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ABSTRACT

Essential oils (EO) extracted by hydrodistillation from four aromatic plants endemic to
the Djbabra region in Algeria (Eucalyptus globulus, Lavandula aspic, Pistacia lenticus and Myrtus
communis) were analysed by gas chromatography coupled with mass spectrometry (CG/ SM). The
obtained results showed that M. communis essential oil is the richest in terpinen-4-ol, L. aspic in
terpenyl, E. globulus essential oils in 3-carence, and P. lenticus essential oil in germacrene. In
addition, the main bioactive compounds present in the essential oil of myrtle rich in alpha-pinene
(57.58 %), limonene (7.38 %) and 1. 8 cineole (17.61 %). The essential oil of Pistacia lentiscus is
rich in a-pinene (18.72 %), limonene (5.90 %) and B-myrcene (36.92 %); eucalyptus essential oil
has significant concentrations of p-cymene (19 %), 3-phellandrene(11 %) and 1,8 cineole (8.0 %),
while the essential oil of lavender is rich in eucalyptol (57.0 %), terpinyl formate(4.0 %), and
terpinyl acetate (1.0 %) bioactive compounds, respectively. The obtained results from the in vitro
study revealed that most of the essential oils exhibited antimicrobial properties. Among the tested
essential oils, P. lenticus and Eucalyptus were discovered to demonstrate the strongest antifungal
activity. The recorded MIC of S. Typhi NCTC 6017 was 86.3ug/mL and 56.1 pg/mL of E. coli,
compared to E. globulus. Similarly, only S. aureus showed antibacterial activity towards
M. communis (68.4 pg/mL), L. aspic and E. globulus (86.3 pg/mL). Based on the obtained results,
it is possible to conclude that four plants endemic essential oil might be used as an ecological
antimicrobial in treating infectious diseases caused by the tested pathogens.

Keywords: Antibacterial activity, Chemical composition, Essential oils, Eucalyptus globulus,
Lavandula aspic, MIC, Myrtus communis, Pistacia lenticus.

INTRODUCTION

The spread of drug resistant microbial pathogens is one of the most serious threats to
successful treatment of infectious diseases (29). Indeed, antibiotic resistance leads to
treatment difficulties for previously minor infections and can sometimes lead to situations
of therapeutic impasse (absence of active antibiotics). Now, new natural antimicrobial plant
sources are being sought. Natural substances from plants have multiple benefits used in food
pharmacy, cosmetology and industry. Among these bioactive compounds we find essential
oils. Many aromatic and medicinal plants, herbs, and spices have been proposed as a
significant source of natural antimicrobials as an alternative to synthetic drugs to treat
bacterial infections (31). Myrtle (Myrtus.communis), eucalyptus (Eucalyptus globulus),
lavender (Lavandula aspic or latifolia), and pistachio (Pistacia lentiscus) are aromatic and
medicinal plants that belong to three different botanical families. With industrial
development, especially in the past twenty years, large efforts have been made to identify
and quantify these plants’ phenolic components (21,23). The essential oils of these plants
are rich in a-pinene, 1.8-cineole, a- myrcene, limonene and a-caryophyllene, p-cymene, and
-terpinene (4,6,13,24,40). Essential oils (EOs) are volatile, complex compounds
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characterized by a strong odor and are formed by aromatic plants as secondary metabolites.
They have been widely used for bactericidal, virucidal, fungicidal, anti-parasitical, anti-
septics, anticancer, antioxidant, antidiabetic, cardiovascular, and cosmetic and food
applications (3,13,14). Among the various plants with putative pharmacological properties,
Myrtus communis, Pistacia lentiscus, Eucalyptus globulus and Lavandula latifolia are
common in Algeria. Research on extracts of both Myrtaceae and Lamiaceae family plant
chemicals has investigated their composition and their other beneficial properties in in vitro
and in vivo experiments (34,39). As they are secondary plant metabolites, the concentration
is influenced by genetic and paragenetic factors, so the constant investigation and
determination of their concentrations in plants are of high importance (22). In recent
decades, E. coli and S. aureus have been accounted for the most significant number of
outbreaks, cases, and deaths worldwide (29). The use of natural antibacterial alternatives
appears to be an appealing strategy to regulate the incidence of pathogenic bacteria, hence
reducing health hazards and economic losses caused by the emergence of these pathogens
(32). This study examined the chemical composition of essential oils of pistachio trees,
myrtle, eucalyptus, and lavender as well as their antibacterial properties against pathogenic
bacteria including E. Coli, S. aureus, S. Tyhpi, B. subtilis and C. albicans in-vitro conditions.

