plant 

extracts and EOs, in the current study we investigated the antibacterial potential of 

commercial rosemary essential oil against Gram-positive and Gram-negative 

bacterial strains. Gram-negative bacterial strains such as E. coli (Migula) Castellani 

and Chalmers (ATCC
®
 35218™) and P. aeruginosa (Schroeter) Migula (ATCC

®
 

27853™) were resistant to the REO. The diameters of the inhibition zones after 

application of REO were similar to the control samples (96% ethanol). The increase 

in inhibition zone diameters after application of REO was 32.6% (p < 0.05) for E. 

coli (Migula) Castellani and Chalmers (ATCC
®
 25922™) strains compared to 

control samples (96% ethanol). Similarly, Gram-positive strains such as S. aureus 

subsp. aureus Rosenbach (ATCC
®
 29213™) and methicillin-resistant S. aureus 

(NCTC
®
 12493) were resistant to REO. On the other hand, E. faecalis (Andrewes 

and Horder) Schleifer and Kilpper-Balz (ATCC
®
 29212™) and E. faecalis 

(Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC
®
 51299™) were 

sensitive to REO. The largest inhibition zone diameters after application of REO 

were observed for E. faecalis strains (Figures 1 and 2). 
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Fig. 2. Growth inhibition zones induced by rosemary essential oil against Enterococcus faecalis 

(Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC
®
 29212™) (A), Enterococcus faecalis 

(Andrewes and Horder) Schleifer and Kilpper-Balz (ATCC
®
 51299™) (B), Staphylococcus 

aureus subsp. aureusRosenbach (ATCC
®
 29213™) (C), Staphylococcus aureus (NCTC

®
 12493) 

(D), Escherichia coli (Migula) Castellani and Chalmers (ATCC
®
 25922™) (E), Escherichia coli 

(Migula) Castellani and Chalmers (ATCC
®
 35218™) (F) 

 

Based on some studies, the essential oils of species belonging to the Lamiaceae 

family have antimicrobial activity against tested microbial isolates and can therefore 

be a good source of natural antimicrobial agents. For example, Bernardes and co-

workers (2010) reported on the antimicrobial activity of the main components of 

rosemary oil against oral pathogens. The antimicrobial activity of the oil and its 

main constituents was tested against the following microorganisms: Streptococcus 

mutans, Streptococcus mitis, Streptococcus sanguinis, Streptococcus salivarius, 

Streptococcus sobrinus and Enterococcus faecalis, which are potentially responsible 

for the formation of dental caries in humans. The microdilution method was used to 

determine the minimum inhibitory concentration (MIC) in the evaluation of 

antibacterial activity. The essential oil showed low activity against the selected 

microorganisms. Sixty-two constituents were identified, representing 98.06% of the 

total rosemary oil content. Oxygenated monoterpenes were the predominant 

components. The rosemary oil was characterised by prominent (> 5%) contents of 

camphor (18.9%), verbenone (11.3%), α-pinene (9.6%), β-myrcene (8.6%), 1,8-

cineole (8.0%) and β-caryophyllene (5.1%). In this study, the pure major 

compounds were more active than the essential oil. Of all the microorganisms 

tested, the pathogen S. mitis was the most susceptible and E. faecalis the most 

resistant to the samples evaluated [8]. 

The biological activities of R. officinalis extract were evaluated in the study by 

de Oliveira and co-workers (2017) as antimicrobial effect on mono- and 
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polymicrobial biofilms, cytotoxicity, anti-inflammatory capacity and genotoxicity 

[15]. Monomicrobial biofilms of Candida albicans, Staphylococcus aureus, 

Enterococcus faecalis, Streptococcus mutans and Pseudomonas aeruginosa and 

polymicrobial biofilms of C. albicans with each bacterium were formed in 

microplates for 48 h and exposed to R. officinalis extract (200 mg/mL) for 5 min.Its 

cytotoxic activity was assessed on murine macrophages (RAW 264.7), human 

gingival fibroblasts (FMM-1), human breast carcinoma cells (MCF-7) and cervical 

carcinoma cells (HeLa) after exposure to different concentrations of the extract. 

Anti-inflammatory activity was evaluated in RAW 264.7 non-stimulated or 

stimulated with lipopolysaccharide (LPS) from Escherichia coli and treated with 

different concentrations of the extract for 24 h. Interleukin-1 beta (IL-1β) and 

tumour necrosis factor-alpha (TNF-α) were quantified by ELISA. Genotoxicity was 

assessed by the frequency of micronuclei (MN) in 1000 cells after exposure to the 

extract concentrations for 24 h.Significant reductions in colony-forming units per 

millilitre (CFU/mL) were observed in all biofilms. With respect to cells, it was 

observed that concentrations ≤ 50 mg/mL resulted in cell viability greater than 50%. 

