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Abstract
Background: Cupressus sempervirens is a medicinal plant traditional, its dried leaves are used in treatment of
stomach pain, diabetes, inflammation, toothache, laryngitis and as contraceptive.
Methods: The present study was conducted to evaluate the in vitro antimicrobial, antibiofilm and determination
chemical contents of the essential oil (Eo) and methanol extract from Mediterranean C. sempervirens L. The chemical
composition of a hydrodistilled Eo of C. sempervirens was analyzed by a GC and GC/MS system.
Results: A total of 20 constituents representing 98.1% of the oil were identified: α-pinene (48.6%), δ-3-carene
(22.1%), limonene (4.6%) and α-terpinolene (4.5%) were the main components comprising 79.8% of the oil. The
antimicrobial test results showed that the methanol extract of C. sempervirens strongly inhibited the growth of the
test bacteria studied, except for yeast species while the Eo had moderate antibacterial, but no anti-candida activity.
Klebsiella pneumoniae was proven to be the most susceptible against methanol extract. The exposure time of Eo
and methanol extract for complete inhibition of cell viability of K. pneumoniae was found to be 250 μg at 30 min
and 500 μg at 120 min, respectively. The antibiofilm potential of the samples was evaluated using methods of
PVC microtiter and eradication on biomaterial. Visual results showed visible biofilm eradication from the surface
of intravenous infusion tube at 500 μg of Eo and methanol extract.
Conclusions: The results presented here may suggest that the Eo and extracts of C. sempervirens possess
antimicrobial and antibiofilm properties, and therefore, can be used as natural preservative ingredients in food and/
or pharmaceuticals.
Keywords: Mediterranean Cupressus sempervirens L, Methanol extract, Essential oil, GC-MS, Antimicrobial activity,
Antibiofilm activity

Background
The genus Cupressus (Cupressaceae) consists of twelve
species spread across North America, the Mediterranean
Basin, and subtropical Asia at high altitudes [1]. C. sempervirens is a considered to be a medicinal tree, as its
dried leaves are used for stomach pain, as well as to treat
diabetes, and its dried fruit is used to treat inflammation,
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toothache, and laryngitis and as a contraceptive and
astringent [2]. In addition, its dried seeds have been used
to treat wounds, ulcers, bruises, sores, pimples, pustules,
skin eruptions, and erysipelas, and the essential oil from
the leaves and cones is used externally for headache,
colds, cough, and bronchitis. With respect to these medicinal and pharmacological advantages, C. sempervirens
is widely used as a cosmetic ingredient in perfumery and
soap-making, including its essential oil distilled from
shoots [3]. This species has many specific botanical
features, including tolerance to drought, air currents,
wind-driven dust, sleet, and atmospheric gases, a well-
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developed root system, the ability to flourish in both
acidic and alkaline soils, and seeds that are easily collected for oil extraction. These seeds can be an industrial
oil source and the extracted oil with a weak valued cost
price might be used for different applications [4].
The geographic area of Cupressus genus is limited to
the northern hemisphere and many species have been
studied [5]. To the best of our knowledge, there are
many papers report on the chemical composition of essential oils of C. sempervirens grown in north Mediterranean basin [6-8]. Few studies have investigated their
antimicrobial activities [9-11]. The aim of this work was
to assay the main constituent of the essential oil obtained from leaves of Mediterranean C. sempervirens,
and to carry out a comparative evaluation of their antibacterial, antibiofilm activities and chemical contents.

vigorously shaken. Absorbance at 415 nm was recorded
after 30 minutes of incubation. A standard calibration
plot was generated at 415 nm using known concentrations
of quercetin. The concentrations of flavonoid in the test
samples were calculated from the calibration plot and
expressed as mg quercetin equivalent/g of sample.

