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Abstract

The purpose of this study was to determine the chemical composition and antibacterial potential of rosemary essential
oil and ethanol extract to improve its physicochemical and antibacterial properties. the essential oil yield of rosemary
leaves was 1.76 % and the predominant compounds were 1,8-cineole (57.55 %), camphor (8.82 %), a-pinene (8.83 %),
borneol (5.54 %) and camphene (2.36 %). Rosemary extract had an important amount of total phenolic content with
28.47 mg GAE/g DW. However, flavonoids and condensed tannins were weakly present in rosemary extract having 2.59
mg QE/g and 1.02 mg CE/g, respectively. Rosemary ethanol extract was mainly characterized by the predominance of
carnosic acid (58.71 mg /g) and rosmarinic acid (16.51 mg/g). The antibacterial activity of rosemary essential oil and
ethanol extract was determined against Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa,
Campylobacter jejuni, Salmonella enterica, Bacillus subtilis and Enterococcus faecalis.
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1. Introduction

Antibacterial resistance is a serious threat of growing concern to human, animal and environment health [1]. Bacterial
species cause various infections and are speculator pathogens with increasing antibiotic resistance. Finding of new
effective antimicrobial agents derived from natural resources has gained high priority among strategies for antibiotic
resistance [2].

Plants and their bioactive components are considered as rich sources of antibacterial properties, with different modes
of actions [3]. In particular, the antibacterial activity of plant essential oils and extracts has formed the basis of many
applications, including raw and processed food preservation, pharmaceuticals, alternative medicine and natural
therapies [4]. Currently, the attention in extracts and essential oils of rosemary has increased due to their richness in
bioactive components, as volatile (1,8-cineole, camphor and a-pinene) and phenolic (rosmarinic acid and carnosic acid)
components, having a strong antibacterial potential [5]. Rosemary (Rosmarinus officinalis L.) is a perennial medicinal
and aromatic shrub belonging to the Lamiaceae. Native to the Mediterranean region rosemary is now widely distributed
and has been cultivated around the world [6]. Its leaves have been used for thousands of years as a natural food
preservative, flavorings, pharmaceuticals, alternative medicine and natural therapies [7].

The aim of this study was to to investigate the chemical compositions of essential oil and ethanol extract from Tunisian
rosemary leaves and to evaluate the antibacterial properties against seven bacteria strains, namely Escherichia coli,
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Staphylococcus aureus, Pseudomonas aeruginosa, Campylobacter jejuni, Salmonella enterica, Bacillus subtilis and
Enterococcus faecalis.

2. Material and methods

2.1. Plant material

Wild rosemary (Rosmarinus officinalis L.) plants were collected during spring at Djbel Zaghouan region (Tunisian upper
semi-arid zone).

2.2. Rosemary essential oil extraction

Rosemary EO was extracted in triplicate from 100 g of dried rosemary leaves using the hydrodistillation by the
Clevenger apparatus (Sigma Aldrich) for 180 min [8].

2.3. Gas chromatography analysis (GC-FID)

Rosemary volatile compounds led from the enriched film with EO to the hexane solution was analyzed using the
Hewlett- Packard 6890 chromatograph equipped with an electronic pressure control injector, a flame ionization
detector, and an HP Innowax (polyethylene glycol capillary) column (30 m x 0.25 mm; 0.25 p m). Individual peaks
corresponding to the volatile components were identified by comparison of their retention indices (RI) relative to (C8-
C40) n-alkanes with those of the literature or with those of authentic compounds available in the authors' laboratory.

2.4. Rosemary extract preparation

Rosemary extract was obtained according to Yeddes et al. [9]. Fifteen grams of dried rosemary powder was placed in
the filter Whatman cellulose thimble (paper No. 1820- 047 grade) in a Soxhlet apparatus and extracted for 3 hr with
150 ml of absolute ethanol.

2.5. Total phenolic content

The total phenolic contents were assayed using the Folin-Ciocalteu reagent, following Singleton's method slightly
modified by Dewanto et al. [10]. The total extractable phenolic content of ethanolic extract was expressed as milligram
gallic acid equivalents per gram (mg GAE/g).

2.6. Total flavonoid content

The total flavonoid content was measured according to the procedure reported by Dewanto et al [10]. The total
flavonoid content of ethanolic extract was expressed as milligram catechin equivalents per gram (mg CE/g).

2.7. Condensed tannin content

In the presence of concentrated H2S04, condensed tannins transform into anthocyanidols due to their reaction with
vanillin [11]. Condensed tannin content of the ethanolic extract was expressed as milligram catechin equivalents per

gram (mg CE/g).

2.8. Analysis of rosemary extract by HPLC

The phenolic compounds of rosemary lead extracts were identified and quantified using HPLC system (Agilent1260,
Agilent technologies, Germany) provided with avacuum degasser, an auto sampler and a binary pumpwith a maximum
pressure of 400 bar. Peaks were identified by congruent retention times compared with standards. HPLC analysis
allowed determining the con-tents of carnosic acid and rosmarinic acid.

