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INTRODUCTION

ABSTRACT

Thanks to their promising properties, essential oils (EOs) have strong potential to
remedy several problems such as microorganisms acquired resistance to antimicrobial
agents and chemical antioxidants toxicity. Firstly, this work was conducted to
determine chemical composition, antioxydant activity, then antibacterial, antifungal,
antimycobacterial properties of Rosmarinus officinalis EO. Secondly, EOs combined
antimicrobial effect with carvacrol was assessed. Chemical EO analysis was performed
using Gas chromatography/mass spectrometer. 1,1-diphenyl-2-picrylhydrazyl test
was used to evaluate /n vitro antioxidant rosemary oil effect. The antimicrobial activity
against seven bacteria, two fungi, and two mycobacterial strains was screened using
the broth microdilution method. Thereafter, the checkerboard essay was used to
evaluate the antibacterial effect of this EO and Carvacrol. Chemical EO analysis revealed
1,8-cineole (33.88%), camphor (14.66%), and a-pinene (12.76%) as main constituents.
The obtained IC50 value (2.77 mg/mL) showed rosemary EQ’s radical scavenging
power. Moreover, all tested microorganisms showed an important sensitivity to this
EO (MIC values: 0.007%-1% (v/v)). Furthermore, results highlighted synergistic and
partial synergistic interaction for tested products. The studied EO has both antimicrobial
and antioxidant potentials. Combined application showed a remarkable synergistic
antibacterial potentiation that can be used as an alternative in pharmaceutical and food
processing sectors.
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their secondary metabolites which have many biological
activities.

Plants have been used for centuries as disease remedies

thanks to their valuable therapeutic components, notably
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particularly biologically active essential oils (EOs) of
aromatic and medicinal plants, as an alternative to control
food spoilage and harmful pathogens.” Furthermore, a
combination of different EOs constitutes a new alternative
to potentiate their antimicrobial and antioxidant effects for
discovering new drugs and reducing their organoleptic
impact in food.

Moroccan flora constituted by nearly 3913 plants
species,”! contains an unlimited number of plants having
therapeutic properties. Rosmarinus officinalis (Lamiaceae)
is a Mediterranean aromatic and medicinal plant, used
in cosmetics, folk medicine, and food flavor, thanks to its
numerous bioactives components. It also has many other
beneficial effects such as its anticancer,”® antimicrobial,
antioxidant,! anti-inflammatory,”! and insecticidal
activities.™

The present study investigates chemical composition
of Moroccan R. officinalis EO, its antioxidant activity, its
antimicrobial activity against microorganisms causing food
spoilage and pathogenicity and finally the antimicrobial
effect of binary combination with carvacrol against Bacillus
subtilis.

SUBJECTS AND METHODS

Plant materials

Rosemary aerial parts (leaves and stems) were harvested
in June 2015, at Er-Rich (32° 16’ 22" N, 4° 30" 26" W)
(Morocco).

Essential oil extraction

The harvested parts were hydrodistillated for 3 h in a
Clevenger-type apparatus. The obtained EO was kept, in
the dark, at 4°C until further use.

Chemical analysis

The EO composition was determined using a Hewlett-Packard
(HP 6890) gas chromatograph (GC) coupled to a Polaris
Q ion trap mass spectrometer (GC/MS), according to
Chraibi et al.’! Hence, the temperature was maintained
5 min at 50°C then increased to 200°C at 4°C/min. The
chromatography carrier gas was N, (1.8 mL/min). The
mode used was Split (at 72.1 mL/min flow, and 1/50 ratio).
The temperature was 250°C for both injector and detector,
and 48 min was the final hold time. A “HP Chem Station”
computer system was used to follow the evolution of these
analyses. 1 ul of diluted samples (1/20 in methanol) was
injected manually.

Antiradical activity assay

The R. officinalis EO’s antioxidant activity was evaluated
using the reduction test of 1,1-diphenyl- 2-picrylhydrazyl
(DPPH).”TRosemary EO dilutions were prepared in methanol.
Then 3 ml of DPPH dissolved in methanol (0.004% w/v) was
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mixed with 3 ml of each prepared dilution, to get 0.5, 1, 2
and 5 mg/mL final concentrations. After homogenizing,
mixtures were vortexed and kept in the dark for 30 min. The
optical density was measured at 517 nm, against Butylated
hydroxytoluene (BHT) as a positive control.

Each experiment was repeated three times. The antiradical
reactivity was determined as follows:

— Absorbance

Absorbance ample
=P %100

control

Absorbance

Antioxidant activity (%) =

control

Antimicrobial activity

Minimum inhibitory concentration (MIC) values were
established by the microdilution assay, in a 96-well
microplate.l’” The emulsifier used (0.15% (w/v)
bacteriological agar) was mixed with Mueller Hinton
Broth (MHB). EO and carvacrol were serially diluted in the
agar supplemented broth to reach concentrations from 4%
to 0.003% (v/v). Then, 50 uL of bacterial (10° CFU/mL) was
deposed. Finally, bacterial growth was revealed by turning
resazurin from purple to pink.