Methods
Plant materials

The aerial parts of C. sempervirens L. were collected from
the random gardens in Sakaka, Aljouf (Saudi Arabia) on
August 2013. C. sempervirens is largely used as windbreaks
and ornamentals throughout northern of Saudi Arabia, and
used as traditional medicines to treat cough, influenza, and
rheumatism by local people (information has been
taken from native people). Specimens were identified
at the Aljouf University (Aljouf, Saudi Arabia) and
voucher specimen (No. 71) was deposited at the
Herbarium of the Department in the cited university.
Preparation of the methanol extract

The powder form of C. sempervirens (50 g) was extracted with methanol (200 ml X 3 times) at room
temperature. The methanol extract was combined and
evaporated by a vacuum rotary evaporator at 45°C to the
dried powdered form (yield 2.6%, w/w). The resulting extract was then lyophilized and kept in the dark at +4°C until
tested.
Preparation of essential oil

Eo was obtained using the Clevenger hydrodistillation
method. The plant material (about 300 g), was cut into
small pieces, and placed in a flask (4 l) together with
doubly distilled water (1.5 l). The mixture was boiled for
3 h, the collected Eo was dried with anhydrous sodium
sulphate and kept at −18°C until use.
Determination of total flavonoids

The aluminum chloride method was used for the determination of the total flavonoid content of the methanol
extracts. Aliquots of extract solutions were taken and
made up the volume 3 ml with methanol. Then 0.1 ml
AlCl3 (10%), 0.1 ml Na-K tartarate and 2.8 ml distilled
water were added sequentially. The test solution was

GC and GC-MS analysis conditions of the essential oil

GC analysis was performed on a Hewlett Packard 5890
II gas chromatograph equipped with a FID and HP-5 ms
capillary column (bonded and cross-linked 5%- phenylmethylpolysiloxane 30 m · 0.25 mm i.d., film thickness
0.25 lm). Injector and detector temperatures were set at
220 and 290°C, respectively. The oven temperature was
held at 50°C for 3 min, then programmed to 240°C at a
rate of 3°C/min. Helium was the carrier gas, at a flow
rate of 1 mL/min. Diluted samples (1/100 in acetone,
v/v) of 1.0 lL were injected manually and in the splitless
mode. Quantitative data were obtained electronically
from FID area percent data. GC-MS analysis of the Eo
was performed under the same conditions with GC
(column, oven temperature, flow rate of the carrier gas)
using a Hewlett Packard 5890 II gas chromatograph
equipped with a mass selective detector in the electron
impact mode (70 eV). Injector and MS transfer line temperatures were set at 220 and 290°C, respectively. The
components were identified based on the comparison of
their relative retention time and mass spectra with those
of standards, NBS75K library data of the GC-MS system
and literature data [12]. Alkanes were used as reference
points in the calculation of relative retention indexes
(RRI).
Antimicrobial tests
Microbial strains

The bacterial and yeast strains used in this work are described in Table 1. These microbial strains were isolated
from human and food beings and belong to the microbiological laboratory collection of the department of
microbiology from Aljouf University, Saudi Arabia. Nutrient agar (for bacterial strains) and Sabouraud dextrose
agar media (for yeast strains) were inoculated with this
suspension of the respective organism and poured into a
sterile petri dish.
Disc-diffusion assay

The agar diffusion assay was performed according to the
modified Kirby-Bauer disc diffusion method [13]. One ml
of each test organism liquid culture was individually
suspended in 3 ml of a 0.9% NaCl solution. The Eo and
methanol extract were dissolved in 10% dimethylsulfoxide
(DMSO) to a final concentration of 30 mg/ml as stock solution and sterilized by filtration through 0.45 μm Millipore
filters. Antimicrobial tests were then carried out using
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Table 1 Antimicrobial activity of the essential oil and methanol extract from of Mediterranean cypress Cupressus
sempervirens L
Essential oil
Origin

DDa

MIC

Methanol extract
MBC

DD

MIC

MBC

Gram positive bacteria
Bacillus cereus

Food

-

-

-

-

-

-

Bacillus subtilis

Human

-

-

-

-

-

-

Enterococcus feacalis

Human

-

-

-

4

250

250

Serratia marcescens

Human

-

-

-

-

-

-

Staphlococcus aureus

Human

7

250

250

6

125

125

Gram negative bacteria
Aeromonas hydrophila

Human

-

-

-

-

-

-

Escherichia coli

Human

-

-

-

-

-

-

Klebsiella pneumoniae

Human

7

62.5

125

12

62.5

62.5

Proteus vulgaris

Human

-

-

-

-

-

-

Pseudomonas aeruginosa

Human

-

-

-

8

125

125

Salmonella indica

Food

4

250

250

4

125

125

Candida albicans

Human

-

-

-

-

-

-

Saccharomyces cerevisiae

Human

-

-

-

-

-

-

Yeast

MIC (minimum inhibition concentration) and MBC (minimum bactericidal concentration) as μg/ml of essential oil or methanol extract; (−) no antimicrobial activity.
Values are average of triplicate.
a
Inhibition zone in diameter (mm) around the discs impregnated with essential oil and methanol extract (100 μg/disc).