2.9. Antibacterial activity

The antibacterial activity of rosemary essential oil and ethanol extract was carried out by disc diffusion method
according to Gomez-Estaca etal. [12] with a slight modification. Antimicrobial activity was tested against seven bacterial
strains: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Campylobacter jejuni, Salmonella enterica,
Bacillus subtilis and Enterococcus faecalis. The surface of Mueller- Hinton Agar plates (Merck) was inoculated with 0.1
ml of culture bacterial suspension (105 CFU/ml). Afterwards, the sterile filter paper discs of 6 mm diameter were placed
on the plates surface and 10 p 1 of rosemary of rosemary essential oil and ethanol extract was added on the discs. In
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order to assess the antimicrobial activity of rosemary essential oil and ethanol extract, the 6 mm discs were cut and
subjected to decontamination under ultraviolet light for 25 min. Streptomycin was used as positive control (10 pl/disc).

2.10. Statistical analyses

All extractions and determinations were conducted in triplicates and results were expressed based on dry weight (DW).
Data are expressed as mean * standard deviation. The means were compared by the one-way and multivariate analysis
of variance followed by Duncan's multiple-range tests. The differences between individual means were deemed to be
significant at p < 0.05.

3. Results and discussion

3.1. Essential oil composition

As can be shown in Table 1, the essential oil yield of rosemary leaves was 1.76 %. This essential oil yield was higher
than that of Saudi Arabia (1.45 %) [13], Algeria (1.07 %) [14] and Spain (1.03 %) [15]. However, the highest essential
oil yield was detected in Iranian rosemary reaching up 2.60 % [16]. GC-MS analyses of rosemary essential oil
composition allowed the identification of 28 compounds representing 99.47 % of the total essential oils and including
oxygenated monoterpenes (78.38 %), monoterpene hydrocarbons (18.38 %), sesquiterpene hydrocarbons (2.50 %)
and oxygenated sesquiterpenes (0.20 %). The predominant compounds were 1,8-cineole (57.55 %), camphor (8.82 %),
a-pinene (8.83 %), borneol (5.54 %) and camphene (2.36 %). As mentioned in the study of LakuSi¢ et al. [17], rosemary
essential oil composition of indigenous and cultivated plants in the Mediterranean area revealed the existence of
monodominant and intermediate chemotypes. The most commonly recorded monodominant chemotypes are 1,8-
cineole [5,8,13,18-24] and camphor chemotypes [18-21,25], verbenone [22,23,26], a-pinene [27,28], linalool [23] and
p-cymene [29] chemotypes. Intermediate chemotypes 1,8-cineole/linalool [23], 1,8-cineole/camphor and 1,8-
cineole/camphor/borneol [18] were also recorded for only single samples.

Table 1 Essential oil composition of Rosmarinus officinalis L

Compound RI %
Tricyclene 922 0.06+0.01
a-Thujene 931 0.11+0.03
a Pinene 939 8.83%£1.45
Camphene 953 2.36+0.37
Sabinene 977 0.04+0.01
 Pinene 980 2.82+0.66
3 Myrcene 986 0.89+0.16
a Phellendrene 1010 | 0.19%0.03
6 3 Carene 1011 | 0.08+0.02
o Terpinene 1018 | 0.62+0.10
p-Cymene 1025 | 1.010.17
yTerpinene 1057 | 1.00£0.17
a Terpenolene 1088 | 0.34+0.06
1.8-Cineole 1034 | 57.55+3.84
Linalool 1068 | 0.77+0.18
trans Sabinene Hydrate | 1087 | 0.10+0.04
D-Fenchyl alcohol 1110 | 0.05+0.01
Camphor 1145 | 8.82+1.60
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Borneol 1167 | 5.54+1.40
4-Terpineol 1176 | 1.02+0.21
o Terpeneol 1189 | 3.68+0.37
Bornyl acetate 1301 | 0.82+0.08
Caryophyllene oxide 1580 | 0.20+0.01
a Copaene 1377 | 0.05%£0.01
trans-Caryophyllene 1415 | 1.99+0.33
o Humulene 1455 | 0.26+0.03
Aromandendrene 1482 | 0.06+0.008
6 Cadinene 1526 | 0.12+0.03
Chemical class

Monoterpene hydrocarbons 18.38+3.16
Oxygenated Monoterpene 78.38+£12.72
Oxygenated Sesquiterpene 0.20+0.04
Sesquiterpene hydrocarbons 2.50+0,53
Total identified 99.47+16.46
Essential oil yeild (%) 1.76+0.30

