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Abstract

Volatile compounds oRosmarinus eriocalygamples were extracted by steam-hydrodistillattéB)(and
microwave-assisted hydrodistillation (MAH). GC-MSida GC-FID analysis of the oils revealed the
presence of 22 and 26 compounds in the essenBablsiained through HD and MAH, respectively. The
total yield of the volatile fractions obtained thgh HD and MAH was 1.21% and 1.47%, respectively.

The two oils contained the same dominant componeataphor (35.92% HD; 35.33% MAH), camphene
(19.74%; 17.07%)a-pinene (14.53%; 12.87%), and 1,8-cineol (6.52%3%). Higher amounts of
oxygenated monoterpenes such as borneol, 1,8-ciseblornyl acetatey-terpeneol, caryophyllene oxide
(13.59%) were present in the oil of MAH in compariswith HD (12.36%). However, HD oil contained
more monoterpene hydrocarbons such as tricycteipnene, camphene, o-cymene and limonene (39.04%)
than MAH extracted oil (34.45%).

Keywords: Rosmarinus eriocalyxEssential oil, Hydrodistillation, Microwave-assid hydrodistillation,
Oxygenated monoterpenes, Monoterpene hydrocarbons.

1. Introduction

There exist three rosemary species of the Lamisfesaiy that naturally grow in the Mediterraneagic:
Rosmarinus officinalis., R. eriocalyxJordan & Four andR. tomentosuklub.-Mor & Maire R. officinalis
is wildly growing and mainly cultivated in Meditamean countries, such as Morocco, Tunisia, Spain,
France and Italy [1-3].

While, R. eriocalyxgrows in a small region of Andalucia (Southern iBpand in the northwest
of Africa. This specigliffers fromR. officinalisin its smaller leaves, only 5-15 mm long and l&ss1t2 mm
broad, and densely hairy flower stems. It also getud be lower-growing, often under 25 cm tall and
prostrate, and never exceeding 1 m fall dfficinaliscan reach 1.5 m, exceptionally 2 m, tall).
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Rosemary essential oils have been used for thossaridyears for food preservation [4],
pharmaceuticals, alternative medicine and nattwlapies [5-7]. The plant is also known for its poful
antioxidant activity [8]. Recently, in our laboragpHammouti et al. [9] reported thRbsmarinus officinalis
oil can be used as a green inhibitor for the caorosf steel in 0.5 M E5Q,.

Essential oils are isolated using a number of mih@l0] such as steam distillation (SD),
hydrodistillation (HD), organic solvent extractiamjcrowave assisted hydrodistillation (MAH), micrave
hydrodiffusion and gravity (MHG) [11,12], high psese solvent extraction (HPSE), supercritical ,CO
extraction (SCE) [13], ultrasonic extraction (UEdsasolvent free microwave extraction (SFME) [14].

The essential oil volatile composition of tRe officinalishas been the subject of considerable research
in recent years [15]. Rosemary essential oil costanainly monoterpenes and monoterpene derivatives
(95-98%), the remainder (2-5%) being sesquiterpgh&sl7]. The principal volatile compounds in
rosemary are camphor and 1,8-cineole, followed dmydwol, verbenoney-pinene and camphene [18,19].
The chemical analysis ®&. officinalisoil harvested by Hammouti et al. [9] in October 3tbm Morocco
on Jerada locality shows 1,8-cineol (54.1%) asthg@r component followed by camphor (14%)pinene
(9.6%),0-terpineol (4.8%)B-pinene (3.4%) and borneol (2.9%).

In Greece [20], Myrcene was the major componensgiein the essential oils with concentrations
always exceeding 20 %, 1,8-Cineole (8.0-12.2&4)jinene (8.8-16.5 %) and camphor (4.4-14.1 %).

The main compounds of the Brazilian oils [21] wemepinene (40.55-45.10%), 1,8-cineole (17.40-
19.35%), camphene (4.73-6.06%), verbenone (2.3284).8 borneol (2.24-3.10%) and camphor (1.63-
2.42%). Compared with other rosemary oils, Braailiéls were more similar to those of French oridire
to their 1,8-cineole and camphor contents [22-Z#Ere was also similarity between Brazilian oilsl ails
of North American cultivars [25].

