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Abstract: Essential oils from the aerial parts of 15 samples of Algerian Rosmarinus officinalis L. were
analysed by gas chromatography (GC) and Gas chromatography/mass spectroscopy. Thirty eight components
have been characterized; among the monoterpene hydrocarbons o-pinene, camphene and limonene were
individuated as the main components; camphor, 1,8-cineole and borneol were the principal oxygenated
compounds, caryophyllene, o-bisabolol and partly humulene were the most represented sesquiterpenes. The
scavenging activity of the oils was determined by the DPPH model system. The SC,  (Scavenging Concentration)
values were in the range 120.4-326.1 uL/mL, representing a moderate antioxidant effectiveness. Essential oils
were evaluated for their antimicrobial activity against Escherichia coli and Staphylococcus aureus; as well as
against ten fungal strains belonging to Aspergillus, Alternaria, Candida, Fusarium, Penicillium and
Saccharomyces genera. The results showed a moderate antimicrobial activity. The Algerian rosemary essential
oils could be promising sources of biologically active compounds if they receive further studies on their
biological properties.

Keywords: Rosmarinus officinalis, essential oil, antimicrobial, antioxidant, GC/MS.

Introduction

Extracts of plants, spices and herbs play an im-
portant role in promoting human health by their
anticancer, antioxidant and anti-inflammatory
properties, as well as in the food sector for their
preservative action '. Most essential oils derived
from plants are known to possess insecticidal,
antifungal, acaricidal, antibacterial and cytotoxic
activities. Therefore, they are intensively screened
and applied in pharmacology, pharmaceutical

botany, medical and clinical microbiology, phyto-
pathology and food preservation 23,

Rosemary is a dense, aromatic, and evergreen
perennial small shrub which grows up to 2 m high.
It is native to the Mediterranean regions. As an
aromatic species, rosemary is widely used in the
Mediterranean cuisine as spice and as food fla-
voring. The parts used include leaves and essen-
tial oil *. As medicinal plant rosemary belongs to
the pool of herbs, whose efficacy is largely ac-
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knowledged, being, in fact, listed in the official
Pharmacopoeia of several countries. Several bio-
logical activities have been ascribed to rosemary:
as a memory improving tool 3, against neurode-
generative diseases 7 and hypertension &, as an-
tidepressant °, anticancer '°, anti-inflammatory
L2 - antimicrobial *'*'%15 antithrombotic'® and
antioxidant '7!%192021 Concerning this last prop-
erty, rosemary is the sole herb spice used as a
source of commercial antioxidant derivatives,
marketed as oil and/or water miscible formula-
tions in Europe and United States . From a chemi-
cal point of view, rosemary essential oil is nor-
mally classified in three chemotypes, namely,
cineoliferum (high content in 1,8-cineole),
camphoriferum (camphor > 20 %) and verbenoni-
ferum (verbenone > 15 %) *. Other chemotypes
have been recognized according to the relative
abundance of different compounds such as o-
pinene (Italy and Morocco), myrcene (Portugal,
Argentine, Brazil), comparable amounts of 1,8-
cineole and camphor (India) or 1,8-cineole and
o-pinene (Lebanon) '82425:26.27,

Rosmarinus officinalis is one of the oldest
known medicinal plants in Algeria; it is used for
its antispasmodic properties. The leaves are used

for flavouring foods as condiment **?°. This study
aimed to analyze and evaluate the antioxidant and
antimicrobial activities of the essential oil of R.
officinalis growing wild in Algeria.

Materials and methods
Plant material

Fifteen different populations of R. officinalis
L. were collected from several regions of Algeria
(table 1) and belonging to different bioclimatic
zones: humid (R31 and R06 samples); sub-humid
(R34 and R41 samples); and semi-arid (R28KA,
R280, R28HD, R28M, R28B R28B3, R17,
R17City, R17HS, R26 and R04 samples). The
samples (3 to 4 kg fresh weight each) were rep-
resentative of the species and their geographic
area of distribution. Voucher specimens were
deposited in the Herbarium of the Nature and life
Sciences Department, University Mohamed
Boudiaf of M’Sila - Algeria.

