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Abstract

The hydrodistilled essential oils from the flowers and leaves of Ocimum kilimandscharicum (R. Br.)
Guerke growing in Nigeria were analyzed by gas chromatography (GC) and gas chromatography-mass
spectrometry (GC/MS). Nineteen and thirteen constituents representing 98.0% and 99.6% of the flower
and leaf oils were identified, respectively. The major components of the flower oil were methyl eugenol
(40.4%), borneol (11.9%) and linalool (10.6%) while the leaf oil consisted mainly of methyl eugenol
(53.9%) and y-cadinene (16.2%). The antimicrobial activities of the oils were assayed against 12 local
bacterial isolates and one reference bacterium using agar-disc diffusion and microdilution-broth methods.
The results showed that the oils exhibited a wide range of antimicrobial activities. The mean zones of
inhibition (1Z) ranged between 7.3 + 1.5 and 15.1 £ 1.5 mm in the flower; and 9.3 + 1.7 and 24.7 £ 1.0
mm in the leaf. The minimum inhibitory concentrations (MIC) values varied between 1.25 and 10
mg/mL (flower) and between 0.16 and 10 mg/mL (leaf). A new chemotype of essential oil of Ocimum
kilimandscharicum is described.

Keywords: Ocimum kilimandscharicum, Lamiaceae, essential oil composition, methyl eugenol,
antimicrobial activity.

1. Introduction

Ocimum kilimandscharicum (R. Br.) Guerke, (Lamiaceae) is native to East Africa and
cultivated in other parts of the world. This species has a strong but less pleasant flavor. It is an
aromatic under shrub with pubescent quadrangular branchlets. This plant is easily recognized
by its shrubby habit, growing up to 2.44 m tall [, It has pale yellow flowers while the leaves
are ovate @, This plant attracted attention as a source of camphor. In traditional medicine, this
plant is widely used for the treatment of various ailments, including colds, coughs, abdominal
pains, measles and diarrhea. The leaves have found use in the treatment of congested chest,
cough and cold as well as a cure for measles 21,

Extracts of the plant have been shown to possess wound healing B, antioxidant ™, anti-
diarrheal B, antibacterial [, antinociceptive [l and antiamnesic 8 activities. In addition, it has
insect repellent 1, mosquito repellent [% 1 and oviposition deterrence 11 activities. The
essential oil was found to be toxic to insect pests ¢4 and possess antibacterial activities (5
161, The chemical constituents of O. kilimandscharicum populations grown in different parts of
the world have been investigated by many researchers. The main compounds of its volatile oils
include camphor [512.17-22,24,32-35] ' -pinene [34, 1,8-cineole [19.22. 23,29, 31-33] [inalool [19 22 23, 30],
limonene 5 26. 28, 301 eygenol B 34, methyl chavicol 139, B-bisabolene [ and (E) -a-
bisabolene [,

In continuation of our studies on the chemical composition of essential oils from aromatic and
medicinal plants growing in Nigeria [, the present investigation reports the chemical
composition and antimicrobial activity of essential oils of O. kilimandscharicum growing in
Lagos, Nigeria.
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2. Materials and methods

2.1 Plant collection

Fresh plant materials of O. kilimandscharicum were collected
from Igando, Alimosho Local Government Area, Lagos State,
Nigeria. Botanical identification of the plant material was
carried out at the Herbarium of Department of Botany,
University of Lagos, Akoka-Yaba, Lagos, Nigeria, where a
voucher specimen (LUH 5801) was deposited.

2.2 Extraction of essential oils

Air dried flowers (100 g) and leaves (300 g) of O.
kilimandscharicum were separately hydrodistillated in a
Clevenger-type apparatus for 3 h in accordance with the
British Pharmacopoeia specification B7. The distillate oils
were preserved in sealed sample tubes and stored under
refrigeration until analysis.