100 μl of suspension containing 108 cfu/ml of bacteria and
106 cfu/ml of yeast spread on nutrient agar and Sabouraud
dextrose agar media, respectively. The discs (6 mm in
diameter) were impregnated with 100 μg of the essential oil
and methanol extract, and then placed onto inoculated
agar. Negative controls were prepared using the same solvent employed to dissolve the extract. The inoculated plates
were incubated at 37°C for 24 h for clinical bacterial strains
and 48 h for yeast isolates. Antimicrobial activity was evaluated by measuring the zone of inhibition against the test
organisms.
Micro-well dilution assay of MIC and MBC

The minimal inhibitory concentration (MIC) values of
the Eo and methanol extract were studied using the
micro-well dilution method for the bacterial strains
which were sensitive to Eo and methanol extract in the
disc diffusion assay. In brief, the 96-well plates were prepared by dispensing 95 μl of nutrient broth and 5 μl of
the inocula into each well. The inocula of the bacterial
strains were prepared from 12 h broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity. One hundred μl aliquot from the stock solutions
of the Eo and methanol extract initially prepared at the
concentration of 250 μg/ml were added into the first
wells. Then, 100 μl from their serial dilutions were transferred into six consecutive wells. The last well containing
195 μl of nutrient broth without the compound and 5 μl

of the inocula on each strip was used as a negative control. The final volume in each well was 200 μl. The plate
was covered with a sterile plate sealer. The contents of
each well were mixed on a plate shaker at 300 rpm for
20s and then incubated at appropriate temperatures for
24 h. Microbial growth was determined by plating 5 μl
samples from clear wells on nutrient agar medium. The
extract tested in this study was screened twice against
each organism. The MIC was defined as the lowest
concentration of the compounds to inhibit the growth
of microorganisms. MBC (minimum bactericidal concentration) is usually an extension from the MIC,
where the organisms quantitatively indicate the minimum concentration when no viable organism appears
in the culture [14].

Cell viability assay for Klebsiella pneumoniae

Each of the tubes containing bacterial suspension (approximately 106 cfu/mL) of Klebsiella pneumonia was
inoculated with 250 and 500 μg/ml of C. sempervirens
Eo and methanol extract in 10 mL nutrient broth, and
kept at 37°C. Samples for viable cell counts were taken
at 0, 10, 20, 30, 60 and 120 min time intervals. The viable plate counts were monitored as followed: 100 μl
sample of each treatment was diluted and spread on the
surface of MHB agar. The colonies were counted after
24 h of incubation at 37°C. The controls were inoculated
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without Eo for each bacterial strain with the same experimental condition as mentioned above [15,16].

changes was estimated using the student’s t-test. Only
the probability P ≤ 5% was regarded as indicative of statistical significance.

Antibiofilm tests
Biofilm assay

The biofilm producing ability of K. pneumoniae was
tested by staining the heat fixed cells with crystal violet.
The slides were observed under the microscope. The
biofilm was further assessed by using the crystal violet
(CV) assay done in microtitre plate [17]. The procedure
involved washing the plates after incubation, three times
with sterile distilled water to remove loosely associated
cells. The plates were air-dried and then oven-dried at
60°C for 45 min. Following drying, the wells were
stained with 100 μL of 1% crystal violet and incubated at
room temperature for 15 min after which the plates
were washed 5 times with sterile distilled water to remove unabsorbed stain.
Study of the effect of Eo and methanol extract on biofilm
formation by PVC microtiter

The effect of Eo and methanol extract on the formation
of biofilm by K. pneumoniae was qualitatively estimated
by a method described by Xiao et al. [18]. 40 μL of exponentially growing cells were dispensed in 96-well cell
culture plates. Eo and methanol extract were added to
the wells and incubated for 24 h at 37°C. The concentrations of extracts were ranged from 25 to 100 μg/mL.
The medium without extracts was used as the nontreated control. It was observed that only Eo showed significant antibiofilm activity. After incubation, media and
unattached cells were decanted and washed with Phosphate Buffer Saline (PBS). Then the plate was air dried
and stained with 0.1% (v/w) Crystal Violet (Sigma-Aldrich,
Germany).
Surface colonization and biofilm eradication on biomaterial

