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ABSTRACT

The essential oil was obtained by hydrodistillation of the aerial parts of Pelargonium capitatum

L. collected from Blida (Northern of Algeria) and was analyzed by GC-FID and GC-MS. 14

components were characterized, representing 97.2% of the total components detected. The major

componds of the essential oil were citronellol (76.6%), geraniol (7.2%) and a-terpineol (4.9%). The

essential oil was evaluated for its antimicrobial activity; the agar diffusion disc method was used. It

was proved to be very active against Saccharomyces cerevisiae (32.7 ± 0.02 mm), Candida  albicans

(25.1 ± 0.03 mm) and Pseudomonas aeruginosa (24.2 ± 0.01 mm). Furthermore, transverse sections

on the leaf and stem of the plant have been carried out, in order to locate the sites of oil secretion.
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Introduction

In continuation of our work on the chemical constituents of the Algerian species (Djeddi et al.,

2007a, 2007b), we investigated the chemical composition of the essential oil of P. capitatum  L. trivial

names “Lâatrcha, Hchichet lâatar or Aihounel-atir” collected from Algeria; and then we evaluated its

potential antimicrobial activity using the agar diffusion disc method (NCCLS, 1997).

Microscopic observations were carried out in order to correlate kinetic behaviour with the

localisation of the essential oil in the vegetable.

The vegetable matter was harvested at the flowering stage in April 2005 in Blida (North Algeria).

Materials and Methods

Plant material

Fresh aerial parts (leaf, stem and flower) of P. capitatum  were  collected from Blida 50 km far

from Algiers (North of Algeria) during the flowering period at an altitude 260 m  36° 25' 33 39''

North and 02° 52' 36 77'' East, in April 2005 and authenticated by Mr. Beloued Abd El Kader

(Agronomic National Institute, Algiers). A voucher specimen has been deposited in the Herbarium of

the Department of Biology, Vegetable Biology and Environment Laboratory, University of Annaba, under

the code Ann-BV 2006/0015.
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Essential oil extraction

Fresh aerial parts of P. capitatum  were hydrodistillated for 3h. The essential oil was dried over

anhydrous sodium sulfate and stored at 2-4°C. The yield was defined as the essential oil to the dry

aerial parts matter mass ratio (Benyoussef et al., 2005):

R (%) = (Må /Mí).100

R (%): Essential oil yield.

Må: Essential oil mass.

Mí: Aerial part mass.

General Experimental Procedures

GC analyses were performed on a Perkin Elmer 8500 gas chromatograph with FID, fitted with

a fused silica DB-5 MS capillary column (30m x 0.32 mm (i.d.), film thickness: 0.25ìm). The column

was temperature programmed from 50 ºC to 230 ºC at a rate of 2 ºC /min. The injector and detector

temperatures were programmed at 250 ºC.

GC-MS analyses were performed on a Hewlett-Packard 5973-6890 system operating in EI mode

(70eV) equipped with a split/splitless injector (220 ºC), a split ratio 1/10, using two different columns:

a fused silica HP-5 MS capillary column (30m x 0.25mm (i.d.), film thickness: 0.25ìm) and a HP-

Innowax capillary column (30m x 0.25mm (i.d.), film thickness: 0.50ìm). The temperature program for

HP-5 MS column was from 60 ºC (5min) to 280 ºC at a rate of 4 ºC/min and for HP-Innowax

column from 60 ºC to 260 ºC at a rate of 3 ºC/min. Helium was used as a carrier gas at a flow

rate of 1.0 mL/min. Injection volume of the sample was 2 ìL. Retention indices for all compounds

were determined according to the Van der Dool approach (Van der Dool and Kratz, 1963) using n-

alkanes as standards. The identification of the components was based on comparison of their mass

spectra with those of W iley and NBS Libraries and those described by Adams (2002), as well as by

comparison of their retention indices with literature data (Massada, 1976).  Optical rotation was

measured on a Perkin-Elmer 341 Polarimeter. 