2.3 Gas Chromatography (GC) analysis

GC analysis was carried out on a Hewlett Packard HP 6820
Gas Chromatograph equipped with a FID detector and a DB-5
column (30 m X 0.25 mm id), film thickness was 0.25 um and
the split ratio was 1:25. The oven temperature was
programmed from 50 °C (after 2 min) to 240 °C at 5 °C/min
and the final temperature was held for 10 min. Injection and
detector temperatures were 200 °C and 240 °C, respectively.
Hydrogen was the carrier gas. An aliquot (0.5 pL of the
diluted oil) was injected into the GC. The peaks were
measured by electronic integration. A homologous series of n-
alkanes were run under the same conditions for determination
of retention indices.

2.4 Gas Chromatography-Mass Spectrometry (GC-MS)
analysis

GC-MS analysis of the oil was performed on a Hewlett
Packard Gas Chromatography HP 6890 interfaced with
Hewlett Packard 5973 mass spectrometer system equipped
with a DB-5 column (30m X 0.25 mm id, film thickness 0.25
pm). The oven temperature was programmed from 70- 240 °C
at the rate of 5 °C/min. The ion source was set at 240 °C and
electron ionization at 70eV. Helium was used as the carrier
gas at a flow rate of 1 ml/min. Scanning range was 35 to 425
amu. Diluted oil in n-hexane (1.0 uL) was injected into the
GC/MS.

2.5 Identification of Components

The components of the oils were identified based on the
comparison of their retention indices and mass spectra with
those standards, Wiley, 275 library mass spectra database of
the GC/MS system and published data [31,

2.6 Antibacterial activity

Ocimum kilimandscharicum essential oils were tested against
thirteen local isolates (two Gram-positive, seven Gram-
negative strains and three fungal) and one reference bacterial
strain obtained from the Department of Microbiology, Lagos
State University, Ojo, Lagos and Nigerian Institute of Medical
Research (NIMR), Yaba, Lagos, Nigeria, respectively. These
microbes were Bacillus subtilis, Staphylococcus aureus,
Citrobacter youagae, Escherichia coli, Escherichia coli
(ATCC 34523), Klebsiella spp., Micrococcus spp., Proteus
spp., Pseudomonas spp., Salmonella spp., Mucor mucedo and

Rhizopus stolonifer. The stock cultures were maintained at 4
°C in Mieller-Hinton agar (Oxoid, Germany).

2.6.1 Agar disc diffusion

Ocimum kilimandscharicum essential oils were tested for its
antibacterial potential by the agar disc diffusion method
according to established procedure 139, The microorganisms
were grown overnight at 37 °C in 20 mL of Mdeller-Hinton
broth (MHB). The cultures were adjusted with sterile saline
solution to obtain turbidity comparable to that of McFarland
no. 5 standard (1.0 x 108 CFU/mL. 90 mm Petri dishes
(Merck, South Africa) containing 12 mL of sterilized Mueller-
Hinton agar were inoculated with the microbial suspensions.
Sterile Whatman No.1 (6 mm) discs, papers were individually
placed on the surface of the seeded agar plates and 10 pL of
essential oil in dimethylsulfoxide (DMSO) was applied to the
filter paper disk. The plates were incubated at 37 °C for 24 h
and the diameter of the resulting zones of inhibition (1Z) was
measured. All tests were performed in triplicates. Gentamycin
was used as positive control, while hexane and DMSO served
as negative controls.