However,R. Eriocalyxwas rarely investigated by the researchers. Thengial oils of Rosmarinus
eriocalyx which were produced from the leaves rfpgipulations of plants collected in Algeria [26]der
different ecological conditions were rich on camp{82.3-37.0%), followed by camphene (17.0-20.08s),
pinene (15.2-18.2%) and 1,8-cineole (7.6-11.4%).

To the best of our knowledge, there is no previeg®rt on the chemical composition of the essential
oil of R. Eriocalyxcollected from Tafoughalt (Beni-Shassen Mountainghe north-eastern Morocco. In
this paper we report the chemical composition efdlts isolated by hydrodistillation (HD) and Mievave-
assisted hydrodistillation (MAH) from the leaves Rf Eriocalyx A comparative study of the chemical
composition of the essential oil extracted by thwe tmethods was investigated. Our results were then
compared with these previously published in thexditure.

2. Materialsand methods

2.1. Plant material
Fresh leaves of REriocalyx were collected from Tafoughalt (Beni-Srexs$lountains) in the north-eastern
Morocco on March 2008. Leaves were dried in th@eitected against direct sunlight.

2.2. Hydrodistillation (HD)

400 g of dried leaves were hydrodistilled with 990 of water for 220 min using a Clevenger apparatus
(until no more essential oil was recovered). Theepsal oil was collected and dried over anhydadium
sulphate yielding 1.21 %.

2.3.Microwave-assisted hydrodistillation (MAH)

400 g of dried leaves were hydrodistilled with 500 of water bymicrowave energy at 460 W ihe
multimode reactor fixed at 2450 MHz and equippedabZlevenger apparatu¥he extraction oil was
performed at atmospheric pressdoe 80 min. The essential oils were dried over yainbus sodium
sulphate yielding 1.47 % and stored in the daf#&tuntil analysis.

3. Analytical procedures
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3.1. Analytical gas chromatography (GC/FID)

GC analysis was carried out using Agilent 6890 gas chromatography equipped with enéldonisation
detector (FID) and a 30 m x 0.25 mm HP-5 (croskeihPhenyl-Methyl Siloxane) column with 0.2

film thickness (Agilent). Helium was used as cargas, the flow through the column was 1 ml fiand

the splitless mode was used. The column was iitedl 35°C, increased to 85°C at rate of 20°C/rhient
increased to 300°C at rate of 5°C/min and heldlf@min for a total run time of 55.5 min. The relati
proportions of the essential oil constituents wepgpressed as percentage obtained by peak area
normalization.

3.2. Gas chromatography/mass spectrometry (GC/MS)

The oils were analysed by gas chromatography-massremetry (GC-MS) using an Agilent 5973N mass
selective detector coupled with an Agilent 6890N garomatograph. The MS operating parameters veere a
follows: ionisation potential, 70 eV; ionisationroent, 2 A; ion source temperature, 200°C, resofyti
1000. Mass units were monitored from 30 to 450 rifze components of the oils were identified by
matching their mass spectra and retention indielegives to n-alkanes from C-5 to C-20 with thoé¢he
Wiley 275 library (Wiley, New York) in the computébrary and literature [27-30]. The chromatographi
conditions were identical to those used for GC ysisl

4. Results and discussion

4.1. Chemical composition of the essential oil

The chemical composition of the volatile fractianistained fromR. Eriocalyxduring the HD and MAH
extraction processes are represented togetherthathetention indices in Table 1. The GC-MS analgéi
the oil samples revealed the presence of a total @omponents.

The total yield of the volatile fractions obtaingdough HD and MAH was 1.21% and 1.47%, respedtivel
Twenty-two compounds were identified in the hydstitlied oil which accounted for 97.97% of the taddl
composition. This oil was dominated by monoterpdaauch as tricyclena-pinene, camphene, o-cymene
and limonene (39.04%). However, twenty-six compauwere identified from the microwave extracted oll
which accounted for 97.63% of the total oil comgosi This oil contained only (34.45%) of
monoterpenoids. The two oils recovered from HD &mAH extraction contained the same dominant
components: camphor (35.92%, 35.33%); camphen&4%9. 19.07%)pn-pinene (14.53%, 12.87%); 1,8-
cineol (6.52%, 6.73%) arfétpinene (4.60%, 4.63%), respectively.