MATERIALS AND METHODS
Plant material

P. lenticus, M. communis, E. globulus, and L. aspic were collected during February
2023 in Djbabra, 30 km Southeast from Algiers (Latitude: 36.5842. Longitude: 3.27054 36°
35'3"North, 3°16'14" East. The plant parts are deposited in the herbarium of the national
higher agronomic school El-Harrach (Algeria).

Essential oils (EOs)

Fractions of each dried plant material (200 g) were submitted to hydrodistillation
using an alembic/Clevenger-type apparatus for 3 h as previously described (5). Anhydrous
sodium sulfate was used to remove water after extraction. EOs was stored in airtight
containers in a refrigerator at 4 °C until GC and GC/MS analyses and biological tests. EOs
were diluted in hexane (1/30, v/ v) for GC/FID analysis.

Gas chromatography-flame ionization detector (GC/FID) analysis

Gas chromatography was performed on an Agilent gas chromatograph Model
Chrompack CP 9002, equipped with a DB5 MS column (30 m, 0.25 mm, 0.25 pum film
thickness). Hydrogen was used as carrier gas (flow 1.0 ml/min). Oven temperature program
was from 50 °C (3 min) to 280 °C at 2 °C/min, 1 min post run at 280 °C. Sample (1 mL)
was injected in split mode (1:50); injector and detector temperatures were 250 and 280 °C,
respectively.
Gas chromatography-mass spectrometry (GC/MS) analysis

EOs were analysed on an Agilent gas chromatograph Model Trace GC Ultra DSQII
equipped with a HP5-MS column (30 m 0.25 mm ID 0.25 mm film thickness), programming
from 50 °C (5 min) to 280 °C at 3 °C/min, 1min hold. Helium was used as carrier gas
(average flow 1.0 ml/min). Oven temperature program was from 50 °C (1.0 min) to 280 °C
at 3 °C/ min, 1 min post run at 280 °C. Sample (1 mL) was injected in split mode (1:150);
injector and detector temperature were at 250 °C and 280 °C respectively. The MS working
in electron impact mode at 70 eV; electron multiplier, 1500 V; ion source temperature,
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200 °C; mass spectra data were acquired in the scan mode in m/z range 35-450. Identification
is made by comparison of mass spectra with NIST and WILEY databases.

Identification of components

Oil constituents were identified by comparison of their retention indices with those of
the literature, determined in relation to a homologous series of n-alkanes (C8-C32) under
the same operating conditions. Further identification was made by comparison of their mass
spectra with those stored in NIST library (37) or with mass spectra from literature (1).
Component relative percentages were calculated based on GC peak areas. The major
identified compounds are given in Table 1.

Antimicrobial activity

The antimicrobial activities of the essential oil were evaluated out in vitro against
Gram-positive bacteria: Staphylococcus aureus ATCC 8739, Bacillus subtilis ATCC 6633,
Gram-negative bacteria: Escherichia coli ATCC 8739, Salmonella typhi NCTC 6017 and
two yeasts: Candida. Albicans ATCC 16404, C. krusei, microbial inoculums were prepared
from overnight broth culture in physiological saline (0.8 % of NaCl) to obtain an optical
density ranging from 0.08 to 0.1 at 625 nm. Muller Hinton agar (MHA) was placed in Petri
dishes, solidified, and inoculated with the test bacteria. Sterile discs (6 mm) filled with 10
pl of undiluted and diluted essential oil (1/1, 1/2, 1/3 v/v of DMSO) were placed on
inoculated agar. DMSO was used as a negative control, and the antibiotic Colistine (30 ug),
was used as the positive control. The bacterial growth inhibition was determined as the
diameter of the inhibition zones around the discs. All the tests were performed in triplicate.
The Petri dishes were incubated at 37 °C for 18 to 24 h aerobically. After incubation,
inhibition zone diameters were measured (12). The sensitivity to the essential oil was
classified according to the diameter of the inhibition halos as follows: not sensitive (-) for
diameters less than 8 mm; sensitive (+) for diameters ranging from 9 to 14 mm; very
sensitive (++) for diameters ranging from 15-19 mm and extremely sensitive (+++) for
diameters larger than 20 mm (30). The MIC value is the lowest concentration of the natural
product that visually inhibits microbial growth. From the tubes without visible growth,
10 uL of solution are removed and spread on Mueller-Hinton agar and incubated for a further
24 h/37 °C to determine the minimum bactericidal concentration (CMB). The absence of
colony-forming units (or a growth of less than 0.1 % of the initial inoculum) indicates that
the essential oils are bactericidal.