Likewise, MIC’s values for Candida albicans and Candida
tropicalis were determined according to the protocol
described by CLSL!" The EO dilution was prepared in
YPG broth containing 0.15% agar (w/v). Then, the fungal
inoculum (50 uL of 10° CFU/mL) was added to each well
of the microplate, which was incubated, for 48 h, at 30°C.

For mycobacterial strains, a similar protocol was followed
using Sauton 0.15% agar as culture medium and incubating
during 48 and 72 h, respectively, for Mycobacterium
smegmatis and Mycobacterium aurum. Experiments were
repeated three times.

Fractional inhibitory concentration

The combined antibacterial effect of R. officinalis EO
and carvacrol was evaluated using the checkerboard
method.["? The tested concentrations, ranged from 0.125%
t0 0.0039% and 0.125% to 0.0019% (v/v) for R. officinalis EO
and carvacrol, respectively, and were prepared in MHB
supplemented with 0.15% w/v agar. Along the microplate
x-axis, 50 UL of each concentration of the studied EO were
added to the corresponding well from the 1 to the 11" one.
Each carvacrol concentration (50 uL) was added into each
well following the y-axis. The 12" well was regarded as
growth control. Then, all the microplate wells received
bacterial inoculum at a final concentration of 10° CFU/mL.
Thereafter, microplate was sealed and incubated for 18-20h,
at 37°C. Then, a second incubation was conducted for
2 h, at 37°C, after adding 10 uL of resazurin to each well.
Experiments were conducted in triplicate.

The FIC index values were determined as follows:
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>'FICI = FIC (A) +FIC (B)

Where:

FIC(A) = MIC (A) in combination
( ) - MIC (A) alone

FIC (B) = MIC (B) in combination
( ) a MIC (B) alone

A: R. officinalis EO
B: Carvacrol

The X FICI values interpretation enabled to conclude a
synergistic interaction for FICI <0.5; a partial synergy
for 0.5<FIC<0.75; additive interaction for: 0.76<FIC<1.0;
indifferent (non-interactive) when 1.0<FIC<4.0; and
antagonistic interaction for FIC>4.0.

RESULTS

Chemical composition

Twenty-five constituents representing 98.14% of the total
composition of R. officinalis EO were identified. Major
compounds were 1,8-cineole, camphor, o-pinene [Table 1].

Antioxidant activity

The antiradical activity evaluation of rosemary EO showed a
scavenging effect (IC,,=2.77 mg/mL) and a linear correlation
between the EO concentration and the antioxidant
activity (R? = 0.99) [Figure 1]. However, BHT exhibited a
greater radical scavenging activity (IC,=6.83 ug/mL).

Antimicrobial activity
A strong antimicrobial power was found against all tested

Table 1: Chemical composition of Rosmarinus
officinalis essential oil

Kovats index Constituents Percentage
939 a-pinene 12.76
953 Camphene 2.47
976 B-pinene 7.17
990 Myrcene 4.54
1033 1.8- cineole 33.88
1143 Camphor 14.66
1162 B-trans-terpineol 3.46
1194 Myrtenol 1.23
1282 a-terpineol 2.28
1418 B-Caryophyllene 3.8
1493 Ledene 3.92
1581 Caryophyllene oxide 2.75
Minor components (>1%) 4.33
Total (%) 98.14
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Gram-positive bacteria, especially Saphyloccoccus aureus,
Micrococcus luteus, and Bacillus cereus (respective MIC
values of 0.007%, 0.015%, and 0.031% (v/v)). In addition,
0.062% (v/v) was sufficient to inhibit B. subtilis growth. The
tested EO was more efficient against Escherichia coli and
Salmonella enterica; while Pseudomonas aeruginosa was the
most resistant concerning Gram-negative bacteria [Table 2].

The fungal strains were also sensitive to R. officinalis EO,
with respective MIC values of 0.062% and 0.125% (v/v) for
C. tropicalis and C. albicans [Table 2]. R. officinalis EO has
also showed an important activity against mycobacterial
strains (MIC: 0.125% and 0.25% (v/v)) [Table 2].

Carvacrol was active on all tested strains, with MIC values
ranging from 0.015%, for S. aureus and M. luteus to 1% (v/v)
for P. aeruginosa.

The results of antibacterial combined effect against B. subtilis
are presented in Table 3.

The checkerboard assay generated four combinations. FIC
index calculated values were comprised between 0.36 and
0.527, giving two interaction types between the studied EO
and carvacrol.