The production of pro-inflammatory cytokines in the treated groups was similar or 

lower than in the control group. The frequency of MN in the extract-exposed groups 

was similar or lower than in the untreated group. R. officinalis extract was shown to 

be effective against mono- and polymicrobial biofilms; it also provided cell viability 

of over 50% (at ≤ 50 mg/mL), showed anti-inflammatory activity and was not 

genotoxic. Impact statement R. officinalis extract effectively contributed to the in 

vitro control of important species of microorganisms such as Candida albicans, 

Staphylococcus aureus, Enterococcus faecalis, Streptococcus mutans and 

Pseudomonas aeruginosa in mono- and polymicrobial biofilms, which are 

responsible for several infections in the oral cavity as well as in other regions of the 

body. Furthermore, this extract also promoted cell viability above 50% at 

concentrations ≤ 50 mg/mL, excellent anti-inflammatory effect, showing inhibition 

or reduction of the synthesis of proinflammatory cytokines, being also non-

genotoxic to the cell lines studied [15]. 

In the study by Wang and co-workers (2012), REO and three of its major 

components, 1,8-cineole (27.23%), α-pinene (19.43%) and β-pinene (6.71%), were 

evaluated for their in vitro antibacterial activities and toxicological properties. REO 

possessed antibacterial activities similar to α-pinene and slightly better than β-

pinene.Moreover, 1,8-cineole possessed the lowest antibacterial activities. REO 

showed the strongest cytotoxicity against three human cancer cells. Its 50% 

inhibition concentration (IC₅₀) values against SK-OV-3, HO-8910 and Bel-7402 

were 0.025‰, 0.076‰ and 0.13‰ (v/v), respectively. The cytotoxicity of all test 

samples was significantly higher on SK-OV-3 than on HO-8910 and Bel-7402. In 

both antibacterial and anticancer systems, REO generally showed greater activity 

than its constituents [39]. 

The essential oils of rosemary (Rosmarinus officinalis L.) and sage (Salvia 

officinalis L.) were analysed by Bozin and co-workers (2007) using gas 
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chromatography-mass spectrometry and evaluated for their antimicrobial and 

antioxidant activities [9]. The antimicrobial activity was tested against 13 bacterial 

strains and 6 fungi, including Candida albicans and 5 dermatomycetes. The main 

antibacterial activity of both essential oils was expressed against Escherichia coli, 

Salmonella typhi, S. enteritidis and Shigellasonei. A significant rate of antifungal 

activity, especially of rosemary essential oil, was also exhibited. The antioxidant 

activity was evaluated as free radical scavenging capacity (RSC) together with the 

effect on lipid peroxidation (LP). RSC was assessed by measuring the scavenging 

activity of essential oils on 2,2-diphenyl-1-picrylhydrazil (DPPH) and hydroxyl 

radicals. Effects on LP were evaluated following the activities of essential oils in 

Fe
2+

/ascorbate and Fe
2+

/H2O2 induction systems. The essential oils studied reduced 

DPPH radical formation in a dose-dependent manner (IC50 = 3.82 μg/mL for 

rosemary and 1.78 μg/mL for sage). A strong inhibition of LP in both induction 

systems was observed especially for rosemary essential oil [9]. 

Luqman and co-workers (2007) evaluated the antimicrobial potential of 

rosemary essential oil specifically for its efficacy against the drug-resistant mutants 

of Mycobacterium smegmatis, Escherichia coli and Candida albicans. The 

antibacterial, antifungal and drug resistance modifying activity was evaluated both 

qualitatively and quantitatively using disc diffusion and broth dilution assays. 

Rosemary essential oil was found to be more active against Gram-positive 

pathogenic bacteria, except E. faecalis and drug-resistant mutants of E. coli, 

compared to Gram-negative bacteria. It was also found to be more active against 

non-filamentous, filamentous, dermatophytic pathogenic fungi and drug resistant 

mutants of Candida albicans [23]. 

The essential oil composition of Rosmarinus officinalis var. typicus and var. 

troglodytorum, endemic to Tunisia and growing wild in different bioclimates, was 

determined by Zaouali and co-workers (2010). The oils were evaluated for 

antimicrobial and antioxidant activity. Variation in chemical composition was found 

to be due to cultivar rather than bioclimate. 1,8-Cineol (47.2-27.5%) and camphor 

(12.9-27.9%) were identified as the main components of var. typicus and var. 

troglodytorum, respectively. Principal component analysis of the oil constituents of 

all populations allowed the distinction of two distinct population groups according 

to varietal subdivision. Based on the determination of the diameter of inhibition and 

the determination of the minimum inhibitory concentration, a low to moderate 

antimicrobial activity was observed according to the oils against eight bacteria 

tested. However, oils from var. troglodytorumshowed higher bactericidal activity 

than those from var. typicus. The antioxidant activity of the oils, determined by the 

1,1-diphenyl-1-picrylhydrazyl (DPPH) assay, the ferric reduction assay (FRAP) and 

the β-carotene bleaching test, was relatively high. The highest activity was found in 

oils from var. troglodytorum and in a population of var. typicus from the upper 

semi-arid bioclimate [42]. 