Bioassays

The agar disc diffusion method was used for the determination of antimicrobial activity of the

essential oil (NCCLS, 1997).

The following Gram-negative bacteria were used Pseudomonas aeruginosa (ATCC 9027) and

Escherichia coli (ATCC 4157), as well as the Gram-positive bacteria Micrococcus luteus (ATTC 9341)

and Enterococcus faecalis (ATCC 6569) and the fungi Candida albicans (ATCC 2601) and

Saccharomyces cerevisiae (ATCC 9763).

The bacterial species were cultured overnight at 37 ºC in Mueller-Hinton medium (Bio-Rad), while

C. albicans and S. cerevisiae were maintained on Sabouraud Agar (SDA). 

Suspensions of the tested micro-organisms (0.1 ml of 10 -10  cells/ml) were spread over the surface7 8

of Petri plates. The inocula were stored at +4 ºC for further use. 

The samples were dissolved in a final concentration 20% in saline solution using up to 2.0%

Tween 80 (0.9% NaCl and 20% Tween 80, ratio 1:10) (in order to facilitate the essential oil

dispersion) (Ngassoum et al., 2003). Filter paper discs (Whatman n° 1; 6.0 mm in diameter) were

impregnated with 20 ìl of the sample and placed on the inoculated agar plates. Saline solution using

up to 2.0% of Tween 80 was used as a negative control (Jirovetz et al., 2003). Standard antibiotics

(Amikacine 1mg/ml and Myconasol 10 mg/ml) were used in order to control the sensitivity of the test

organisms. 

The plates containing the bacteria were incubated for 24 h at 37 ºC, while that of fungi for 48

h at 30 ºC. The resulting diameter of the inhibition zones (IZD) have been measured in millimetres

(Jirovetz et al., 2005). All experiments were performed in triplicate.

Results and discussion 

After 90 min, 82.0% of the essential oil was recovered and it was totally recuperated after 240

min following the extraction.

The shapes of the kinetic curves suggest that the essential oil is localized in endogenous and

exogenous sites. In addition, cross section observations on the aerial parts (leaf and steam) were made
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on a photonic microscope using the double coloring technique (Methyl Green and Congo Red).

According to these observations, the majority of the essential oil is localized in exogenous deposits

in the steam, while leaves contain both endogenous and exogenous sites.

The essential oil obtained by hydrodistillation was pale yellow in colour; its yield was 0.21%. The

physico-chemical properties have been measured as follows (AFNOR, 2000): acid number: 1.11, ester

2 2number: 111.86, optical rotation:       -0.13 (CH Cl , c, 24.0).

The identified volatile components are listed in Table 1. The table also includes their retention

indices and the percentage composition. 14 compounds were identified, representing 97.2% of the total

volatile constituents. The volatile fractions consisted of a complex mixture of different substances, with

oxygenated monoterpenes (90.2%) being the dominating constituents. Among them, citronellol (76.6%)

and geraniol (7.2%) were the main compounds, mono- and sesquiterpene hydrocarbons (0.3%, 6.7%),

respectively. However we did not find any oxygenated sesquiterpenes.

Table 1: Composition of P. capitatum essential oil.

Compond Kovats index(KI)* Percentage

á-pinene 915 0.2

á-phellandrene 999 tr

p-cymene 1029 0.1

trans-linalool oxide 1073 0.3

linalool 1081 1.2

á-terpineol 1166 4.9

citronellol 1221 76.6

geraniol 1243 7.2

â-bourbonene 1347 0.6

â-caryophyllene 1395 2.1

á-copaene 1413 2.1

á-amorphene 1436 1.2

â-selinene 1442 0.4

ã-cadinene 1465 0.3

Total 97.2

Grouped components

Terpenoids 

M onoterpene hydrocarbons 0.3

Oxygenated monoterpenes 90.2

Sesquiterpene hydrocarbons      6.7

9 24Order of elution from a DB 5 column, including their Kováts indices calculated against C -C  n-alkanes on the DB 5 column

and their percent contribution.

 tr: traces.