RI: retention indice

3.2. Phenol contents

Phenolic contents of rosemary leaf extract are summarized in Table 2. Rosemary extract had an important amount of
total phenolic content with 28.47 mg GAE/g DW. However, flavonoids and condensed tannins were weakly present in
rosemary extract having 2.59 mg QE/g and 1.02 mg CE/g, respectively. Similar total phenol content (28.47 mg GAE/g
DW) was obtained in comparison with results of Zaouali et al. (42) in the case of Tunisian rosemary (28.60 mg GAE/g
DW). Rosemary total phenol content was only 10.42 mg GAE /g DW in Algeria [30] and 10.83 mg GAE/g DW in Zimbabwe
[31]. Yeddes et al. [9] reported that the highest average amounts of Tunisian rosemary extracts were detected in
summer for total phenols (38.92 mg GAE/g DW), flavonoids (2.98 mg QE/g DW) and condensed tannins (1.41 mg CE/g
DW). In this work, HPLC quantification of the main phenolic compounds of rosemary extract allowed the detection of
carnosic acid (58.71 mg /g) and rosmarinic acid (16.51 mg/g). Yesil-Celiktas et al. [32] reported that Turkey rosemary
extract was also characterized by the predominance of carnosic acid (27.8-115.8 mg /g DW) and rosmarinic acid (14-
30.40 mg/g DW). Yeddes et al. [9] reported that the amount of carnosoc acid was high in summer (138.86 mg/g DW)
but it is in winter for rosmarinic acid (19.29 mg/g DW). These variations on phenolic, carnosic acid and rosmarinic acid
contents could be due to rosemary plant variety and/or the environmental stress.

Table 2 Phenolic contents of rosemary leaf extracts

Total phenols | Flavonoids | Condensed tannins | Carnosic acid | Rosmarinic acid

Content 28.47+1.03 2.59+0.11 1.02+0.09 58.71+0.25 16.51+1.13

TPC = mg of Gallic acid equivalents dry weigh (mg (GAE) /g DW); TFC = mg of Quercetin equivalents dry weigh (mg (QE)
/g DW); TCT = mg of Catechin equivalents dry weigh (mg (CE) /g DW); CAC= mg CA/ mg DW; RAC= mg RA/ mg DW;
Ethanol was the best solvent for the extraction of total phenols, flavonoids, condensed tannins and rosmarinic acid while ethyl acetate
was the best for carnosic acid.

3.3. Antibacterial activity of rosemary essential oil

The evaluation of the antibacterial activity showed that rosemary essential oil possessed a significant bactericidal
power. In fact, there was an inhibition of the growth of bacteria C. jejuni (ID = 16.75 mm), S. enterica (ID = 18.65 mm),
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P. aeruginosa (ID = 19.50 mm), E. aerogenes (ID = 21.33 mm), and E. coli (ID = 26.00 mm) (Figure 1). These diameters
were higher than those of the positive control (streptomycin). In contrast, the ID of B. subtilis (12.66 mm, S. aureus14.16
mm, and E. faecalis (10.16 mm) were lesser than streptomycin. According to Abd El Mageid et al. [33], rosemary
essential oil from Egypt exhibited lower antibacterial activity than that obtained in our study for E. coli (ID = 13.76 mm).
In addition, Bosnic¢ et al. [34] reported that Bosnian rosemary essential oil has significant antibacterial activity against
E. coli (ID = 13 mm) and P. aeruginosa (ID = 9 mm). Likewise, recent studies have shown that this antimicrobial activity
was mainly due to the presence of high contents of 1,8-cineole [35] and camphor [36]. The antibacterial properties of
essential oils from the leaves of R. officinallis is primarily determined by content of a-pinene [37].
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® Rosemary essential oil
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Figure 1 Antibacterial activity of rosemary essential oil The data marked with the different small letter share
significant differences at P< 0.05 (Duncan test).

3.4. Antibacterial activity of rosemary extract
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Figure 2 Antibacterial activity of rosemary ethanol extract The data marked with the different small letter share
significant differences at P< 0.05 (Duncan test)

The antibacterial activity of rosemary ethanolic extract through the measurement of the inhibition diameters of
bacterial growth showed that this extract exhibited significant antibacterial activity against C. jejuni (ID = 18.50 mm),
S. enterica (ID = 19.50 mm), B. subtilis (ID = 14.33 mm), S. aureus (ID = 16.00 mm), P. aeruginosa (ID = 17.33 mm), and
E. faecalis (ID = 16.50 mm) and E. coli (ID = 15.33 mm). Results showed that these ID of ethanolic extracts were higher
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than streptomycin (ID = 17.00 mm) with the exception of E. aerogenes (ID = 15.50 mm) (Figure 3). According to Nieto
et al. [38] and Bernardes et al. [39], the inhibitory effect of rosemary extract results from the action of rosmarinic acid,
carnosic acid and their derivatives such as carnosol, rosmanol and isorosmanol. These compounds interact with the cell
membrane of microorganisms by causing changes in genetic material and nutrients by modifying the transport of
electrons, also causing leakage of cellular components and changes in the production of fatty acids hence the
deterioration of the cell membrane. Likewise, Vegara et al. [40] reported that the efficacy of carnosic acid against
pathogenic bacteria is superior to that of other major extract components, including rosmarinic acid.

4. Conclusion

The observed antibacterial activity of rosemary ethanolic extract and essential oil against Escherichia coli
Staphylococcus aureus, Pseudomonas aeruginosa, Campylobacter jejuni, Salmonella enterica, Bacillus subtilis and
Enterococcus faecalis considered as valuable steps toward doing clinical trials to use this plant in treating human
infection.
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