Isolation of the essential oil

Air dried aerial part of each plant (100 g) was
subjected to hydrodistillation until there was no
significant increase in the volume of collected oil
(3 h). The procedure was repeated at least 3

Table 1. Collection sites, collection period, GPS data
and essential oil yield of the 15 rosemary samples

No. Sample Origin(collection place) Collection Latitude/ E.O. yield
date Longitude (% v/w dry wt.)
1 RO4 Ain Mlila (Oum-El-Bouaghi) March 2011 36°02°N 6°42°E  1.92+0.13
2 RO06 Kherrata (Bejaia) April2011  36°27°N 5°19°E  1.40+0.26
3 R17 Djelfa April2011  34°41°’N3°11’E  1.62+0.18
4 RI7HS Had-Shary (North Djelfa) March 2011 35°17°N 3°23°’E  1.83+0.21
5 RI17City Dijelfa April2011  34°37°N 3°18’E  1.63+0.15
6 R26 Boughar (South West Méd¢éa) May 2011 35°55°N 2°40°E  1.38+0.16
7 R28B Djbel messaad (South M’sila) April2011  34°58°N4°12°E  1.93+0.19
8 R28KA Kaf-El-Assal (NorthWest M’sila) April2010 35°56°’N 4°25°E  1.50+0.10
9 R280 Ouenougha (West M’sila) March 2011 35°59°N 4°09°E  1.81+0.22
10 R28HD Hammam Dalda (North April2011  35°58°N4°23°E  1.21+0.19
West M’sila)
11 R28M Maadid (East M’sila) March 2011 35°49°N 4°47°E  1.12+0.07
12 R28B3  Djbel messaad (South M’sila) April 2012 35°02°N 4°06’E  1.63+0.13
13 R31 Ain Turk (Oran) March 2011 35°43°N 0°43°W  0.70£0.05
14 R34 Bibans (BorjBou Arrerid)) March 2011 36°10°N 4°23’E  1.62+0.11
15 R4l Souk Ahras March 2011 36°19°N 8°00°’E  1.82+0.08




Noui Hendel etal.,/ TEOP 22 (1) 2019 1 - 17 3

times. The oils, whose yield is listed in Table 1,
were dried over anhydrous sodium sulphate and
stored under N, in sealed vials until further use.

GC and GC/MS analyses

Gas chromatographic (GC) analyses were run
on a Hewlett-Packard gas-chromatograph model
5890, equipped with a flame ionization detector
(FID) and connected with an electronic integra-
tor. GC-FID analyses were carried out with the
following analytical conditions: ZB-5 capillary
column (30 mx 0.25 mm i.d. x 0.25 wm film thick-
ness); helium as carrier gas; injection in split mode
(1:50); injector and detector temperatures 250 and
280°C, respectively. The oven temperature was
programmed from 40°C to 300 at 2°C/min.

Gas chromatography-mass spectrometry (GC/
MS) was carried out on the same gas chromato-
graph connected to a Hewlett-Packard mass spec-
trometer model 5971A, ionization voltage 70 eV,
electron multiplier 1700 V, ion source tempera-
ture 180°C, mass spectra data were acquired in
the scan mode in m/z range 40-400. Gas chro-
matographic conditions were the same as above.

The identity of components was based on the
comparison of their GC retention index (retention
time normalised to the retention times of adjacently
eluting n-alkanes on the ZB-5 column) *°, with
those reported in literature. In addition, each
chemical identity were confirmed by computer
matching of spectral MS data with those from
Wiley 275 library and the comparison of the frag-
mentation patterns with those reported in litera-
ture. Moreover for the validation of the whole
method and the correct attribution of chemical
identities for dubious cases, whenever possible,
co-injections with authentic standards was done
(see Table 2).

Measurement of the scavenging activity
against the stable radical DPPHe

The free radical-scavenging capacity of extracts
was determined by the DPPH assay 3!, a method
based on the reduction of the stable radical 2,2-
diphenyl-1-picrylhydrazyl (DPPHe). The reagent
mixture consisted in 1.5 mL of 100 mM DPPHe
in methanol, to which 37.5 pL of solutions con-
taining various concentrations of the oils to be

tested, were added to negative control tubes.
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) was used as positive control.
After 20 min of incubation at room temperature,
the absorbance was recorded at 517 nm in a UV-
vis spectrophotometer. Each determination was
carried out in triplicate. The scavenging concen-
trations (SC,) values were obtained through ex-
trapolation from linear regression analysis and
denoted the concentration of sample required to
scavenge 50 % of DPPH radicals.

