
                 International Journal of Pharmacognosy and Chinese Medicine 
ISSN: 2576-4772                                                                                                   

 

Aromatic Profiles and Antimicrobial Activities of Two Ocimum basilicum Varieties Int J Pharmacogn Chinese Med 

 

  

Aromatic Profiles and Antimicrobial Activities of Two Ocimum 

basilicum Varieties 
 

Yani AA1, Eldahshan OA2, 3*, Hassan SA4, Elwan ZA4 and Ibrahim HM1 

1Biology Department, Botany Section, Faculty of Science, Sanaa University, Yemen 

 2Pharmacognosy Department, Faculty of Pharmacy, Ain Shams University, Egypt 

3Center for Drug Discovery Research and Development, Ain Shams University, Egypt 

4Botany Department, Faculty of Science, Ain Shams University Cairo, Egypt 
 

*Corresponding author: Omayma A Eldahshan, Pharmacognosy Department, Faculty of Pharmacy, Ain Shams 

University, Cairo 11566, Egypt, Tel: + 2 01011841951; Email: oeldahshan@pharma.asu.edu.eg 

 
 

Abstract 

The volatile oils isolated from both Ocimum basilicum var. purpurascens and Ocimum basilicum var. basilicum, in Yemen, 

were analyzed by GC/FID and GC/MS. Twenty peaks were detected (100%) in Ocimum basilicum var. basilicum oil where 

l-Linalool was the highest one (39.0%) followed by cis-anethole (20.0%), guaiol (8.9%) and 1,8-cineole (7.2%). Ocimum 

basilicum var. purpurascens chromatogram revealed the presence of twenty peaks which represented 100% of the total 

peaks. l-Linalool (41.8%), α-copaene (22.3%) and 1,8-cineole (10.6%) were the most representative components.  

Ocimum basilicum var. basilicum, was more effective as antimicrobial agent than Ocimum basilicum var. purpurascens 

where it showed potent activity against Bacillis subtilis (MIC is 3.90 μL/mL) and moderate activities against both 

Staphylococcus aureus and Escherichia coli (MIC value for both 7.8 μL/Ml). Ocimum basilicum var. basilicum induced 

potent antifungal activities against Saccharomyces cerevisiae (MIC 3.90 μL/mL). 
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Abbreviations: AF: Aspergillus fumigatus (RCMB 
02568); CA: Candida albicans (RCMB 05036); SC: 
Saccharomyces cerevisiae (RCMB 05177); SA: 
Staphylococcus aureus (RCMB 010067); EF: Enterococcus 
faecalis (RCMB 010028); BS: Bacillis subtilis (RCMB 
010063); EC: Enterobacter coloacae (RCMB 010072); KP: 
Klebsiella pneumoniae (RCMB 010052); ECo: Escherichia 
coli (RCMB 010093). 
 

Introduction 

Ocimum basilicum has been used in traditional 
medicine since long time all over the world as a remedy for 

a several ailments [1,2]. Lots of pharmacological activities 
have been traced for O. basilicum volatile oil, as 
antimicrobial, anti-inflammatory, analgesic, antioxidant 
and immunomodulatory activities [1,2]. 

 
Little variations in components concentration were 

observed in different locations as some major components 
present in one of the oils were in lesser concentrations in 
the other variety. For example, anethole in var. basilicum 
(20%), presents in low concentration in the second var. 
purpurascens (2.53%) and guaiol 8.8% is absent in the 
second variety. The major constituents of Ocimum 
basilicum var. basilicum from Brazil were eugenol (28.1%) 
and camphor (10.1%) [3]. However, in Colombia, the main 
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components were l-linalool (46.7%) and estragole (27.4%) 
[4]. Linalool was the major constituents in three oil 
samples collected from plants in Yemen, Tajikistan and 
Nepal [5]. In addition, l-linalool (29.7-39.3%) %) was the 
major compound in previous study of EO isolated from 
Ocimum basilicum var. purpurascens in Bangladesh and 
Brazil but estragole was the major constituent of EO 
collected in Russia [6-8].  

 
This study was undertaken to chemically investigate 

the essential oils of Ocimum basilicum var. purpurascens 
and Ocimum basilicum var. basilicum from Yemen as well 
as evaluate their antimicrobial activities against selected 
bacteria and fungi.  
 