2.6.2 Minimum inhibitory concentrations

The minimum inhibitory concentrations (MICs) of the oils
were determined using 96-well microtiter dilution method as
described previously 0. Bacterial cultures were incubated in
Maller-Hinton broth overnight at 37 °C and a 1:1 dilution of
each culture in fresh MHB was prepared prior to use in the
micro dilution assay. Sterile water (100 pL) was pipetted into
all wells of the microtitre plate, before transferring 100 pL of
essential oil in DMSO. Serial dilutions were made to obtain
concentrations ranging from 10 mg/mL to 0.078 mg/mL. One
hundred pL of bacterial culture of an approximate inoculum
size of 1.0 x 108 CFU/mL was added to all well and incubated
at 37 °C for 24 h. After incubation, 40 uL of 0.2 mg/mL, p-
iodonitrotetrazolium violet (INT) solution was added to each
well and incubated at 37 °C. Plates were examined after about
30-60 min. of incubation. Microbial growth is indicated by the
presence of a reddish colour which is produced when INT, a
dehydrogenase activity detecting reagent, is reduced by
metabolically active microorganism to the corresponding
intensely colored formazan. MIC is defined as the lowest
concentration that produces an almost complete inhibition of
visible micro-organism growth in liquid medium. Standard
antibiotic (gentamycin) and solvent controls (DMSO and
hexane) were included in the assay.

2.6.3 Statistical analysis

The mean and standard deviation of three experiments were
determined. Statistical analysis of the differences between
mean values obtained for experimental groups were calculated
as a mean standard deviation (SD) of three independent
measurements using Microsoft excel program, 2003. Data
were subjected to one way analysis of variance (ANOVA). P
Values < 0.05 were regarded as significant and P values <
0.01 as very significant.

3. Results & Discussion

3.1 Essential oil composition

The yields obtained from the hydrodistillation procedures
were 0.23% (v/w) and 0.66% (v/w), calculated on a dry weight
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basis respectively for the flower and leaf oils. GC and GC-MS
analyses enabled the identification of nineteen and thirteen
compounds, respectively, accounting for 98.0% and 99.6% of
the total oil contents. Table | indicates the percentage
composition and the identities of the components identified in
order of their elution on the DB-5 column. Monoterpenes,
sesquiterpenes and phenylpropanoids were the main classes of
compounds present in both oils.

The major constituents of the oils were similar methyl eugenol
(40.4%), borneol (11.9%) and linalool (10.6%) from the
flower as well as methyl eugenol (53.9%) and y-cadinene
(16.2%) from the leaf. The other significant compound
includes y-cadinene (7.4%), limonene (4.1%), B-phellandrene
(3.4%) and y-terpinene (3.1%) from the flower oils while
borneol (7.2%), caryophyllene oxide (5.5%), linalool (4.5%)
and elemol (4.4%) could be found in the leaf. Except for the
quantitative amount of linalool, the major compounds of
previously investigated samples such as a-pinene, camphene,
limonene and camphor were present in much lower amounts in
this result while others such as 1, 8-cineole, eugenol, methyl
chavicol, p-bisabolene and  (E)-a-bisabolene  were
conspicuously absent. Interestingly, the major constituents of
the present results, borneol, methyl eugenol and y-cadinene
were not previously reported to be of significant quantities in
the essential oils of O. kilimandscharicum.

Ocimum kilimandscharicum populations grown in different
parts of the world have also been investigated by many
researchers (Table 2). In addition to the camphor chemotype
(12, 17-22, 24, 3235 - other chemotypes of O. kilimandscharicum
have also been reported. These were linalool/camphor/1,8-
cineole 119 22231 camphor/limonene [5 26. 28. 30 camphor/1,8-
cineole [31-331 1 8-cineole [33], linalool 3%, 1,8-cineole/eugenol
130, 1,8-cineole/methyl chavicol/eugenol B9, 1,8-cineole/ B-
bisabolene/(E)-a-bisabolene % and  1,8-cineole/methyl
chavicol/B-bisabolene [3 types. In addition, an oil sample was
reported to contain multiple amounts of
camphor/eugenol/limonene/o-pinene 4. The present study
also identified another chemotype rich in multiple components
namely methyl eugenol/borneol/linalool/y-cadinene for the
first time. The presence of methyl eugenol, borneol and y
cadinene in this study and quantitative and qualitative

divergence from the previous results from other regions may
be due to the geographical, climatic and soil conditions, which
in turn may affect the composition and other secondary
metabolites of the plant. Also, since the oils have the potential
as a source of methyleugenoal, it could be used in food and
perfume industries 1,