Antimicrobial activity

The antimicrobial activity of essential oils was
evaluated by disc diffusion method and minimum
inhibitory concentration (MIC).

Organisms and media

Test organisms used in this study were as fol-
lows: Staphylococcus aureus ATCC 6538P, Es-
cherichia coli ATCC 10536, Aspergillus niger
ATCC16404, A. westerdijkiae NRRL5175, A.
flavus (wild type), A. parasiticus (wild type),
Penicillium spp. (wild type), P. frequentans (wild
type), Fusarium oxysporum (wild type), Alter-
naria alternata (wild type), Candida albicans
ATCC 10231 and Saccharomyces cerevisiae
(wild type). The strains were maintained on
Tryptone Soya Agar (bacteria) and Sabouraud
Dextrose Agar (SDA) (mycetes). For the antimi-
crobial tests, cells were grown overnight in Muller
Hinton Broth (bacteria) and Sabouraud Dextrose
Broth (SDB) (yeasts) at 37 and 30°C, respec-
tively. The moulds were cultivated on SDA for 7
days at 30°C in order to harvest the mature
spores.

Disc diffusion test

Overnight broth cultures adjusted to yield ap-
proximately 1.0 x 10%¥ CFU/ml for bacteria and
1.0 x 10° CFU/mL for yeasts, were streaked with
a calibrate loop on plates containing appropriate
solid medium. For moulds, suspensions of mature
spores were obtained by gently washing the sur-
face of solid media with 0.85 % saline. The re-
sulting suspension was adjusted by spectropho-
tometer at 530 nm to obtain inocula of 10° spores/
ml as confirmed by colony counts in triplicate on
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SDA.

Filter paper discs (6 mm diameter) were placed
on the inoculated agar surfaces and impregnated
with 10 UL of essential oil. Vancomycin disc (30
ug), amoxicillin disc (10 pg), amphotericin B discs
(20 pg) and miconazole (10 pg) were used as
positive controls. The plates were observed after
24 h at 37°C for bacteria and after 48 and 96 h at
30°C for yeasts and moulds, respectively. All tests
were performed in duplicate and the antimicro-
bial activity was expressed as the inhibition diam-
eters (mm) produced by the essential oils.

Minimum inhibitory concentration (MIC)
The minimum inhibitory concentration (MIC) of
the essential oils was determined by a broth dilu-
tion micromethod in 96-well round-bottomed poly-
styrene microtiter plates according to the Clinical
Laboratory Standards Institute guidelines 3>, with
some modifications. A volume of 40 % (v/v) stock
solution of each essential oil in ethanol was di-
luted in appropriate medium in order to obtain
concentrations ranging from 2 to 0.2 % (v/v). The
final inoculum was 5x10° CFU/mL for bacteria
and 5x10° CFU or spores/mL for mycetes.
Growth controls consisting of medium and me-

dium with ethanol were included. The MIC was
defined as the lowest concentration of essential
oil that completely inhibited visible growth after
24 h at 37°C for bacteria and after 48 h and 3-7
days at 30°C for yeasts and moulds respectively.

Statistical analysis

Results are reported as mean+SD of three in-
dependent assays and statistically analyzed by
ANOVA test, followed by Tukey’s HSD, using
the statistical software ezANOVA (http://
www.sph.sc.edu/comd/rorden/ezanova/
home.html). Differences between groups were
considered significant for p <0.05.

