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Abstract

Leaves and fruits (500g each) of Ocimum basilicum that were separately hydrodistilled, yielded 0.4 and 0.5% (v/w) of
the oils respectively. Analyses of the oils using GC and GC-MS showed that, bulk of the oils were constituted by oxygenated
monoterpenes. The principal constituents of the leaf and fruit oils were; linalool (61.7 and 62.9%), 1,8-cineole (17.2 and 18.7%),
borneol (8.5 and 6.4%), eugenol (5.7 and 5.4%) and a-caryophyllene (4.3 and 4.0%). With the predominance of linalool in the
oils, they are of linalool chemotypes. The antibacterial activities of the oils were evaluated on ten clinical bacterial isolates using
disc diffusion method. The oils were found to inhibit three Gram-positive and three Gram-negative bacteria. The bacteria
inhibited were Bacillus megaterium, Bacillus cereus, Streptococcus pyogenes, Escherichia coli, Proteus mirabilis and Klebsiella
pneumonia. Bacillus megaterium had the highest susceptibility with minimum inhibitory concentration (MIC) of 2.5 mg ml™.
Bacillus cereus, Streptococcus pyogenes, Serratia marcescens and Pseudomonas aeruginosa showed resistance to the oils.
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1. Introduction

Basil (Ocimum basilicum L.) is a pleasant smelling
shrub which grows in several parts the world [1,2]. Essential
oils extracted from leaves and flowers of the plant are used
as flavors in pharmaceuticals, food and cosmetics [3,4].
Traditionally, the plant is used in the treatments of
headache, cough, diarrhea, constipation, warts, worms and
kidney  malfunction [3]. Anti-inflammatory,  anti-
carcinogenic, anti-fungal and anti-bacterial activities of the
plant extracts, confirmed its therapeutic potentials [5-11].
Insect repellant properties of the plant extracts have also
been reported [12-14].

Phytochemical investigations of the plant showed
the presence of tannins, steroids, terpenoids, flavonoids and
cardiac glycosides [15]. Earlier work on the leaf essential oil
of the plant from different part of the world revealed the
existence of linalool, methyl chavicol, eugenol, estragole,
thymol and p-cymene chemotypes, p-caryophylene [16,17].
The presence of 1,8-cineole in the essential oils of western
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Nigerian grown plants and other parts of the world were
also documented [18-23].

It has been established that composition pattern of
essential oils in different parts of some odoriferous plants
varied significantly hence, could affects their biological
activities [24,25]. It is on the basis of this, that we
investigate the constituents and antibacterial activities of
leaf and fruit essential oils of north central Nigerian grown
Ocimum basilicum.

2. Materials and methods

2.1. Plant Materials

Fruits and leaves of Ocimum basilicum were collected in
lorin, llorin West Local Government Area of Kwara State,
Nigeria. Identification was carried out at the herbarium of
Forestry Research Institute of Nigeria, Ibadan, where
voucher specimens were deposited.
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2.2. Oil isolation

Pulverized leaves and fruits of Ocimum basilicum
(5009) were separately hydrodistilled for 3 hours using
Clevenger type apparatus according to the British
pharmacopoeia specification [26]. The resulting oils were
collected in a sealed glass tube and stored under
refrigeration until analysis.

2.3. Gas Chromatography

GC analysis was performed on an Orion micromat
412 double focusing gas chromatography system fitted the
two capillary column coated with CP-Sil 5 and CP-Sil 19
(fused silica, 25m x 0.25mm x 0.15 pm film thickness) and
flame ionization detector (FID). The volume injected was
0.2 pL and the split ratio was 1:30. Oven temperature was
programmed from 50-230°C at 50/min. using hydrogen gas
as carrier gas. Injector and Detector temperature were
maintained at 200 and 250°C respectively. Qualitative data
were obtained by electronic integration of FID area percents
without the use of correction factors.