3.2 Antimicrobial activity

The antimicrobial screening of O. kilimandscharicum essential
oils are summarized in Table 3. The results indicated that the
flower oil (1Z; 7.3 £ 1.5 - 15.7 £ 1.5 mm and MIC; 2.5 - 10.0
mg/mL) had weak to moderate activity while the leaf oil (1Z;
9.7 £ 1.2 - 247 £ 1.0 mm and MIC; 0.16 — 5.0 mg/mL)
displayed better activity against the tested microorganisms.
Although, both oils exhibited some inhibitory activities
against most of the organisms tested, however, the Gram-
negative bacteria C. youagae, Klebsiella spp., Proteus spp.,
Salmonella spp. and a fungus P. notatum appeared to be the
most resistant organisms. Comparing these results against
standard antibiotic (gentamycin, 1Z; 13.7 +£2.1- 13.7 £ 2.1 mm
and MIC; 0.31- 250 mg/mL), the leaf oil appeared to
displayed greater activity against S. aureus, E. coli and E. coli
(ATCC 34523) while, the flower oil also flaunted similar
action towards E. coli, E. coli (ATCC 34523) and
Pseudomonas spp. The present findings are in agreement with
previous reports on antimicrobial activity of O.
kilimandscharicum essential oils [24 25 27.32,

The antimicrobial potential of the studied essential oils of O.
kilimandscharicum may be attributed to the presence of
methyl eugenol which has been reported to possess
antimicrobial activity 44 as well as a synergy between this
compound and other ones (borneol, linalool and y-cadinene)
that were already known to have antimicrobial effects 15471,
Nevertheless, the presence of minor components such as
caryophyllene oxide, elemol, a-eudesmol, limonene and o-
pinene might also play a role in the antimicrobial activity of
the oil samples [42-44. 48],

3.3 Tables

Table 1: Chemical composition of essential oils of O. kilimandscharicum

a Percentage composition (%)
Compounds RI (Cal.) RI (Lit.) Flowers Leaves
a-Thujene 935 924 0.4 -
a-Pinene 938 932 1.1 0.1
B-Pinene 976 974 - 0.3
Camphene 951 946 1.2 -
Limonene 1028 1024 4.1 1.2
B-Phellandrene 1032 1025 34 -
y-Terpinene 1062 1054 3.1 -
Linalool 1100 1095 10.6 45
Camphor 1141 1141 0.1 0.2
Borneol 1165 1165 11.9 7.2
Methyl eugenol 1411 1403 40.4 53.9
y-Muurolene 1474 1478 1.9 -
y-Cadinene 1513 1513 7.4 16.2

~ 43~
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§-Cadinene 1521 1522 - 2.6
Elemol 1546 1548 1.0 44
Caryophyllene oxide 1589 1582 1.8 55
Viridiflorol 1591 1592 1.0 1.7
Guaiol 1610 1600 2.3 -
a-Eudesmol 1651 1652 2.9 1.8
Bulnesol 1664 1670 2.3 -
Kaur-16-ene 2031 2043 1.1 -
Total 98.0 99.8
Monoterpene hydrocarbons 13.3 1.8
Oxygenated monoterpenes 22.6 11.9
Sesquiterpene hydrocarbons 9.3 18.8
Oxygenated sesquiterpenes 11.3 13.4
Phenylpropanoids 40.4 53.9
Diterpenes 1.1 -

2Elution order on DB-5 column; RI (Cal.) = Retention indices relative to Co-C24 n-alkanes on the DB-5 column; Literature retention indices;
Not determined.