Using biological testing on different microorganisms, it was found that the used P. capitatum

essential oils showed a strong activity against S. cerevisiae (32.7 ± 0.02 mm), C. albicans (25.1 ±

0.03 mm) and P. aeruginosa (24.2 ± 0.01 mm), while it showed a highest effect against M. luteus

(17.2 ± 0.01 mm), E. coli (17.1 ± 0.02 mm) and E.  faecalis (15.0 ± 0.01 mm) (Table 2).

Table 2: Antimicrobial activity of P. capitatum essential oil expressed as the diameter of the inhibition zone in m m in the disk

sensitivity assay.

Test-microorganism s Oil(20% solution) Sensitivity* Saline sol. 2% of Tween 80 Amikacine M yconasol

Pseudomonas aeruginosa 24.2 ± 0.01 +++ 06.1 ±0.01 18.2 ±0.02 nt

Escherichia coli 17.1 ± 0.02 0 04.2 ±0.03 19.9 ±0.02 nt

Micrococcus luteus 17.2 ± 0.01 0 08.4 ±0.02 20.1 ±0.01 nt

Enterococcus faecalis 15.0 ± 0.01 0 04.7 ±0.02 17.3 ±0.02 nt

Candida  albicans 25.1 ± 0.03 +++ 05.3 ±0.01 nt 24.5 ± 0.02

Saccharomyces cerevisiae 32.7 ± 0.02 +++ 06.5 ± 0.03 nt 23.9 ± 0.03

*the sensitivity to the different strains was classified by the diameter of the inhibition zone as follows (Ponce et al., 2003):

-: diameter less than 8 mm; not sensitive

+: sensitive; diameter 9–14 mm; 

++: very sensitive; diameter 15–19 mm.

+++: extremely sensitive for diameter larger than 20 mm.                

nt: not tested.

Discussion

Various essential oils obtained from the plants showed antimicrobial activity against a range of

microorganisms including Gram’s positive bacteria, Gram’s negative bacteria and fungi. However, the
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differences may be explained by susceptibility, testing conditions, physico-chemical characteristics of the

oil and strain differences (Badar et al., 2008). The earlier studies on essential oil of Pelargonium  sp.

(Rajeswara Rao et al., 1996) reported that the terpenoid composition of the essential oil was strongly

influenced by the seasonal climatic changes. During the summer citronellol (40.80%) and linalool

(13.27%) were the main component; wile during the winter geraniol (26.62%) was the main compound.

when the chemical profile of the studied essential oil is compared to previously studied essential oil

of Pelargonium sp from Portugal (Gomes et al., 2007), it appears that citronellol (26.9%) and

citronellyl formate (13.2%) were the main components, wile in comparison with our sample the second

component is totally absent.

The essential oil composition of Pelargonium sp. cultivar ‘Kelkar’, grown in the agroclimatic

conditions of the western Himalayas, showed that citronellol (36.79%) and geraniol (22.12%) were

present in high amounts (Babu et al., 2005).

However, the composition of the essential oil of Indian pelargonium showed that geraniol

(21.3–38.4%) and linalool (14.7–19.6%) were the major constituents (Rajeswara Rao et al., 2002).

It is previously mentioned that the essential oil of P. graveolens exhibit a significant antibacterial

activity against five strains of C. albicans (Rosato et al., 2008), and against B. subtilis (Rosato et al.,

2007).

Conclusion

In conclusion we can report the essential P.  capitatum oil is of a high quality of aroma and

composition.  Antimicrobial testing showed high activities of this essential oil especially against S.

cerevisiae, C. albicans and P. aeruginosa which can be profitably exploired.
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