2.4. Gas Chromatography/Mass Spectrometry

A Hewlett Packard (HP 5890A) GC interfaced with
a VG analytical 70-250S double focusing mass spectro-
meter was used. Helium was the carrier gas at 1.2ml/min.
The MS operating conditions were; ionization voltage 70ev,
ion source 230 C. The GC was fitted with a 25m x 0.25mm,
fused silica capillary column coated with CP-Sil 5. The film
thickness was 0.15um. The GC operating conditions were
identical with those of GC analysis. The MS data were
acquired and processed by online desktop computer
equipped with disk memory. The percentage composition of
the oil was computed in each case from GC peak areas. The
identification of the component was based on the
comparison of retention indices (determined relative to the
retention time of series of n-alkanes) and mass spectra with
those of authentic samples and with data from literature [27-
29].

2.5. Antibacterial Activity Test
Antibacterial activities of the oils were carried out
using the disc diffusion method [30-32].

2.5.1. Organism

The test bacteria were clinical isolates obtained from
the collection of microorganisms of the Department of
Microbiology, University of llorin. They comprised of
Bacillus megaterium, Streptococcus pyogenes Staphy-
lococcus epidermidis, Staphylococcus aureus, and Bacillus
cereus which were Gram-positive; and Escherichia coli,
Proteus mirabilis, Klebsiella pneumoniae, Serratia
marcescens and Pseudomonas aeruginosa which were Gram
negative bacteria. The bacteria were refreshed by growing
on Nutrient Agar plates for 18hrs at 37+1T.

2.5.2 Preparation of inoculum

Inoculum was prepared from fresh culture by
transferring portion of bacterial culture on Nutrient Agar to
sterile physiological saline with the aid of a wire loop. The
inoculums were standardized to Mcfarland’s scale 0.5.
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2.5.3. Preparation of discs

Discs (8 mm each) were prepared from Whatman
filter paper No. 1 using perforating machine. The discs were
wrapped in foil paper and sterilized in hot air oven at 150C
for 1 hr. The essential oils were diluted with Tween 80 to
obtain 40, 20, 10, 5, and 2.5 mg ml™ and the discs were
loaded by immersing in different concentration of oils.

2.5.4. Inoculation and incubation of the plates

The prepared Mueller-Hinton plates  were
inoculated with the ten bacteria strains. Soaked discs of
varying concentration were removed with sterile forceps and
placed firmly on the surface of each inoculated plates. The
plates were incubated at 37°C for 24 hrs. and observed for
zones of inhibition after growth. The inhibition zones were
measured with metric ruler and compared with inhi-bition
zones produced by 100ug/ml of gentamicin. Minimum
inhibitory con-centrations (MIC) were determined. The
antibacterial tests were conducted in triplicates and zones of
inhibition (mm) were expressed as the mean of three
measurements.

3. Results and Discussion
Pulverized leaves and fruits (500g each) of
Ocimum basilicum that were separately hydrodistilled,
yielded 0.4 and 0.5 %( v/w) of the oils respectively. The
yield from the leaves compared favorably well with the
yield from the leaves of south west grown Ocimum
basilicum in Nigeria [18]. Table 1 shows retention indices,
relative percentages and identities of the constituents of the
oils. A total of 39 and 41 compounds that represent 98.9 and
99.4% of the leaf and fruit oils were identified from their
retention indices and mass spectra. Hydrocarbons and
oxygenated monoterpenes constituted 1.1 and 87.6% of the
leaf oil. The percentage composition of hydrocarbon sesqui-
terpenes and phenylpropanoids were 4.5 and 5.7%
respectively. The most abundant hydrocarbon monoterpene
in the oil was B-pinene (0.8%). Other notable hydrocarbons
in the oil were; D-limonene (0.2%) and allo-ocimene
(0.1%). Linalool (61.7%) was the most abundant
oxygenated monoterpene in the oil. 1,8-cineole (17.2%),
borneol (8.5%) and nerol (0.2%) were found in appreciable
quantities. Linalyl acetate, isoartemesia ketone, fenchone,
terpenen-4-ol, a-terpeneol, neral, geranial and geraniol were
detected in trace amounts. The principal hydrocarbon
sesquiterpene in the oil was a-caryophyllene (4.3%). B-
bisabolene (0.2%) was found in appreciable quantity. o-
copaene, B-elemene, trans-a-bergamotene, bicyclogerma-
crene, [-sesquiphellandrene, p-cary-ophyllene, 1,6,10-
dodecatrien-3-ol, 3,7,11-trimethyl existed in trace amounts.
Eugenol (5.7%) was the most abundant phenylpropanoid in
the oil. Meanwhile, benzyl alcohol, cinnamide aldehyde,
ethyl cinnamate, acetyl eugenol, elemicin, benzyl benzoate,
thymyl methyl ether were found in trace amounts.
Hydrocarbon and oxygenated monoterpenes
constituted 1.7 and 88.2% of the fruit oil. Percentage
composition  of  hydrocarbon  sesquiterpenes  and
phenylpropanoids were 4.1 and 5.4%. The most abundant
hydrocarbon monoterpenes in the fruit oil was B-pinene
(1.3%). Other notable hydrocarbons in the oil were; D-
limonene (0.3%) and allo-ocimene (0.1%).
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Table 1: Chemical Composition (%) of leaf and fruit essential oils of Ocimum basilicum