Results and discussion
Chemical composition of the essential oils
The average essential oil yield of the collected
Algerian R. officinalis samples was 1.54 + 0.34
(% v/w dry wt.). Table 2a (samples 1-8) and table
2b (samples 9-15) lists the EO composition and
Figure 1 shows a typical GC/MS profile of an es-
sential oil. In total, 38 components have been fully
characterized and grouped in three classes: monot-
erpene hydrocarbons, oxygenated monoterpenes,
and sesquiterpenes, to make comparison of the
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Figure 1. GC-MS profile of a representative sample (R17 city)
of Algerian Rosmarinus officinalis essential oil.
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oils easier. Samples can be divided in three cat-
egories on the basis of the partition of compo-
nents: 1-12 showed a content of monoterpene
hydrocarbons ranging between 38.1 and 52.7 %,
and a comparable amount of oxygenated monot-
erpenes (40.9 - 51.7 %); sample 13 was charac-
terized by a similar value (49.4 % ca.) of hydro-
carbons, but a lower amount of oxygenated (22.6
% ca.); finally, samples 14 and 15 instead showed
a lower amount of hydrocarbons (average 25.1
%) and a higher content of oxygenated (68.2 %.).
Sesquiterpenes ranged between 1 and 7 % in four-
teen samples, with the exception of sample 13 in
which these compounds reached the amount of
15.2 %. All the oils are characterized by the pre-
dominance of some components: namely o-
pinene, camphene and limonene among the monot-
erpene hydrocarbons; camphor, 1,8-cineole and
borneol among the oxygenated monoterpenes;
caryophyllene, a-bisabolol and, in some cases,
humulene among the sesquiterpenes. In particu-
lar, samples 1-12 showed a comparable amount
of ai-pinene (14.9 - 21.0 %) and camphene (15.1
-22.4 %), and a lower amount of limonene (2.9 -
4.9 %), the oxygenated counterpart was charac-
terized by camphor (32.2 - 41.2 %), 1,8-cineole
(1.8 - 8.8 %) and borneol (1.4 - 4.3 %). Sample
13 showed 28.5 % of a-pinene, 7.7 % of cam-
phene and 3.2, 3.3 and 3.2 % of B-pinene, p-
cymene and limonene, respectively; among the
oxygenated monoterpenes: 3.1 % of camphor, 10.9
% of 1,8-cineole and 3.7 % of borneol. This sample
as previously mentioned presents a significant
amount of sesquiterpenes, 15.2 %, with
caryophyllene and humulene as main constituents
(Tab. 2). Samples 14 and 15 showed 13.5 and
14.1 % of o-pinene and 5.3 and 4.6 % of cam-
phene; a very high content of 1,8-cineole (47.6
and 43.2 %), 11.1 and 13.4 % of camphor and 3.7
and 6.5 % of borneol. Furthermore, in Table 2 the
compositional range of the main monoterpene
components of Spanish, Moroccan and Tunisian
type of rosemary oils, as reported in European
Pharmacopoiea 3, have been added for compari-
son. With respect to these oils the Algerian
samples analysed in this study show a wider com-
positional range for the same main components,
namely o-pinene, camphene, cineole and cam-

phor, as well as for many minor compounds. A
significant difference is due to the absence of
verbenone in the Algerian oils, in fact, this com-
pound is present Spanish, Moroccan and Tunisian
oils although at very low extent (Table 2).

Our findings are partially in agreement with that
by Meziane-Assami et al. 3 who studied the cor-
relation between the chemical composition and
the geographical origin of 16 Algerian rosemary
oils. Three rosemary oils were obtained from
plants growing in semi-arid and Saharan areas and
were characterized by camphor as the main com-
ponent and by remarkably high contents of cam-
phene; however, verbenone was not detected in
these oils. The other 15 rosemary oils, obtained
from plants growing in the sub-humid, humid and
per-humid zones had o-pinene as the principal
constituent and could be considered belonging to
a-pinene chemotype. In our study, all the 12 oils
obtained from plants growing in semi-arid zones
contained camphor as the main component. How-
ever, the 4 oils from humid or sub-humid show an
heterogeneous chemical profile, since the samples
R34 and R41 contain 1,8-cineole as the main com-
ponent together with lower amount of o-pinene
and camphor, and the sample R31 (the only one
having a-pinene as main component) contains re-
markably high contents of sesquiterpenes (in par-
ticular B-caryophillene), while the sample R06
shows a chemical composition similar to that of
oils from semi-arid areas. Further analyses of a
larger number of samples could be useful to in-
vestigate these compositional aspects, consider-
ing that an essential oil is a complex matrix influ-
enced by genetic, environmental as well as ex-
traction methods employed to obtain them 3°.