Table 2: Summary of the major chemical composition of essential oils of O. kilimandscharicum from literature

Origin/Part Blo_lo_glcal Major constituents References
activity

USA (L, FI) | - 1,8-cineole (10.18-6.38%), linalool (41.94-58.85%) and camphor (17.02-15.82%) 26

7 (Sd) Antioxidant camphene (7.32%), dl-limonene(13.56%) and camphor (56.07%) 5

o Antibacterial camphor (63.4-64.9%), limonene (7.9-8.7%), camphene (5.8-6.4%), and y-terpinene

28

(4.7-0.6%)

o i camphor (46.14%), eugenol (14.43%), 1-8 cineole (7.20%), limonene (13.08%), a- 38
pinene (12.25%) and camphene (7.0%)

o i camphor (45.9%), followed 1,8-cineole (14.6%) and limonene (8.1%) and camphene 35
(5.5%)

Canada - camphor (78.3%) and 1, 8-cineole (4.4%) 23

“ - linalool (53.1%), camphor (19.3%) and 1, 8-cineole (10.2%) 23

Germany Antibacterial camphor (56.9%), 1, 8-cineole (14.63%) and terpinen-4-ol (6.09%) 36

Tanzania “ camphor (52.4%), limonene (7.1) and camphene (5.4%). 29

india i camphor (winter 48.9%, summer 58.9%), 1,8-cineole (winter 22.2%, summer 37
14.8%), and limonene (winter 5.5%, summer 5.6%)

“ - camphor (71%) 24

Rwanda - 1,8-cineole (62.2%) 39

Brazil - camphor (35.2%), limonene (16.5%) and camphene (8.12%) 30

India Antifungal camphor (66.5%), limonene (6.6%) and camphene (5%) 31

India Insecticidal Camphor 16

India (L) - linalool (41.94%), camphor (17.0%) and 1,8-cineole (10.18%) 27

India (FI) - linalool (58.85%), camphor (15.82%) and 1,8-cineole (6.38%) 27

“ - camphor (57.87%) 25

“ - camphor (53.89%), limonene (10.5%) and camphene (4.5%) 32

“ - linalool (84.1%), camphor (6.0%), and (E)-caryophyllene (2.0%) 34

o i camphor (43.5-64.9%), limonene (8.7-29.8%), o
and camphene (0.0-6.4%)

o i eugenol (4.5-52.4%), methyl chavicol (7.7-23.3%), B-bisabolene (4.5-22.9%), 1,8- o
cineole (14.4-20.9%), and (E)-a--bisabolene (3.0-10.9%)

India - camphor (64.9%), limonene (8.7%), camphene (6.4%) and (E)-p-ocimene (3.0%) 33

L, leaves; Fl, flowers, Sd, seeds; - not known
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Table 3: Antimicrobial activity of O. kilimandscharicum essential oils

Microorganisms Flower Leaf Gentamycin

1z2 MICp 1z MIC 1z MIC

B. subtilis 13.0+15 2.5 153+17 1.25 23.7+15 0.31

S. aureus 13.7+15 1.25 247+10 0.16 243+15 1.25

C. youagae 73+15 10 10.0+12 5 20.3+0.6 0.63

E. coli 143+15 2.5 17.7+10 1.25 15.7+1.2 1.25

E. coli (ATCC) 15.7+15 1.25 20.3+12 0.31 13.7+21 2.5
Klebsiella spp. 15.0+15 2.5 16.3+1.7 1.25 23.7+15 0.31
Micrococcus spp. 120+15 25 10.7+1.0 5 243+15 1.25
Proteus spp. 8715 10 11.7+12 5 20.3+0.6 0.63
Pseudomonas spp. 133+15 5 11.0+1.0 5 157+1.2 1.25
Salmonella spp. 9.0+15 10 9.7+1.2 5 13.7+2.1 2.5
M. mucedo 12.7+15 2.5 13.3+17 2.5 23.7+15 0.31

P. notatum 10.0+1.0 5 9317 10 23.7+15 0.31

R. stolonifer 11.0+0.0 2.5 12.7+10 1.25 243+15 1.25

a1Z: Inhibition zones diameter (mm) including diameter of sterile disc (6 mm), with values given as mean * SD (3 replicates); ° MIC values are
givenas (mg/mL); ATCC = American Type Culture Collection. ¢ Methanolic solutions of Gentamycine - 5ug/ml.