Fragments of intravenous infusion tube biomaterial
(three pieces) were incubated with bacterial suspension
in nutrient broth (NB) for 24 h at 37°C. The presence/
reduction of biofilm biomass was evaluated by comparing the color intensity of biofilm deposit on biomaterials
treated and untreated with Eo, methanol extract and ceftriaxone as reference antibiotic (500 μg/ml). The experiments were performed twice to confirm reproducibility
of the results. Then, they were placed in 1 ml of sterile
broth medium and the remaining bacterial deposit was
removed by Phosphate Buffer Saline (PBS) for 5 min.
Then the biomaterial was air dried and stained with
0.1% (w/v) Crystal Violet.
Statistical analysis

The variations between experiments were estimated by
standard deviations and the statistical significance of

Results and discussion
The natural products have been used as alternative medicines to conventional therapy and have gained interest
in the researchers. This may be due to the perception
that herbal products may be safe and have been used for
many years as traditional medicines. Currently, researchers are focused on the therapeutic and pharmacological effects of natural products of plant origin.
GC-MS analysis of essential oil and total flavonoids

The hydrodistillation of dried C. sempervirens gave browenish Eo (yield 2.6%, v/w). The identified compounds,
qualitative and quantitative analytical results by GC and
GC/MS are shown in Table 2. The GC–MS analysis of the
Eo led to the identification of 20 different components,
representing 98.1% of total oil constituents (Table 2). A
Table 2 Percentage chemical composition of the essential
oil of Mediterranean cypress Cupressus sempervirens L.
Peak no

Compounda

KIb

Areac (%)

1

Tricyclene

921

0.3

2

α-Thujene

922

1.4

3

α-Pinene

937

48.6

4

Camphene

948

0.5

5

Sabinene

974

2.0

6

β-Pinene

980

2.5

7

Myrcene

998

4.1

8

δ-3-carene

1012

22.1

9

p-Cymene

1021

0.2

10

Limonene

1024

4.6

11

γ -terpinene

1044

0.9

12

α-terpinolene

1064

4.5

13

Camphor

1104

0.1

14

Bronyl acetate

1289

0.2

15

Carvacrol

1304

0.1

16

β-Caryophyllene

1417

0.1

17

α-humulene

1559

0.3

18

Germacrene-D

1485

1.6

19

δ-cadinene

1527

0.5

20

α-cedrol

1610

3.5

Total

98.1

Oil yield (%) (v/w)

0.87

a

Components were identified on KI and GC–MS (gas chromatograph coupled
with mass spectrometry) and listed according to their elution on HP-5 MS
capillary column (30 m).
b
KI: Kovats indices on HP-5 MS capillary column in reference to C9-C28
n-alkanes [12].
c
The 20 constituents identified represent 98.1% of total area.
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total of 20 constituents representing 98.1% of the oil were
identified; α-pinene (48.6%), δ-3-carene (22.1%), limonene
(4.6%) and α-terpinolene (4.5%) were the main components
comprising 79.8% of the oil. A portion (1.9%) of total
composition was not identified. The Eo yield from the
whole plants of C. sempervirens prepared by hydrodistillation method was 0.87% (v/w). GC/MS analysis
revealed that the oil contain 20 components with αpinene 48.6% of the oil.
The essential oils were obtained by steam-distillation
from the leaves of C. sempervirens with yields (relative
to dry weight material) of 0.87% (v/w). Algerian C. sempervirens had a yield at least three times inferior than
the Cameroonian (1%) (v/w) [8]. The results are obtained by GC-MS analyses of the essential oils from C.
sempervirens 20 compounds (98.1%) were identified;
compared to Tunisian oil, they present 24 (92.95%) compounds identified [11]. The oils were predominantly
composed of monoterpene hydrocarbons, with α-pinene
as major constituent (48.6%). A similar result was obtained by Boukhris et al. [11] in their study of Tunisian
C. sempervirens. They find that the largest group of constituents in the essential oil is the monoterpenes with
α-pinene (37.14%). Similar result was found by Mazari
et al. [9], when α-pinene is the major component of
leaves essential oil, but it is presented in larger content
(60.5%) compared with our study (48.6%). While, αpinene is the second and the third major component, respectively, in the previous researches [11].
Flavonoids as one of the most diverse and widespread
group of natural compounds are probably the most important natural phenols. These compounds possess a
broad spectrum of chemical and biological activities including radical scavenging properties. Using the standard
plot of quercetin (y = 0.0148×, R2 = 0.975) , the flavonoid

contents of C. sempervirens leaves found ranging from
53 mg quercetin equivalent/g of dry sample.