Compound? R1° %Composition Mass Spectra Data

leaf fruit
Triclene 922 tr tr 136,121,105,93,77,67
a-thujene 926 tr tr 136,121,115,105,91,77
a-pinene 933 tr tr 136,121,105,93,79,67
B-pinene 976 0.8 13 136,121,107,93,79,67
myrcene 990 tr tr 136,121,115,105,91,77
car-2-ene 1001 tr tr 136,121,105,105,93,79,74
D-limonene 1027 0.3 0.2 136,121,107,93,79,67
Benzyl alcohol 1028 tr tr 108, 91,89,77,51
1, 8 — cineole 1029 17.2 18.7 154,139,125,108,93,81
Cis-ocimene 1035 tr tr 105, 93, 79, 67, 53, 41
Allo-ocimene 1142 0.1 0.1 136, 121, 105, 93, 79, 74
y-terpinene 1057 tr tr 136, 121, 105, 93, 77, 65
isoartemisia 1062 tr tr 91, 83, 69, 55, 41
fenchone 1058 tr tr 109, 91, 81, 69, 53, 41
linalool 1098 61.7 62.9 139, 121, 109, 97, 93, 80
borneol 1162 8.5 6.4 136, 121, 110, 95, 81, 67
terpinen-4-ol 1175 tr tr 154, 136, 125, 111, 98, 93
a-terpineol 1189 2.0 tr 136, 121, 107, 93, 81, 71
cinnamaldehyde 1214 tr tr 131, 115, 103, 91, 87, 78
nerol 1226 0.2 0.2 139, 121, 111, 93, 81, 69
thymol methyl ether 1235 tr tr 139, 123, 111, 93, 81, 69
neral 1238 tr tr 135, 119, 109, 99, 95 81
geraniol 1253 tr tr 139, 123, 111, 93, 81, 69
linalyl acetate 1255 tr tr 135, 121, 105, 93, 80, 67
geranial 1268 tr tr 152, 137, 123, 109, 99, 95
eugenol 1354 5.7 5.4 164, 149, 103, 77, 55
a-copeane 1375 tr tr 105, 119, 161, 91, 81, 41
B-elemene 1391 tr tr 105, 93, 79, 67, 53, 41
B-caryophyllene 1423 tr tr 133, 105, 91, 79, 67, 41
tran-a-bergamotene 1435 tr tr 119, 93, 79, 69, 55, 41
a-caryophyllene 1454 43 4.0 204,147,121, 93, 80
ethyl cinnamate 1461 tr tr 176, 158, 147, 131,115,103
bicyclicgermacrene 1480 tr tr 209, 204, 189, 161, 147,133
B-bisabolene 1509 0.2 0.1 204, 189, 176, 161,147, 133
B-sesquiphel landrene 1523 tr tr 204, 161, 147, 133,120,105
acetyl eugenol 1523 tr tr 164, 149, 137, 131,121,103
1, 6, 10-dodacatrien-3-ol, 1534 tr tr 161, 105, 91, 69, 41
3, 7, 11-trimethyl
Elemicin 1553 tr tr 208, 193, 177, 165,150,133
Viridiflorol 1589 - tr 205, 161, 109, 95, 43
Torreyol 1643 - tr 161, 119, 105, 79, 43
Benzyl benzoate 1761 tr tr 212,194, 167, 152, 105, 91
TOTAL 98.9 99.4