Combinations of (1/2 MIC R. officinalis + 1/32 MIC carvacrol)
and (1/32 MIC R. officinalis + 1/2 MIC carvacrol) showed a
partial synergistic effect against B. subtilis with respective
FIC indexes of 0.527 and 0.526. Moreover, combinations
of (1/4 MIC R. officinalis + 1/8 MIC carvacrol) and (1/8 MIC
R. officinalis + 1/4 MIC carvacrol) exhibited an inhibitory
activity (FIC index = 0.36), indicating a synergistic
interaction [Table 3].

DISCUSSION

Rosemary EO composition was similar to those previously
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Figure 1: Antioxidant activity of Rosmarinus officinalis
essential oil
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Table 2: Minimum inhibitory concentrations of Rosmarinus officinalis essential oil against tested strains

Strains Concentrations %
4 2 | 0.5 0.25 0.125 0.062 0.031 0.015 0.007 0.003

Bacillus subtilis - - - - - - - + + + +
Bacillus cereus - — - - — - - — + + +
Micrococcus luteus - - - - - - - — _ + +
Escherichia coli - - - - - - + + + + +
Salmonella enterica - - - - - + + + + + +
Pseudomonas aeruginosa - - - + + + + + + + +
Candida albicans - - - - - - + + + + +
Candida tropicalis - - - - - - - + + + +
Mycobacterium aurum - - - - - - + + + + +
Mycobacterium smegmatis — — - - - + + + + + +

—: Not growth, +: Growth

Table 3: Fractional inhibitory concentration, fractional inhibitory concentration index, and outcome of
interactions between Rosmarinus officinalis essential oil and carvacrol against Bacillus subtilis

Components MIC % (v/v) FIC% (v/v) FICI Outcome
Alone In combination

EO 0. 0625 0.031 0.496 0.527 Partial synergy
Carvacrol 0.125 0.0039 0.0312

EO 0. 0625 0.015 0.24 0.36 Synergistic
Carvacrol 0.125 0.015 0.12

EO 0. 0625 0.007 0.112 0.36 Synergistic
Carvacrol 0.125 0.031 0.248

EO 0. 0625 0.0019 0.030 0.526 Partial synergy
Carvacrol 0.125 0.062 0.496

FIC: Fractional inhibitory concentration, MIC: Minimum inhibitory concentration, EO: Essential oil, FICI: Fractional inhibitory concentration index

found for EOs of rosemary from Korea, ™! Morocco,! and
Tunisia,® especially for the main compounds. While, it
differs from that found for Italian rosemary EO (Verbenone,
21.8%; camphor 14.6%).I"! Even if BHT showed a stronger
antioxidant effect (IC50 = 6.83 png/mL) compared to
rosemary EO (2.77 mg/mL), several studies have proved
BHT to be cytotoxic due to its potential carcinogenic
action.!") Moreover, a large variation in the antioxidant
activity of R. officinalis EO has been reported by several
authors;®71and explained by their hydroxylated derivatives
concentrations.!!®!

This activity could be attributed to EO’s molecular
structure, because antioxidant activity was reported
to be related to hydroxyl groups substitution in the
phenolic aromatic rings, contributing to their hydrogen
donating ability and to oxygenated monoterpenes and
mixture of mono and sesquiterpene hydrocarbons.[**I In
addition according to Bajalan,’® the antioxidant activity
is positively correlated with EOs major compounds
such as pB-pinene or 1,8-cineole. In contrast, the minor
compounds can interact directly to create a mixture of
biological activities.[*!

Several studies have previously reported the antimicrobial
activity of R. officinalis EO.[614
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These antimicrobial properties could be explained
by the EO’s chemical composition, very abundant in
monoterpenoids compounds possessing high antimicrobial
activity. According to Bakkali et al.,*! biological activities of
EOs are mostly linked to their major compounds. In fact, first
and second main compounds (1,8-cineole and camphor) are
known for their antimicrobial properties./?*#! o-pinene also
have a strong potential of antimicrobial activity,™ thanks
to oxygen function’s presence which increase antimicrobial
properties of terpenoids. In addition, a major compound
does not possess the antimicrobial effect alone, but minor
compounds can also act on microbes.

Thus, the synergistic interaction between different EO
constituents could be responsible for increasing their
antimicrobial power.!

Regarding FIC index, all combinations gave an interesting
antibacterial effect which is synergistic and higher
than the effect of the EO or the carvacrol alone toward
B. subtilis. This synergy is of major economic interest
because the antimicrobial effect has been potentiated
using a combination of the two products at extremely
low concentrations. In fact synergism among carvacrol
and hydrocarbons monoterpenes such as a-pinene,
myrcene, and camphene representing 19.75% of the total
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composition of R. officinalis EO was demonstrated by
Ultee research team.! In addition, these hydrocarbons
interact with the cell membrane facilitating carvacrol
penetration.*’

Finally, being the first main compound of R. officinalis EO
with 33.88%, 1,8 cineol was found to interact synergistically
with carvacrol toward multiplication and survival of
spoilage and pathogenic microorganisms.!
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