Statistical analysis

The study of variance was used to determine the significant differences between the
different treatments (36). Differences between means were tested at through LSD. p-values
less than 0.05 are considered significantly different.

RESULTS AND DISCUSSION

Composition analysis of the various essential oils by hydrodistilation, followed by
GC/MS and GC/FID analyzes allowed determining the composition of EOs of the four
plants. Chromatograms with the identified peaks are shown in Tablel. Percentage
composition of the oil components (Table 1) revealed a determined number of constituents
for the four EOs representing, 93.12, 92.56, 92.0 and 90.0 respectively for Pistacia lenticus,
Myrtus communis, Eucalyptus globulus and Lavandula aspic.
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Table 1. Chemical composition (in %) of essential oils of the four aromatic plants tested
S | Compounds RT Area (%)
N. (mn) [L. pistacia [M. communis|E. globulus| L. aspic
1 3-Carene 5.721 - - 5 3
2 Cyclohexene, 4-methylene-1-(1- 6.373 - - 1 2
methylethyl)-
3 Bicyclo[3.1.0]hex-2-ene,4- 6.447 - - 1 5
methyl1(1methylethyl
4 | Cyclohexane, 1-methylene-4-(1- 6.455 - - 5 -
methylethenyl)
5 1,3-Cyclohexadiene, 1-methyl-4- 7.108 — — 1 —
(1-methylethyl)-
6 p-Cymene 7.326 0.35 1.55 19 -
7 Benzene, 1,2,4,5-tetramethy|- 7.354 — — — 1
8 [2,5-13C2]-1,3-Cyclopentadiene 7.395 - - 1 -
9 a-Phellandrene 7.417 1.75 14 -
10 | 5-Methylenespiro [3.5] nonane 7471 - - 6 6
11 | Eucalyptol 7.506. - - 8 57
12 | gamma-Terpinene 7.823 2.35 0.54 2 1
13 | Benzene, 4-ethenyl-1,2-dimethyl- | 8.334 — — 1 1
14 | (6,6-Dimethylbicyclo[3.1.1]hept- | 9.219 - - - 1
2-en-2-yl)methyl ethyl carbonate
15 | Camphor 9.323 - - - 4
16 | Isobornyl formate 9.656 - - - 4
17 | 4-Terpinenyl acetate 9.831 - - - 1
18 | Isobornyl thiocyanoacetate 9.860 5
19 | 2-Cyclohexen-1-one, 4-(1- 10.03 - - 5
methylethyl)
20 | Terpinyl formate 10.04 2
21 | alpha-Thujenal 10.16 0.51 0.28 - 1
22 | 2-Cyclohexen-1-one, 3-methyl-6- | 11.07 - - 3 -
(1-methylethyl)-
23 | 4-lsopropylcyclohexa-1,3- 11.55 - - 3 -
dienecarbaldehyde
24 | alpha-pinene 12.43 18.72 57.58 - -
25 | Camphene 13.06 2.22 0.20 — —
26 | Azulene, 1,2,3,3a-octahydro-1,4- 13.91 - - 1 -
dimethyl-7 [(1.alpha.,3a. beta.,
4.alpha.,7.beta.)]
27 | Antibiotic NFAT 133 14.59 - - 2 -
28 | Sabinene 14.71 3.50 - - -
29 | beta-pinene 14.85 6.17 0.65 - -
30 | (1R,5S)-1,8-Dimethyl-4-(propan- | 14.90 - - - 1
2ylidene)
31 | Aromadendrene, dehydro- 15.90 — — 7
32 | beta.Myrcene 16.09 36.92 0.23 — 1
33 | (3bR,4S,7aS)-7,7,8,8 16.22 - - 1 -
Tetramethyloctahydro-2,3
bmethanocyclopenta[1,]cycloprop
a[1,2]benzen-4-ol
34 | Limonene 18.13 5.90 7.38 - -
35 | 1.8 Cineole 18.47 - 17.67 - -
36 | beta-.Phellandrene 19.58 0.18 - - -
37 | Terpinolene 22.14 0.83 0.42 - -
38 | Linalol 23.43 0.16 0.86 - -
39 | Terpinéne-4.ol 28.74 1.86 0.38 - -
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40 | alpha-Terpeneol 29.55 0.35 1.07 - -
41 | Acétate de Borenyl 33.38 0.52 — - -
42 | Mertenol 36.37 0.66 0.28 - -
43 | Citral 36.94 0.38 - - -
44 | Eugenol 42.40 0.18 - - -
45 | Acetate de Myrtenyle 42.91 - 1.67 - -
46 | Acetate de Geranyle 44.21 - 1.30 - -
47 | Béta Caryophyllenne 45.35 3.47 - - -
48 | Germacrene 49.18 5.64 - - -
Total of identified compound (%) | 93.12 92.56 92,0 90,0 93.12