3Compound are listed in order of elution from silica capillary column coated on CP-Sil 5; Pretention indices on fused silica capillary column
coated with CP-Sil 5; t= trace (<0.1%).
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Table 2:
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Anti-bacterial activity of leaf and fruit essential oils of Ocimum basilicum at 40mg/ml

Bacteria

Mean diameter Zone of inhibition
(mm) by 100ug/disc gentamicin

Mean diameter Zone of inhibition
(mm) by 40mg /ml of leaf oil

Mean diameter Zone of inhibition

(mm) by 40mg /ml of fruit oil

Gram — positive

Bacillus megaterium
Bacillus cereus
Streptococcus pyogenes
Staphylococcus epidermidis
Staphylococcus aureus
Gram — negative
Escherichia coli

Proteus mirabilis
Klebsiella pneumonia
Serratia marcescens
Pseudomonas aeruginosa

21.0+0.2
16 0.3
14+0.1

32+0.4
27.0+0.2
140+0.1

18+0.2
17+04
10+0.1

28.0+0.3
26.0+0.2
18.0+0.5

Values are means of three determinations + SD, --- Not active

Table 3: Anti-bacterial activity of leaf and fruit essential oils of Ocimum basilicum at varying concentrations

Leaf Fruit
Mean diameter zone of inhibition (mm) Mean diameter zone of inhibition (mm)

Bacteria 25mg/ml 5mg/ml 10mg/ml  20mg/ml  40mg/ml 2.5mg/ml 5mg/ml 10mg/ml 20mg/ml  40mg/ml
Bacillus 6+0.2 15+0.2 18+0.1 20+0.2 21+0.2 - 12+0.1 14+0.2 14+0.3 18+0.2
megaterium
Bacillus cereus - 7+0.3 11+0.2 13+0.1 16+0.3 - - - 13+0.2 17+0.4
Streptococcus - - 8+0.2 11+0.3 14+0.1 - 4+0.2 5+0.3 8+0.4 10+0.1
pyrogenes
Gram negative
Escherichia coli 16+0.2 20+0.4 25+0.3 28+0.1 32+0.4 10+0.3 20£0.1 23+04 24+0.3 28+0.3
Proteus mirabi - 16+0.3 20+0.1 23+0.2 2740.2 - 21+0.3 22+0.1 23+0.5 26+0.2
Lis
Klebsiella - 5+0.3 940.1 10+0.2 14+0.1 - - 13+0.3 15+0.2 18+0.5
pneumonia