Antimicrobial activity

The in vitro antimicrobial potential of C. sempervirens
Eo and methanol extract against a panel of microorganisms is shown in Table 1. Eo showed moderate in vitro
antimicrobial activity against all tested bacteria, including
Gram positive and Gram negative ones with diameter zones
of inhibition 4 to 12 mm, along with MIC and MBC values
ranging from 62.5 to 250 μg/ml. Whereas, the Eo showed
less antimicrobial activity.
In the comparison of microbial sensitivity to both Eo
and methanol extract, K. pneumoniae seem to be more
sensitive than other infectious pathogens such as Serratia marcescens, E. coli and Proteus vulgaris. The results
of antimicrobial activity are shown in Table 1. According
to the statistical analysis, the gram-negative K. pneumoniae
was the most sensitive strain, with MIC values ranging
from 62.5 μg/ml. No remarkable activity was observed
against the yeast that resulted the most resistant strain.
The antimicrobial activity of the C. sempervirens essential oils was more pronounced against Gram-positive
than Gram-negative bacteria. This is a general observation derived from studies with essential oils from many
other species [19,20]. Generally, the higher resistance
among Gram-negative bacteria could be ascribed to the
presence of their outer phospholipidic membrane, almost impermeable to lipophilic compounds [21]. The
absence of this barrier in Gram-positive bacteria allows
the direct contact of the essential oils hydrophobic constituents with the phospholipids bilayer of the cell membrane, where they bring about their effect, causing either
an increase of ion permeability and leakage of vital

Figure 1 Effect of essential oil and methanol extract from of Mediterranean cypress (C. sempervirens L.) as 0 (control, ♦), 250 μg/ml
methanol extract (■), 500 μg/ml methanol extract (▲), 250 μg/ml Eo (x) and 500 μg/ml Eo ( )on viability of K. pneumoniae. Control as
no treatment with the essential oil and methanol extract. Values are the average of three individual replicates (means ± S.D). Differences between
samples were determined by Student’s t-test and were considered to be significant when p ≤ 0.05 at least.
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Figure 2 Showed biofilm formation of K. pneumoniae in PVC microtiter plate wells arranged from low to high biofilm production. Wells
from left to right: (A) negative control (nutrient broth); (B) bacterial suspension supplemented by Eo 100 μg (C), 50 μg (D), 25 μg (E); methanol
extract 100 μg (F), 50 μg (G), 25 μg (H) and ceftriaxone as reference antibiotic 100 μg (I) of stained with 1% crystal violet solution after 24 h of
incubation at 37°C.

intracellular constituents, or impairment of the bacteria
enzyme [19]. The antimicrobial activity of the essential
oils of C. sempervirens could, in part, be associated with
theirs major constituents such as α- pinene and cedrol.
These components have been reported to display antimicrobial effects [22,23]. The essential oils containing
terpenes are also reported to possess antimicrobial activity [24], which are consistent with our present study.
The antimicrobial compounds from plant source have
increasing attention in recent years. Although there are
many reports available on the antimicrobial properties of
plants extracts, there are very few reports are available
on the antibiofilm activities of plant extracts. Hence, the
present study aimed to find the antibiofilm activities of
different plant extracts. The antimicrobial activity of C.
sempervirens Eo may be due the presence of phenolics,
alkaloids, flavonoids, terpenoids and polyacetylenes. The
antimicrobial activity of the plant extract is majorly
attributed to the presence of phenolic compounds. Further, the effect on the cell viabilities of K. pneumoniae
demonstrated that exposure of 250 and 500 μg/ml of C.

sempervirens Eo and methanol extract had a potential
antibacterial effect on the viabilities of K. pneumoniae
strains. The exposure time of Eo and methanol extract
for complete inhibition of cell viability of K. pneumoniae
were found to be as 250 μg/ml at 30 min and 500 μg/ml
at 120 min, respectively (Figure 1).
Antibiofilm activity