4. Conclusions

The

phytochemical analysis of essential oil of O.

kilimandscharicum led to the delineation of a new chemotype
which is hitherto unknown. In addition, the antimicrobial
activity of essential oils may suggest the use of the plants and
its products as phytopharmaceutical.

5. References

1.

Gill D, Soni N, Sagar B, Raheja S, Agrawal S. Ocimum
kilimandscharicum: A systematic review. Journal of Drug
Delivery and Therapeutics 2012; 2(3):45-52.

Sonia V, Preeti K. Pharmacological activities of different
species of Tulsi. International Journal of Biopharm &
Phytochemical Research 2012; 1(1):21-39.

Mahesh SP, Patil MB, Ravi K, Sachin RP. Evaluation of
aqueous extract of leaves of Ocimum kilimandscharicum
on wound healing activity in albino wistar rats.
International Journal of Pharmaceutical Technology
Research. 2009; 1(3):544-550.

Santosh KS, Ankur A, Satish KV, Md Aslam S, Abhishek
M, Sonia S. Analysis of phytochemical and antioxidant
potential  of  Ocimum  kilimandscharicum  Linn.
International Journal of Current Pharmaceutical Research.
2011: 3(2):40-46.

Sarin RV, Narwal S, Bafna PA. Anti-diarrhoeal activity of
aqueous extract of Ocimum kilimandscharicum. Journal of
Ethnopharmacology 2013; 148(1):223-228.

Shinde K, Shinde V, Mahadik K, Gibbons S.
Phytochemical and antibacterial studies on Ocimum
kilimandscharicum. Planta Medica 2010; 76(Suppl.
1):1295.

Peter WM, Stanley W, David KK, Paul MM, Titus IK.
Antinociceptive activities of the ethanolic extracts of
Ocimum kilimandscharicum Baker ex. Giirke and Ocimum
kenyense Ayob. Ex. A.J. Paton leaves. International
Journal of Phytopharmacology 2012; 3(1):1-4.

Sonia V, Preeti K. Comparative Evaluation of antiamnesic
activity with different species of Tulsi. Journal of
Pharmaceutical and Biomedical Research. 2011; 1(5):126-
131.

10.

11.

12.

13.

14.

15.

16.

17.

~ 45~

Seyoum A, Killeen GF, Kabiru EW, Knols BG, Hassanali
A. Field efficacy of thermally expelled or live potted
repellent plants against African malaria vectors in
Western Kenya. Tropical Medicine and International
Health 2003; 8(11):1005-1011.

Eliningaya JK, Hassan MN, Lucile L, Epiphania
EK, Beda JM, Aneth MM. Efficacy of Ocimum
kilimandscharicum plant extracts after four years of
storage against Anopheles gambiae. Journal of Cell and
Animal Biology 2009; 3(10):171-174.

Eliningaya JK, Ester EL, Michael AM, Beda JM, Aneth
MM. Oviposition deterrence induced by Ocimum
kilimandscharicum and Ocimum suave extracts to gravid
Anopheles gambiae (Diptera: Culicidae) in Laboratory.
Journal of Global Infectious Disease 2010; 2(3):242-245.
Olfat ASM, Radwan |I. Isolation and identification of the
active compounds in essential oil of Ocimum
kilimandsharium and their insecticidal activity against
warm cotton leaf. Journal of Biology Chemistry and
Environmental Science. 2010; 5(3):806-814.