Materials and Methods 

Plant Material 

Ocimum basilicum var. purpurascens and Ocimum 
basilicum var. basilicum were collected during the rainy 
season in 2-22/8/2015 from different location in Bani 
Matar District, Sanaa governorate, Yemen. The 
identification of the specimens was done by utilizing the 
available taxonomic and floristic literatures [9-12]. 
Voucher specimens have been deposited at the Herbarium 
of Faculty of Science, Ain Shams University and a duplicate 
of each herbarium specimen was kept at the Herbarium of 
Biology Department, Faculty of science Sanaa University. 
 

Isolation of the Essential Oil 

The fresh leaves and green branches of both taxa were 
chopped into small pieces. The essential oil was isolated 
from each part by hydrodistillation for 5 h using a 
Clevenger-type all glass apparatus. Each oil was 
transferred to a screw-capped glass vial, dried (Na2SO4) 
and stored at 4°C in the dark until analysis. 
 

Analysis of Essential Oils by GC and GC-MS 

GC analysis was carried out using a GC HP 5890 
Hewlett Packard equipped with FID and HP-5 fused silica 
capillary column 30 m × 0.25 mm i.d., film thickness 0.25 
μm, using a sample volume of 0.03 µL. Oven temperature 
was programmed from 60ºC to 240ºC at 3ºC/min; injector 
temperature 250ºC; detector temperature 280 ºC; carrier 
gas was helium, flow rate was 1.0 mL/min; automatic 
sample injection, 0.02 μL of the oil; split was 1/70. The 
relative proportions of the essential oil constituents were 
expressed as percentages obtained by peak area 
normalization. GC–MS analysis was performed on a Perkin-
Elmer quadrupole MS system (Model 5) coupled with the 
GC HP 5972, equipped with a HP-5 capillary column. Oven 
temperature was programmed from 45 ºC to 240ºC at 

3ºC/min; injector temperature 250ºC; carrier gas was 
helium, flow rate was 0.5 mL/min; automatic sample 
injection, 0.02 μL of the oil; split: 1/70. The MS operating 
parameters were interface temperature: 300 ºC, ion source 
temperature: 200ºC, EI mode: 70 eV, scan range was 41–
400 amu. 
 

Identification of the Components 

Mass spectra of the individual GC peaks were identified 
by a computer search of the commercial libraries (WILEY, 
NIST), as well as matching with published mass spectra 
[13]. The identification was further confirmed by the 
calculation of the retention indices (RI) relative to (C6–
C22) n-alkanes [14]. 
 

Antibacterial Activity 

This work has been done in Regional Center for 
Mycology and Biotechnology, Al-Azhar University, Nasr 
City, Cairo, Egypt. 

 
Antibacterial activity was investigated using agar-well 

diffusion method. The activity of the tested oils was 
studied against the Staphylococcus aureus (RCMB010027), 
Enterococcus faecalis (RCMB 010063), Bacillis subtilis 
(RCMB 010067) (as Gram-positive bacteria), and 
Enterobacter coloacae (RCMB 010072), Klebsiella 
pneumoniae (RCMB 010093), Escherichia coli (RCMB 
010052) (as Gram-negative bacteria). The solution of 250 
μ/mL of each oil and standard drug in DMSO was prepared 
for using against the tested bacteria. The centrifuged 
pellets of bacteria from a 24-hour-old culture containing 
approximately 104-106 CFU/ml were spread on the 
surface of nutrient agar (tryptone 1%, yeast extract 0.5%, 
NaCl 0.5%, agar 1%, 1000 ml of H2O, pH 7.0) which was 
autoclaved under 121°C for at least 20 min. The wells were 
created in a medium with the help of a sterile metallic 
bores and then cooled to 45°C. The activity was 
determined by measuring the diameter of the inhibition 
zone (in mm). Fifty microlitres of the oil (concentration: 
250μL/mL) were loaded into the wells of the plates. All the 
samples were prepared in DMSO, and DMSO was loaded as 
control. The plates were kept for incubation at 37°C for 24 
h and then the plates were examined for the formation of 
inhibition zone. Each inhibition zone was measured three 
times by caliper to get an average value. The test was 
performed three times for each bacterium culture. 
Ampicillin was used as a positive control for Gram-positive 
bacteria and gentamicin for Gram-negative bacteria. 
 