Values are means of three determinations + SD, --- Not active
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Linalool (61.7%) was the most abundant
oxygenated monoterpene in the oil. 1,8-cineole (17.2%),
borneol (8.5%) and nerol (0.2%) were found in appreciable
quantities. Linalyl acetate, isoartemesia ketone, fenchone,
terpenen-4-ol, a-terpeneol, neral, geranial and geraniol were
detected in trace amounts. The principal hydrocarbon
sesquiterpene in the oil was a-caryophyllene (4.3%). B-
bisabolene (0.2%) was found in appreciable quantity. a-
copaene, B-elemene, trans-a-bergamotene, bicyclogerma-
crene, [B-sesquiphellandrene, pB-caryophyllene, 1,6,10-
dodecatrien-3-ol, 3,7,11-trimethyl existed in trace amounts.
Eugenol (5.7%) was the most abundant phenylpropanoid in
the oil. Meanwhile, benzyl alcohol, cinnamide aldehyde,
ethyl cinnamate, acetyl eugenol, elemicin, benzyl benzoate,
thymyl methyl ether were found in trace amounts.
Hydrocarbon and oxygenated monoterpenes constituted 1.7
and 88.2% of the fruit oil. Percentage composition of
hydrocarbon sesquiterpenes and phenylpropanoids were 4.1
and 5.4%. The most abundant hydrocarbon monoterpenes in
the fruit oil was p-pinene (1.3%). Other notable
hydrocarbons in the oil were; D-limonene (0.3%) and allo-
ocimene (0.1%). Linalool (62.9%) was the most abundant
oxygenated monoterpene in the fruit oil. 1,8-cineole
(18.7%), borneol (6.4%) and nerol (0.2%) were found in
appreciable quantities. Linalyl acetate, isoartemesia ketone,
fenchone, terpinen-4-ol, o-terpineol, neral, geranial and
geraniol were found in trace amounts. Predominant
hydrocarbon sesquiterpenes in the oil was a-caryophyllene
(4.0%). pB-bisabolene (0.1%) was found in appreciable
quantity. o-copaene, [B-elemene, trans-a-bergamotene,
bicyclogermacrene, B-sesquiphellandrene, [3-car-yophyllene,
viriflorol, torreyol, 1,6, 10-dodecatrien-3-0l,3,7,11-trimethyl
existed in trace amounts. Eugenol (5.4%) was the most
abundant pheylpropanoid in the oil. Meanwhile, benzyl
alcohol, cinnamaldehyde, ethyl cinnamate, acetyl eugenol,
elemicin, benzyl benzoate, thymyl methyl ether were not
detected in significant amounts.

Qualitatively, the composition patterns of the oils
were similar with respect to their constituents, except
viridiflorol and torreyol that were not detected in the leaf
oil. However, the quantities of the constituents vary
significantly in the oils. For instance, linalool, 1,8-cineole,
and B-pinene were found in higher proportions in fruit oil
than leaf oil. On the other hand, B-caryophyllene and
eugenol were of greater abundance in the leaf oil than fruit
oil. Interestingly, benzyl alcohol, cinnamaldehyde,
ethylcinnamate, acetyl eugenol, elemicin, benzyl benzoate,
thymyl methyl ether were found in trace amounts in both
oils. Comparison of the leaf oil with the leaf oil of South
west Nigerian grown Ocimum bacilicum showed that the
oils are of different chemotypes. The leaf oils obtained from
the two locations are of linalool and methyl carvicol
chemotypes respectively [18]. However, the oils shared
similar composition pattern with respect to the notable
constituents like linalool, eugenol and 1,8-cineole in the leaf
essential oil of Ocimum. basilicum grown in Northern
Carlifonia [33]. The sensitivity pattern of the bacteria to the
oils is presented in Tables 2 and 3. The essential oils
inhibited three of the Gram-positive bacteria with Bacillus
megaterium showing highest susceptibility at 2.5 and 5.0
mg ml™ of the leaf and fruit oils respectively. The MIC to
the leaf and fruit oils was 5.0 and 20.0 mg ml™ for Bacillus
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cereus and 10.0 and 5.0 mg ml™ for Streptococcus pyogenes
respectively. Staphylococcus epidermidis and
Staphylococcus aureus were resistant to the oil at all the
concentrations tested.

Among the gram-negative bacteria, Escherichia
coli showed the highest sensitivity with MIC at 2.5 mg ml™
of both leaf and fruit oils. Proteus mirabilis had the MIC of
50 mg ml* for the two oils while that of Klebsiella
pneumoniae was 5.0 and 10.0 mg ml™ respectively for the
leaf and fruit oils. The other bacteria showed no
susceptibility to the oils. The susceptibility obtained
indicates that the leaf and fruit essential oils of O.
bassilicum are active against the bacteria tested and do not
discriminate between Gram positive and Gram negative and
hence have therapeutic potentials for the ailment caused by
the organisms. Similar inhibitory property of the oils to both
Gram positive and Gram negative bacteria have been
reported [34].
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