The oil compositions revealed that higher amouhtxggenated monoterpenes such as borneol, 1,®lcine
isobornyl acetateg-terpeneol, caryophyllene oxide (13.59%) are preserthe essential oil isolated by
MAH in comparison with the oil extracted by HD (38%). This difference in the essential oil composit
of rosemary could be attributed to the hay abgmmpdf microwave by polar compounds in MAH more
than in HD extraction. This supports the hypothéisé the nature and composition of essential roiy
vary depending on the methods of extraction usd¢3[]. This constitutes the advantage of microwave
haiting. According to Presti et al. [10] the methotl essential oil extraction affects their chemical
compositions and biological activities. Recentlgme studies [14,15] showeatiat MAH oil was more
active against microorganisms than the oil obtathedugh HD. This may be partly due to the fact tha
microwave extracted oil and these clases of comgmbave been proved to possess strong antibacadal
antifungal activities [32-34].

The same chemotype described for FheEriocalyxAlgerian essential oil [26] was found for our essential
oil respectively: camphor (37.0, 35.92%), followsdcamphene (20.0, 19.74%i)pinene (18.2, 14.53%)
and 1,8-cineole (11.4, 6.52%).

Compared with théR. officinalisoil harvested by Hammouti and al [9] from the East®orocco, 1,8-
cineol (54.1%) was the major component followedchynphor (14%). we confirmed the presence of the
two speciesR. EriocalyxandR. officinalisin the Eastern Morocco.
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Table 1 Chemical composition dR. Eriocalyxessential oils obtained by hydrodistillation HD and
microwave extraction MAH.

No Compounds Kl HD % MAH %
1 tricyclene 919 0.86 0.73
2 a-pinene 930 14.53 12.87
3 camphene 946 19.74 17.07
4 B-pinene 974 4.60 4.63
5 0o-cymene 1019 1.55 1.54
6 limonene 1024 3.22 2.97
7 1,8-cineole 1028 6.52 6.73
8 trans sabinene hydrat 1095 0.47 0.36
9 alloocimene 1122 0.73 0.66
10 camphor 1147 35.92 35.33
11 pinacarvone 1154 0.41 -
12 1-borneol 1163 3.38 3.47
13 terpinene-4-ol 1173 1.20 1.13
14 p-cymen-8-ol 1178 - 0.12
15 a-terpineol 1185 0.75 0.77
16 myrtenol 1196 0.40 0.37
17 verbenone 1205 0.25 0.20
18 isobornyl acetate 1278 0.85 1.06
19 a-capaene 1370 - 0.29
20 B-caryophyllene 1417 0.99 3.25
21 a-humulene 1450 0.28 0.75
22 y-muurolene 1471 0.13 0.42
23 AR-curcumene 1502 - 0.23
24 a-muurolene 1506 0.21 0.22
25 B-bisabolene 1509 - 0.30
26 d-cadinene 1518 0.13 0.58
27 caryophyllene oxide 1578 0.86 1.56
Total identified 97.97 97.63
Monoterpene hydrocarbons 39.04 34.45
Oxygenated monoterpenes 12.36 13.59
Sesquiterpenes 0.13 0.58
Kl: Kovat's index.
O
camphor camphene o-pinene 1,8 cineole

Figure 1. Four major compounds &. Eriocalyx
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Conclusion

This study has revealed that the oil obtained fiRnEriocalyx by microwave-assisted hydrodistillation
extraction contained more oxygenated compounds tlharnentional hydrodistillation. However, the two
oils recovered from HD and MAH extraction contairteéd same dominant components. We reported the

presenc

e oR. Eriocalyx and R. officinalisin the Eastern Morocco. The two species presenitéeraht

chemotype.
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