Bekele J, Hasannali A. Blend effects in the toxicity of the
essential oil constituents of Ocimum kilimandscharicum
and Ocimum kenyense (Labiateae) on two post-harvest
insect pests. Phytochemistry 2001; 57(3):385-391.

Ofori DO, Reichmuth CH, Bekele AJ, Hassanali A.
Toxicity and protectant potential of camphor, a major
component of  essential oil of  Ocimum
kilimandscharicum, against four-stored product beetles.
International Journal of Pest Management. 1998; 44(4):
203-209.

Savita GA, Sanjay G. Comparative analysis of
antimicrobial activity of essential oil of Ocimum
kilimandscharium. Asian Journal of Pharmaceutical and
Clinical Research. 2012; 5(Suppl. 1):53-55.

Sharma SM, Bhadange DG. Antimicrobial potential of
Lamiaceae  members.  International  Journal  of
Pharmaceutical Sciences. 2103; 3(5):324-327.

Ribeiro DJ. Camphor production from Ocimum
kilimandscharicum Guerke. Journal of Scientific and
Industrial Research. 1950; 9B:281-282



American Journal of Essential Oils and Natural Products

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Heber WY, William EH. Jr. Studies on the camphor basil,
Ocimum kilimandscbaricum Giirke. Journal of the
American Pharmaceutical Association 1948; 37(9):360-
363.

Roberto FV, James ES. Chemical characterization of basil
(Ocimum spp.) based on volatile oils. Flavour and
Fragrance Journal 2006; 21(2):214-221.

Singh LB, Sharma ML. Camphor from the essential oil of
Ocimum kilimandscharicum cultivated in alkaline soils.
Riechst Aromen Korperpflegem 1970; 20(4):389-390.
Vinutha T, Srikar LN. Essential oil composition of

Ocimum sanctum and Ocimum kilimandscharium
inoculated with biofertilizers. Indian Perfumer 2007;
51(1):60-62

Anand AK, Manindra M, Zafar HS, Akash S. Essential oil
composition and antimicrobial activity of three Ocimum
species from Uttarakhand (India). International Journal of
Pharmacy and Pharmaceutical Sciences 2011; 3(5):223-
225.

Charles DJ, Simon JE. Essential oil constituents of
Ocimum kilimandscharicum Guerke. Journal of Essential
Oil Research 1992; 4(2):125-128.

Ram SV, Pawan SB, Rajendra CP, Dharmendra S, Amit
C. Chemical composition and antibacterial activity of
essential oil from two Ocimum spp grown in sub-tropical
India during spring-summer cropping season. Journal of
Traditional Medicines 2011; 6(5):211-217.

Runyoro D, Ngassapa O, Vagionas K, Aligiannis N,
Graikou K, Chinou I. Chemical composition and
antimicrobial activity of the essential oils of four Ocimum
species growing in Tanzania. Food Chemistry 2010;
119(1):311-316.

Codignola A. Ocimum kilimandscharicum Gurke, a
camphorated basil of pharmaceutical interest. Essenzial
Derivatives Agrumen. 1984; 54(2):91-101.

Pragadheesh VS, Arvind S, Anju Y, Samad A, Chanotiya
CS. Compositions, enantiomer characterization and
antifungal activity of two Ocimum essential oils. Industrial
Crops and Products 2013; 50(4):333-337.

Garg SN, Naqgvi JRB, Khanuja SPS. Composition of the
essential oil of Ocimum kilimandscharicum leaf. Indian
Perfumer 2004; 48(1):47-49.

Padalia RC, Verma RS. Comparative volatile oil
composition of four Ocimum species from northern India.
Natural Product Research 2011; 25(6):569-575.

Ram SV, Rajendra CP, Amit C, Sanjog TT. Exploring
compositional diversity in the essential oils of 34 Ocimum
taxa from Indian flora. Industrial Crops and Products.
2013; 45(1):7- 19.

Joshi RK. Chemical composition of the essential oil of
Camphor Basil (Ocimum kilimandscharicum Guerke).
Global Journal of Medicinal Plant Research 2013; 1(2):
207-209.