A total of 22 compounds were identified in the EO of P.lenticus. The major
compounds were identified: 3-myrcene (36.92 %), a-pinene (18.72 %), B-pinene (6.417 %),
limonene (5.90 %), Germacrene-D (5.64 %). The minor compounds were Limonene
(3.69 %), Sabinene (3.50 %), B-Caryophyllene (3.47 %), and y-Terpinene (2.35 %). These
results were comparable to those reported by P Magiatis et al. (27)

In the EO of M. communis, 20 compounds were identified, among which a-pinene
(57.58 %), 1.8-cineole (17.61 %) and limonene (7.38 %) were the most dominant. The minor
components were Myrtenyl acétat (1.67 %), p-Cymene (1.55 %), Geranyl acetat (1.30 %),
a-Terpeneol (1.07 %), and - Caryophyllene (1.03 %). A similar composition has been
reported by Y Mohamadi et al. (28) but differs from the chemotype isolated by Bettaieb
et al. (6).

EO of E. globulus pointed out 21 compounds, major compounds appear such a sp-
cymene(19 %), a-Phellandrene (14 %), Eucalyptol (8 %), Other notable compounds
identified in the essential oil were 3-Carene (6 %), Cyclohexane,1-methylene-4-(1-
methylethenyl) (5.0 %), y-terpinéne (2,0 %), benzen-4-ol (1.0 %) and Azulene (1.0 %).
Although it is different from the chemotype obtained by Harkat-Madouri et al. (19) and
Boukhatem et al. (9), a similar composition has been described by Benabdesslem et al., (7).

Sixteen compounds were identified in the EO of Lavandula aspic. Eucalyptol
(57.0 %) was the most dominant followed by 5-Methylenespiro (27.28) nonane (6.0 %),
Camphor (4.0 %) and bicyclo [3.1.0] hex-2-ene, 4-methyl-1(1methylethyl) and B.-Myrcene
(1.0 %) were the minor components of this EO. These results were comparable to those
reported by (10) described eucalyptol as the main constituents.

Antibacterial activity of the essential oils

This antibiotic resistance has led to a search for new antimicrobial substances of
natural origin. Essential oils are known to be rich in bioactive compounds with numerous
curative properties (15). All investigated essential oils in our research with their main
components exhibit a broad spectrum of antimicrobial activity, which can be principally
attributed to a-pinene and 1.8-cineole (myrtus), B-myrcene (pistachio), p-cymene and
R-phellandrene (eucalyptus) and eucalyptol (lavender), as active substances. For that
purpose we evaluated the antimicrobial activity of EOs we isolated. Among the four plants,
compared to pathogenic bacteria (Table 2). The assessment of the antimicrobial activity in
essential oils used in our study was determined by the disc diffusion method compared to
E. coli, S. aureus, S. Typhi, B. subtilis, C. albicans and C. krusei.
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Table 2. Zone of inhibition of essential oils used in the study (mm).

Bacteria Colistine | Eucalyptus| Lavender | Myrtle Pistachio
E. coli ATCC 8739 15+0.1 1540.1 20+0.1 <10 7+0.2
S. Typhi NCTC 6017 11+0.1 14+0.1 20+0.1 10+0.2 NO
S. aureus ATCC 8739 8+0.0 13£0.1 2040.1 3540.1 12+0.01
B.subtilis ATCC 6633 10+0.1 12+0.2 25+0.1 14+0.2 12+0.01
C. albicans ATCC 16404 0 25+0.1 18+0.1 14+0.1 35+0.1
C. krusei 0 22+0.1 15+0.1 12+0.0 30+0.1

The essential oil from P. lenticus had the weakest antibacterial activity against all
bacteria tested with an inhibitory diameter ranging from 7 to 12 mm. The essential oil from
the M. communis and L. aspic was very effective against S. aureus, B. subtilis, with an
inhibitory diameter respectively of 35 mm, and 25 mm. strain has low sensitivity to the
essential oils of P. lenticus, it was ineffective against S. typhi and E. coli. The best activities
of essential oils against E. coli and S. typhi are those of E. globulus and Lavender essential
oils. The highest antifungal activity was observed with the P. lenticus and E. globulus
essential oils with an inhibitory diameter ranging from 25 to 35 mm.