Antifungal Activity 

The tested samples were screened separately in vitro 
for their antifungal activity against Aspergillus fumigatus 
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(RCMB 02568), Candida albicans (RCMB 05036), 
Saccharomyces cerevisiae (RCMB 05177) and Trichophyton 
mentagrophytes. These species were isolated from the 
infected organs of some patients on Sabouraud dextrose 
agar plates. The culture of fungi was purified by single 
spore isolation technique. The antifungal activity was done 
by agar-well diffusion method according to the following 
procedure: A homogeneous mixture of glucose–peptone–
agar (40:10:15) was sterilized by autoclaving at 121 °C and 
15 ×105 Pascal for 20 min. The sterilized solution (25 mL) 
was poured in each sterilized Petri dish in laminar flow 
and left for 20 min to form the solidified Sabouraud 
dextrose agar plate. These plates were inverted and kept at 
30 °C in an incubator to remove the moisture and to check 
for any contamination. 
 

Antifungal Assay 

Fungal strain was grown in 5 mL Sabouraud dextrose 
broth (glucose: peptone, 40:10) for 3-4 days to achieve 
105 CFU/ml cells. The fungal culture (0.1 mL) was spread 
out uniformly on the Sabouraud dextrose agar plates by 
sterilized triangular folded glass rod. Plates were left for 5-
10 min so that culture was properly adsorbed on the 
surface of Sabouraud dextrose agar plates. Small wells of 
size (4-2 mm) were cut into the plates with the help of well 
cutter and bottom of the wells were sealed with 0.8% soft 
agar to prevent the flow of test sample at the bottom of the 
well. About 50 μL of the tested samples (250 μL/mL) were 
loaded into the wells of the plates. The samples were 
prepared as DMSO solutions, and DMSO was loaded as 
control. The plates were kept for incubation at 30°C for 3-4 
days and then the plates were examined for the formation 
of inhibition zone. Each inhibition zone was measured 
three times by caliper to get an average value. The test was 
performed three times for each fungus. Amphotericin was 

used as a standard for the antifungal activity. 
 

Determination of Minimum Inhibitory 
Concentrations 

Minimum inhibitory concentrations (MIC) were 
determined by using the microdilution broth method. This 
was done following the procedures recommended by the 
National Committee for Clinical Laboratory Standard 
[15,16]. Ampicillin, gentamycin, and amphotericin B were 
used as the reference compounds for bacteria and fungi. 
The reference compounds were dissolved in sterile 
distilled H2O. The microtiter plates were incubated at 37°C 
for tested bacteria and 28 for tested fungi, and were read 
using microplate reader after 24 h for bacteria and 48 h for 
fungi. 
 

Results 

GC/MS Results 

The essential oils composition seems to be similar in 
both varieties of Ocimum basilicum; basilicum and 
purpurascens where l-linalool is the dominant compound 
(39.0, 41.7%).  

 
Ocimum basilicum var. basilicum oil was pale green in 

color. Twenty peaks were detected (100%). l-Linalool was 
the highest one (39.0%) followed by cis-anethole (20.0%), 
guaiol (8.9%) and 1,8-cineole (7.2%), (Table 1). 

 
Ocimum basilicum var. purpurascens oil was pale green 

in color. Twenty peaks were detected which represented 
100% of the total peaks. l-Linalool (41.8%), α-copaene 
(22.3%) and 1,8-cineole (10.6%) were the most 
representative components, (Table 2). 

 
NO. Formula Compounds KI Oil Area [%]a) 

1 C10H16 α-Pinene 936 0.58 
2 C10H16 β-Pinene 981 0.75 
3 C10H16 β-Myrcene 990 1.42 
4 C10H18O 1,8-Cineole 1035 7.16 
5 C10H16 α-Ocimene 1049 2.13 
6 C10H18O2 l-Linalool 1102 39.02 
7 C10H18O d-Fenchyl alcohol 1121 0.48 
8 C10H18O Borneol 1175 1.25 
9 C10H18O Terpine-4-ol 1182 1.02 

10 C10H12 Z-Anethole 1249 19.98 
11 C12H20O2 Thujanol acetat 1277 1.31 
12 C12H20O2 Isobronyl acetat 1281 5.94 
13 C15H24 α-Bergamotene 1409 1.87 
14 C15H24 allo-Aromadendrene 1458 1.68 
15 C15H24 α-Macrocarpene 1471 1.8 
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16 C15H24 Dauca-5,8diene 1472 0.48 
17 C15H24 Germacrene D 1483 0.89 
18 C15H24 β-Selinene 1487 2.45 
19 C15H22O Elemenone 1583 0.96 
20 C15H26O Guaiol 1605 8.83 