The effect of Eo and methanol extract on the attachment
of cells to polyvinyl chloride (PVC) was investigated. In
the present study, out of the Eo and methanol extract
used, Eo from C. sempervirens significantly shown
antibiofilm activity. Growth of K. pneumoniae strain in
PVC microtiter biofilm screening assay as described by
Djordjevic et al. [17]. Generally, the use of Eo and methanol
extract to inhibit K. pneumoniae attachment to PVC was
successful with most extracts showing reduced biofilm
biomass compared to the control biofilm (Figure 2).
However, none of the extracts was able to inhibit cell
attachment completely, including the positive control,
ceftriaxone. It was clearly indicated that there was tubes

Figure 3 Image of intravenous infusion tube colonized by Klebsiella pneumoniae biofilm: from left to right, (A) not colonized negative
control, (B) treated positive control, (C) treated with 500 μg/ml methanol extract of C. sempervirens, (D) treated with 500 μg/ml Eo of
C. sempervirens and (E) treated with 500 μg/ml ceftriaxone as reference antibiotic.
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incubated with C. sempervirens showed reduction in EPS
production at 100 μg C. sempervirens Eo and methanol
extract. There is no report on antibiofilm activity of C.
sempervirens. Among the medical biomaterials tested,
intravenous infusion tube was the surface most prone to
persistent colonization, since biofilms formed on it by K.
pneumoniae was more easily to eradicate by the tested
compounds. The obtained visual results showed visible
biofilm eradication from the surface of intravenous infusion tube at 500 μg (Figure 3). Our study leads to the
conclusion that Eo and methanol extract are able to efficiently reduce biofilms of K. pneumoniae on biomaterial
surfaces.
The success of plant extracts in inhibiting cell attachment as shown in this study is a promising tool for reducing microbial colonisation on surfaces and epithelial
mucosa which subsequently leads to infections. The ease
with which the Eo and methanol extract inhibited cell attachment is confirmation of previous reports where it was
found that inhibition of cell attachment to a substrate is
easier to achieve than inhibiting the growth of an already
established biofilm [25]. The success in inhibiting cell attachment can be explained in a number of ways. Firstly, cell
attachment is the initial stage in biofilm formation following surface conditioning which creates a favourable
environment for bacterial attachment [26]. During this
stage however, most cells are still in the fluid phase and
therefore still possess the same properties as planktonic
bacteria making them susceptible to antimicrobial agents.
In addition, surface conditioning is achieved by the adsorption of substances that include nutrients, organic and inorganic molecules, that are important for the growth of the
cells, which in turn promotes cell adhesion. It can therefore
be postulated that pretreatment of the surface with plant
extracts produced an unfavorable film that repel the cells
back into the fluid phase, thereby reducing surface adhesion. Some researchers have also demonstrated the success
of coating medical devices with biocides such as silver to
reduce microbial adhesion and the subsequent disease
pathogenesis [27,28]. In contrast, some substances have
been shown to play an important role in promoting microbial adhesion. These include albumin, gelatin, fibrinogen
and casein [29]. The enhancement of cell attachment observed for some extracts in this study may be due to the
presence of certain compounds within the extracts that
provided a conditioning film promoting microbial adhesion. Also this enhancement effect confirms reports that
some natural compounds promote the growth of microorganisms [30].
The enhanced attachment observed upon exposure to
some extracts can therefore be postulated to be a result
of the presence of compounds that favor the development of these biofilms. Further work involving analysis
of the constituent compounds that promote biofilm

growth need to be conducted to confirm this observation. It would be very interesting to investigate the type
of phenolic compounds responsible for the antibiofilm
activity of C. sempervirens Eo and this would be future
scope of our study.

Conclusion
As the industries tend to reduce the use of chemical preservatives in their products, EO of C. sempervirens with
potential active antimicrobial properties might be considered as a natural source for the maintenance or extension
of the shelf life of products. In addition, delectable taste of
the EO at the concentrations needed for antimicrobial
properties was a bonus to its antimicrobial effects. On the
other hand, these EOs might also be considered for developing products for controlling microbial infections. These
results indicate the possibility of exploitation of Eo and
methanol extract originated from C. sempervirens as effective inhibitors of biofilm in K. pneumoniae. This is the first
report on the antibiofilm activities of Eo and methanol extract originated from C. sempervirens in the literature. The
isolated compounds are expected to be useful for the study
of antibiofilm agents in the future. As these tests have all
been done in vitro, the next step may be further investigations in animal models to see if infection can be inhibited
by the EO.
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