Klaudija CS, Sandi O, Olivera P, Frane S, Ivan K, Mladen
M et al. Composition and antibacterial activities of
essential oils of seven Ocimum taxa. Food Chemistry
2010; 119(1):196-201.

Narendra K, Rajani S, Chanotiya CS, Anju Y, Singh AK,
Bagchi GD. Effect of seasons and drying on the essential
oil composition of leaf in Ocimum kilimandscharicum
Guerke. Journal of Essential Oil Research 2009; 21(5):

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

~ 46 ~

400-402.

Arora P, Nanda A, Karan M. GC-MS profile of volatile
oils of Cinnamomum Zeylanicum Blume and Ocimum
kilimandscharicum Baker ex Gurke. International Journal
of Pharmaceutical Sciences and Review Research 2013;
19(2):124-126.

Ntezurubanza L, Scheffer JJC, Looman A, Baerheim AS.
Composition  of  essential oil of  Ocimum
kilimandscharicum grown in Rwanda. Planta Medica.
1984; 50(4):385-388.

Lawal OA, Ogunwande IA, Salvador AF, Sanni AA,
Opoku AR. Pachira glabra Pasg. Essential oil: Chemical
constituents, antimicrobial and insecticidal activities.
Journal of Oleo Science 2014; 63(6):629-635.

British Pharmacopoeia Il. P.A. 109, H.M. Stationary
Office, London, 1980.

Adams RP. Identification of Essential Oil Components by
ion trap mass spectroscopy. Academic Press, New York,
2007.

Nevas M, Korhonen A, Lindstrom M, Turkki P, Korkeala
H. Antibacterial efficiency of Finnish spice essential oils
against pathogenic and spoilage bacteria. Journal of Food
Protection 2004; 67(3):199-202.

Eloff JN. A sensitive and quick microplate method to
determine the minimal inhibitory concentration of plant
extracts for bacteria. Planta Medica 1998; 64(5):711-713.
Halcon L, Milkus K. Staphylococcus aureus and wounds:
A review of tea tree oil as a promising antimicrobial.
American Journal of Infection Control 2004; 32(7):402-
408.

Mourey A, Canillac N. Anti-Listeria monocytogenes
activity of essential oils components of conifers. Food
Control 2002; 3(45):289-292.

Viljoen A, Vuuren SV, Ernst E, Klepser M, Demirci B,
van Wyk B. Osmitopsis asteriscoides (Asteraceae)-the
antimicrobial and essential oil composition of a Cape-
Dutch remedy. Journal of Ethnopharmacology 2003;
88(2,35):137-143.

Ho C, Wang EI, Wei X, Lu S, Su Y. Composition and
bioactivities of the leaf essential oils of Cinnamomum
subavenium Mig. from Taiwan. Journal of Essential Oil
Research 2008; 20(4):328-334.

Mazzanti G, Battinelli L, Salvatore G. Antimicrobial
properties of the linalol-rich essential oil of Hyssopus
officinalis L. var decumbens (Lamiaceae). Flavour and
Fragrance Journal 1998; 13(5):289-294.

Tomczykowa M, Leszczynska K, Tomczyk M,
Tryniszewska E, Kalemba D. Composition of the
essential oil of Bidens tripartita L. roots and its
antibacterial and antifungal activities. Journal of
Medicinal Food 2011; 14(4):428-433.

Runyoro D, Ngassapa O, Vagionas K, Aligiannis N,
Graikou K, Chinou I. Chemical composition and
antimicrobial activity of the essential oils of four Ocimum
species growing in Tanzania. Food Chemistry 2010;
119(1):311-316.

Tzakou O, Pitarokili D, Chinou IB, Harvala C.
Composition and antimicrobial activity of the essential oil
of Salvia ringens. Planta Medica 2000; 67(1):81-83.