Total all 100 
Functional group Total peak (%, No. of identified compounds) 

Monoterpene hydrocarbons 24.86 
Sesquiterpene hydrocarbons 9.17 

Monoterpene oxygenated 56.18 
Sesquiterpene oxygenated 9.79 

Total Hydrocarbons compounds 34.03 
Total oxygenated compounds 65.97 

Table 1: Essential oil composition of Ocimum basilicum var basilicum. 
a Values are expressed as relative area percentage; bKovats retention index calculated on DB-5 column; The major components are 
highlighted in bold. (Values expressed as relative area percentages to the total identified components). 

 
NO. Formula Compounds KI Oil Area [%]a) 

1 C10H16 α-Pinene 936 0.53 
2 C10H16 β-Pinene 981 0.94 
3 C10H18O 1,8-Cineole 1035 10.6 
4 C10H16 α-Ocimene 1049 0.53 
5 C10H18O l-Linalool 1102 41.73 
6  C10H18O d-Fenchyl alcohol 1121 2.16 
7 C10H18O Borneol 1175 1.88 
8 C10H18O Terpine-4-ol 1183 1.18 
9 C10H18O α-Terpineol 1186 0.77 

10 C10H12O Z-Anethole 1249 2.53 
11 C12H20O2 Thujanol acetat 1277 0.57 
12 C9H10O Cinnamyl alcohol 1306 1.6 
13 C15H24 α-Copaene 1374 22.25 
14 C15H24 Bergamotene 1409 3.12 
15 C15H24 trans-Muurola-3,5-diene 1457 1.78 
16 C15H24 α-Macrocarpene 1471 2.04 
17 C15H24 ᵧ-Gurjunene 1476 0.85 
18 C15H24 Germacrene D 1483 1.3 
19 C15H24 β-Selinene 1488 1.12 
20 C15H26O α-epi-Eudesmol 1608 2.52 

Total all 
 

100 
Functional group Total peak (%, No. of identified compounds) 

Monoterpene Hydrocarbons 2 
Sesquiterpene Hydrocarbons 32.46 

Monoterpene oxygenated 63.02 
Sesquiterpene oxygenated 2.52 

Total hydrocarbon compounds 34.46 
Total oxygenated compounds 65.54 

Table 2: Essential oil composition of Ocimum basilicum var. purpurascens. 
a Values are expressed as relative area percentage; b Kovats retention index calculated on DB-5 column; The major components are 
highlighted in bold. (Values expressed as relative area percentages to the total identified components). 
a Values are expressed as relative area percentage; b Kovats retention index calculated on DB-5 column; The major components are 
highlighted in bold. (Values expressed as relative area percentages to the total identified components). 
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Antimicrobial Activity 

Tables 3 and 4 displayed zone of inhibition and 
minimum inhibitory concentration (MIC) of both oils.  

 
The antimicrobial activity of these EOs was 

investigated against nine pathogenic microorganisms 
represented by six bacterial species, which were three 
gram-negative bacteria: Enterobacter coloacae, Klebsiella 
pneumoniae, Escherichia coli, three gram-positive bacteria: 
Staphylococcus aureus, Enterococcus faecalis, Bacillis 
subtilis and three fungal species: Aspergillus fumigatus, 
Candida albicans, Saccharomyces cerevisiae 

 
Ocimum basilicum var. basilicum, was more effective as 

antimicrobial agent than Ocimum basilicum var. 
purpurascens. Concerning Ocimum basilicum var. 
basilicum, it exhibited potent antibacterial activities 
against Bacillis subtilis with MIC values of 3.90 μL/mL and 
moderate activities with MIC value of 7.8 μL/mL against 
both Staphylococcus aureus and Escherichia coli. It also 
induced potent antifungal activities against Saccharomyces 
cerevisiae with MIC values of 3.90 μL/mL. 