Antimicrobial activity

The results of disc diffusion test are listed in
Table 3a (i) and 3a (ii). The positive controls dem-
onstrated the following inhibition diameters: 17 mm
(vancomycin) against S. aureus, 19 mm
(amoxicillin) against E. coli, 12-18 mm (amphot-
ericin B) and 15-28 mm (miconazole) against
mycetes. Generally, the essential oils showed a
moderate effect on almost all tested microorgan-
isms with inhibition diameters ranging from 7 to
15 mm. Gram positive Staphylococcus aureus
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Table 3 a(i). Antimicrobial activity of Algerian rosemary essential oils
against bacteria (E. coli and S. aureus) and yeasts (C. albicans
and S. cerevisiae) as measured in the diffusion test ®

Oils E. coli S. aureus C. albicans S. cerevisiae
No. Samples Inhibition zone (mm)
1 RO4 11.3£0.57¢ 14.3+£0.57 = 11.6+1.15¢ 13.3+0.57°?
2 RO6 12.3£0.57%  14.6+0.57 bedfil 12.6+1.15 12.6+0.57°
3 R17 11.6+0.57%  12.3£0.57°¢ 14.6x1.15 % 11.6£1.15¢
4 R17HS 11.6+2.08 12.6£1.15¢ 11.0£0.00 <den - 11.3+1.52¢
5 R17 city 11.0+1.73 13.3£0.57¢ 14.3+0.57 2rp [1.6£1.15¢
6 R26 10.3£0.57 b« 11.3+1.52° 13.3+1.52 12.6+0.57F
7 R28B 10.6+0.57 ¢ 13.6+£2.08 12.6£1.52 12.0£1.73
8 R28KA 11.3+£1.15 13.6£1.15 12.6+£2.08 12.3+1.52
9 R28W 10.0+1.73 11.3+£1.521 ND ND
10 R28 HD 10.3+£2.08 12.3+£0.57! 14.0+£1.00' 12.0£1.73
11 R28M 11.0+1.73 13.3+£1.52 14.6+0.57 adnop 12.6+1.15
12 R28B3 9.0£0.00 ®*c¢° 11.6+0.57 ¢  12.3+0.57 14.3+0.57 bedef
13 R31 12.0+£2.00° 13.6£1.15 11.6£1.15° 10.6+£0.57 ®f
14 R34 11.3£1.52 13.3+£0.57° 11.6+£0.57 12.6£1.15
15 R41 11.6£1.524 12.3+1.52 12.3£0.57 ¢4 12.64+2.08
Vancomycin 17.0+1.0
Amoxicillin 19.3+0.57
Amphotericin B 18.04+2.00 18.0£1.00
Miconazole 28.0+1.00 28.6+1.15

 Data are reported as mean + SD of three experiments

Values in a column followed by the same letter are significantly different from each other (p<0.05; ANOVA

followed by Tukey HSD test)

values not followed by any letter are not significantly different from any other value in the same column

ND = Not Determined

was more susceptible respect to Gram negative
Escherichia coli. Among mycetes, the yeasts and
the Aspergillus species showed the highest and
the weakest sensitivity respectively. C. albicans
and S. cerevisiae were sensitive to all tested oils.
Interestingly preliminary observations showed a
significant reduction (> 50 %) of sporulation for
A. niger, A. parasiticus, Penicillium spp, P. fre-
guentans and F. oxysporum, but further confir-
mation is required.

Recently rosemary oil from plants growing wild
in Hammam Dalda was reported to possess a
strong clear inhibitory effect on the growth P.
digitatum when applied as fumigant and, at a re-
ally lower extent, when applied by contact bioas-
say *7; furthermore spore germination was strongly

affected by the oil applied by disk diffusion
method. In our study the sample R28HD from
plants growing in Hammam Dalaa showed only a
slight effect on growth and sporulation of some
filamentous fungi, and the contrast may be ex-
plained by the different ways of exposure used.
Interestingly, rosemary Algerian oils maintain a
good inhibiting power against toxigenic Aspergil-
lus and Fusarium spp. also if obtained from cul-
tivated plants *.

The results of MIC evaluation ranged from 0.25
% to >2 % with a more inhibition at the first 48-
72 hours for all microorganisms (Table 3b).