The minimum MIC inhibitory concentrations vary from 0.0563 to 0.0964 mg/ml and
the minimum bactericidal and fungicidal (CMB and CMF) concentrations vary from 0.0563
to 0.0964 mg/ml. So in general, the essential oils of M communis, E. globulus and L. aspic
exhibits remarkable activities with respect to all the strains studied. According to the CMB
/ MIC and MCF/MCI ratio, the essential oil Lavender, Myrtus and Eucalyptus have
bactericidal effects against all the strains tested. P. lenticus oil showed moderate to high
antifungal activity against the yeasts Candida albicans and Candida. krusei, but weak to
none activity against the Gram-negative bacteria S. typhi and E. coli (Table 3). Bosni'c
et al. (8) investigated the antimicrobial activity of sage, rosemary, eucalyptus, melissa,
lavender, and thyme essential oils against Gram-positive and Gram-negative bacteria. Based
on their findings, it was concluded that the most active essential oils were eucalyptus and
rosemary, with the MICs ranging from 0.0561 to 0.0965 mg/ml. The results of
Hanamanthagouda, MS. et al., (18) confirmed that lavender essential oil was inhibitory
against various bacterial and fungal strains, respectively. In general, it has also been
established in numerous studies that the activity of an essential oil is related to the majority
compounds and the possible synergistic effects between the constituents.

Table 3. Minimum inhibitory concentrations (MIC) of essential oils (ug/ml)

Bacteria Eucalyptus Lavender Myrtle Pistachio
MIC | MBC MIC | MBC | MIC | MBC | MIC | MBC

E.coli ATCC 8739 56.1 68.4 56.1 86.3 86.3 | 96.5 - -

S.typhi NCTC 6017 86.3 96.5 86.3 965 | 86.3 | 96.5 - -
S.aureus ATCC 8739 86.3 96.5 86.3 965 | 86.3 | 96,5 | 86.3 | 96.5
B.subtilis ATCC 6633 68.4 86.3 86.3 96.5 68.4 | 86.3 | 86.3 | 96.5
C.albicans ATCC 16404 56.1 68.4 56.1 68.4 86.3 | 96,5 | 86.3 | 96.5
C. krusei 86.3 96.5 86.3 96.5 - - 86.3 | 96.5

Antibacterial tests showed that Staphylococcus aureus was the most sensitive
bacterium to essential oils of M. communis. This activity could be attributed to the presence
of high concentrations of a-pinene, limonene and 1.8-cineole, three monoterpenes
considered as potential antibacterial and antifungal agents. Many authors have noted an
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antibacterial activity of the M. communis oils against S. aureus (2,16,17, 20,35,41,42). Lis-
Balchhin showed that EOs containing large quantities of 1.8-cineole are the best
antibacterial agents. The strong antimicrobial activity of eucalyptus and lavender EOs could
also be associated with its high content of eucalyptol, p-cymene. Our results show that C.
albicans is highly sensitive to essential oils of P. lentiscus; this strong antifungal activity
EO of pistachio could also be associated with its high content of R-myrcene. Eos is
considered complex mixtures of numerous chemical molecules. The phenolic components
present in EOs have been recognized by several authors for their antimicrobial activity (38).
According to studies concerning the mechanisms of antimicrobial action of these molecules,
it seems that following a disintegration of the bacterial cell membrane caused by these
substances, the escape of intracellular metabolites causes the death of the cell (11, 33).
Longaray-Delamare et al. (25) attributed the strong antibacterial activity of EOs to the
presence of $-caryophyllene, a pistachio compound used in this study. However, additional
research will be needed to evaluate the effectiveness of a combination of these Eos.

CONCLUSIONS

Based on the obtained results, it can be concluded that myrtle essential oil is richest
in a-pinene, lavender essential oil in 1.8-cineole, eucalyptus essential oil in p-cymene and
pistachio essential oil in R-myrcene. Our study showed myrtle essential oil’s antibacterial
activity towards S. aureus, while essential oil pistachio exhibited their antifungal activity
towards C. albicans and C. krusei. The other essential oils exhibited their antimicrobial
activity towards E. coli, S. Typhi, and B. subtilis, with the MICs ranging from 0.0561 to
0.0863 mg/ml. Although results showed some potential in the in vitro activity of investigated
essential oils for pathogenic bacteria, further research in vivo conditions is necessary to
evaluate the antimicrobial activity of investigated essential oils.
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