Seasonal variability in essential oil composition and biological activity of 

Rosmarinus officinalis accessions in the western Himalayas was evaluated by 
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Rathore and co-workers (20-22). The accessions were evaluated to determine the 

EO content, composition, antimicrobial and cytotoxic potential of rosemary in 

different harvesting seasons during 2018-2019. EOs were active against both Gram-

positive bacteria tested (Micrococcus luteus MTCC 2470 and Staphylococcus 

aureus MTCC 96). EOs showed inhibition of Gram-negative bacteria (Salmonella 

typhi MTCC 733), while Klebsiella pneumoniae MTCC 109 was found to be 

resistant. The rosemary EO of T1 (rainy season IHBT/RMAc-1) was most effective 

against S. aureus MTCC 96 with a minimum inhibitory concentration (MIC) of 4% 

(v/v). In vitro cytotoxicity evaluation did not show any potential anti-proliferative 

activity of EO. The EO profile of rosemary in the Western Himalayan region was 

influenced by harvest season and genetic variability within accessions [29]. 

Jardak and co-workers (2017) investigated the chemical composition of 

Rosmarinus officinalis essential oil (ROEO) and evaluated its antibiofilm activity on 

biofilm-forming bacteria, and its anticancer activity on cancer cell lines [21]. In this 

study, thirty-six compounds were identified in ROEO using GC-MS analysis. The 

major components were 1,8-cineol (23.56%), camphene (12.78%), camphor 

(12.55%) and β-pinene (12.3%). The antibacterial activity of ROEO was evaluated 

by the microdilution method. The oil showed inhibitory and bactericidal activity 

against two strains: Staphylococcus aureus ATCC 9144 and Staphylococcus 

epidermidis S61. It was found that the minimum inhibitory concentration (MIC) 

obtained for S. aureus and S. epidermidis ranged from 1.25 to 2.5 and from 0.312 to 

0.625 μl∙mL
-1

, respectively, and the minimum bactericidal concentration (MBC) 

was in the order of 5 and 2.5 μl∙mL
-1

, respectively. Furthermore, this oil showed an 

inhibition of S. epidermidis biofilm of more than 57% at a concentration of 25 

μl∙mL
-1

. The eradication of 67% of the established biofilm was observed at a 

concentration of 50 μl∙mL
-1

 of ROEO, whereas the dose of 25 μl∙mL
-1

 removed only 

38% of the preformed biofilm. ROEO strongly inhibited the proliferation of Hela 

and MCF-7 cells with IC50 values of 0.011 and 0.253 μl∙mL
-1

, respectively.Results 

from Jardak and co-workers (2017) showed that ROEO could have a potential role 

in the treatment of diseases associated with microbial infection or cancer cell 

proliferation [21]. 

 

CONCLUSIONS 

In conclusion, this study provides insight into the in vitro antibacterial activity 

of commercial rosemary essential oil against Gram-negative strains such as E. coli 

(Migula) Castellani and Chalmers (ATCC
®
 25922™), E. coli (Migula) Castellani 

and Chalmers (ATCC
®
 35218™), P. aeruginosa (Schroeter) Migula (ATCC

®
 

27853™) and Gram-positive strains such as S. aureus subsp. aureusRosenbach 

(ATCC
®
 29213™), methicillin-resistant (MRSA) S. aureus (NCTC

®
 12493), E. 

faecalis (Andrewes and Horder) Schleifer and Kilpper-Balz(ATCC
®
51299™) 

(resistant to vancomycin; sensitive to teicoplanin) and E. faecalis (Andrewes and 

Horder) Schleifer and Kilpper-Balz(ATCC
®
29212™).  
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The results of the current study showed that Gram-negative bacterial strains 

such as E. coli (Migula) Castellani and Chalmers (ATCC
®
 35218™) and P. 

aeruginosa (Schroeter) Migula (ATCC
®
 27853™) were resistant to REO. The 

diameters of the inhibition zones after application of REO were similar to those of 

the control samples (96% ethanol). The increase in inhibition zone diameters after 

application of REO was 32.6% (p < 0.05) for E. coli (Migula) Castellani and 

Chalmers (ATCC
®
 25922™) strains compared to control samples (96% ethanol). 

Similarly, the increase in inhibition zone diameters after application of REO was 

50.3% (p < 0.05) for Gram-positive strains such as S. aureus subsp. 

aureusRosenbach (ATCC
®
 29213™). Methicillin-resistant S. aureus (NCTC

®
 

12493) was resistant to REO.On the other hand, the largest inhibition zone 

diameters after application of REO were observed for E. faecalis strains. The 

increase in inhibition zone diameters after application of REO was 115.5% (p < 

0.05) and 115.8% (p < 0.05) for E. faecalis (Andrewes and Horder) Schleifer and 

Kilpper-Balz (ATCC
®
51299™) and E. faecalis (Andrewes and Horder) Schleifer 

and Kilpper-Balz (ATCC
®
 29212™) strains, respectively.The results suggest that 

commercial rosemary essential oil supplied by a Polish essential oil manufacturer 

(NaturalneAromaty sp. z o.o., Kłaj, Poland) has some remarkable antimicrobial 

properties. In vivo studies are needed to calculate the effective dose of EOs and to 

determine their possible side effects and toxicity. 
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