Celiktas et al. » reported that R. officinalis pre-
sented a moderate antibacterial activity depend-
ing on location and seasonal variations and they
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observed high MIC and MBC values in oils with
considerable contents of 1,8-cineole. Similarly, oil
of rosemary growing wild in Azzaba, whose main
constituent was 1,8-cineole, showed a moderate
to strong antimicrobial activity against several
bacterial strains including the Gram-negative E.
coli *.

Bactericidal effect of rosemary EO was ob-
served on Listeria monocytogenes %442 The
antimicrobial activity is due to the chemical com-
position of the EOs with important compounds as
o-pinene, bornyl acetate, camphor, 1,8-cineole +.
But the effect of these compounds tested in pure
form doesn’t always show antifungal activity
against fungal species *. The mode of action of
essential oils on mycetes has not been determined
and it has been shown that their antimicrobial ac-
tivity is dependent on their hydrophobicity and
partition in microbial membranes; the lipophilic
character of their hydrocarbon skeleton and the
hydrophilic character of their functional groups
are of the main importance. The activity rank of
essential oil components is as follows: phenols >
aldehydes > ketones > alcohols > ethers > hydro-
carbons . In general, essential oils cause struc-
tural and functional damages by disrupting mem-
brane permeability and osmotic balance of the
microbial cells. In this context, phenolic terpenes
play a primary role “*’, but also other monoter-
penes (hydrocarbons and oxygenated) can induce
significant effects *%4.

Radical scavenger power

The radical scavenger power of the Algerian
rosemary oils under study has been investigated
using the DPPH assay. All the samples tested
showed moderate antioxidant activity, being SC_
values in the range 120.4-326.1 uL/mL (Table 4),
on the basis of the comparison with the results of
similar studies on essential oils from Lamiaceae
aromatic plants and tested with the same DPPH
model system 3738393051 These finding are in
agreement with many papers reported in litera-
ture which evidence the antioxidant activity of the
chemicals (as chemical classes or pure com-
pounds) contained in rosemary oils. However, no
evident correlation exists between the antioxidant
efficacy of these oils and their total and relative
content of monoterpene hydrocarbons, oxygen-
ated monoterpenes and sesquiterpenes. This con-
firms previous evidences that the biological ef-
fects of essential oils is the result of a synergism
between all constituents, as the activity of the main
components is modulated by other minor com-
pounds endowed with any biological activity or
also possessing antagonistic effects *2.

Conclusions

Essential oils of aromatic plants and herbs are
natural products that are gaining interest as food
additives and widely accepted by consumers be-
cause of their relatively low toxicity, high volatil-
ity, transient nature and biodegradability. Herein

Table 4. Antioxidant activity measured by the DPPH test of the samples of
Algerian rosemary essential oils; trolox was used as positive control *

No. sample DPPH assay No. Sample DPPH assay
SC,, (UWL/mL) SC,, (UL/mL)

1 RO4 120.44+2.21¢ 9 R28W 223.24+11.20 befl
2 RO6 200.1£3.14 Y 10 R28HD  207.8+0.62"
3 R17 259.0+15.95¢ 11 R28 M 326.1£15.40™
4 R17HS 195.4+2.11° 12 R28B3 260.0+£14.91
5 R17city 136.5+7.30 % 13 R31 143.248.25 o
6 R26 219.942.12 ¢ 14 R34 163.2+1.89°
7 R28B 176.8£15.92 befe 15 R41 151.23£13.96 2
8 R28KA 313.1+11.85bm Trolox 185.21+7.23

* Data are expressed as mean scavenging concentrations (SC, ) and SD. of three independent experiments
Values followed by the same letter are not significantly different from each other (p > 0.05)
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we report the chemical characterization of 15
Algerian R. officinalis L. biotypes essential oils,
whose composition may be related to the geo-
graphic origin. Besides antioxidant properties, our
applied EO concentrations exhibit antimicrobial
effect on both tested bacteria and, more interest-
ingly, on food-contaminating fungi (Aspergillus,
Fusarium and Penicillium spp.). Our findings
could substantiate the use of these Algerian rose-
mary essential oils as alternatives to synthetic fun-
gicides, in particular to improve food safety by
preventing pre- and post-harvest infections and

lowering the load of spores also in the storage
atmosphere and on surfaces.
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