 
Linalool was found as a major component in Ocimum 

basilicum var. basilicum. It was reported that linalool 
exerted antifungal activity with anti-Trichophyton rubrum 
potential [17]. A Bulgarian study on basil oil, where the 
major components was linalool (54.95%), showed that it 
exhibited strong inhibitory effect against multidrug 
resistant clinical isolates from the genera Staphylococcus, 
Enterococcus and Pseudomonas [18]. Anethole 

showed antimicrobial activities against coliforms [19]. 
 

The essential oil from the fruits of the Brazilian spice 
Xylopia sericea exhibited high bacteriostatic effect against 
Staphylococcus aureus, Enterobacter cloacae, Bacillus 
cereus and Klebsiella pneumonia where one of its major 
compounds is guaiol (13.93%) [20]. 

 
Eucalyptol itself possessed an activity against many 

microorganisms as E. coli, S. aureus, Bacillus cereus and P. 
aeruginosa [21] suggesting that eucalyptol may be 
responsible for the antimicrobial activity identified by this 
study [22].  

 
Essential oil of Ocimum basilicum var. purpurascens did 

not show any antimicrobial effect. We can explain that 
Interactions between components may cause antagonistic, 
additive or synergistic effects. Some researchers have 
demonstrated that whole EOs usually induce higher 
antimicrobial; activity than the mixtures of their major 
compounds, suggesting that the minor compounds are 
critical to the synergistic activity, though antagonistic and 
additive effects have also been observed [23-25]. 
 

Conclusion 

Ocimum basilicum var. basilicum induced potent to 
moderate activities against some Gram-positive, Gram-
negative bacteria as well as some fungi. 

 
This could courage us for using this oil as natural 

preservative in food, drugs and cosmetics preparations.  
 

Diameter of inhibition zone (mm)a)b)c)d) 
plant Fungal species Gram-positive bacteria Gram-negative bacteria 

SC CA AF BS EF SA Eco KP EC 
19.2±0.58 NA 17.3±0.58 19.2±0.37 NA 18.2±0.44 18.1±0.63 17.3±0.44 NA OBB 

NA NA NA NA NA NA NA NA NA OBP 
Amphotericin B Ampicillin Gentamicin 

Standard 
27.8±0.58 21.9±0.12 23.7±0.10 26.4±0.34 25.3±0.58 28.9±0.14 27.3±0.44 20.2±0.12 23.8±0.63 

Table 3: Antimicrobial activity of the volatile oils of Ocimum basilicum var. basilicum and Ocimum basilicum var. 
purpurascens expressed as inhibition zone diameter. 
a) Mean zone of inhibition in mm _ standard deviation beyond well diameter (6 mm) produced on a range of environmental and 
clinically pathogenic microorganisms. The concentration used for the standard antibiotic was 30 mg/mL.  
b) The test was done using the diffusion agar technique. Well diameter: 6.0 mm. RCMB: Regional Center for Mycology and 
Biotechnology Antimicrobial unit test organisms. 
c) Results are Mean±SD of triplicate values. The concentration of oil was 250 μL/mL.  
d) 6–9 mm: no activity; 12–15 mm: low activity; 15–18 mm: good activity; above 18 mm: significant activity. 
Abbreviation of plants names in Table 3. 
AF: Aspergillus fumigatus (RCMB 02568), CA: Candida albicans (RCMB 05036), SC: Saccharomyces cerevisiae (RCMB 05177); SA: 
Staphylococcus aureus (RCMB 010067); EF: Enterococcus faecalis (RCMB 010028); BS: Bacillis subtilis (RCMB 010063); EC: 
Enterobacter coloacae (RCMB 010072); KP: Klebsiella pneumoniae (RCMB 010052); ECo: Escherichia coli (RCMB 010093) 
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NA : no activity.Fungal species Gram-positive bacteria Gram-negative bacteria 
Plant 

SC CA AF BS EF SA ECo KP EC 
3.9 NA 13.25 3.9 NA 7.8 7.81 15.63 NA OBB 

1.95 NA NA NA NA NA NA NA NA OBP 
Amphotericin B Ampicillin Gentamicin 

Standard 
0.49 0.98 0.49 0.49 0.98 0.49 0.98 3.9 0.98 

Table 4: Antimicrobial activity (MIC) of volatile oils of Ocimum basilicum var. basilicum and Ocimum basilicum var. 
purpurascens plants. 
Abbreviations are the same as Table 3. 
NA: no activity, OBP: NA with all microorganisms 
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