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1 SUMMARY

Essential oils obtained by hydrodistillation of the leaves of Ocimum canum (Camphor basil)
and Ocimum basilicum (Sweet basil) were analyzed and their residual activity on adult
Anopheles funestus ss determined. The extraction yields showed that the leaves of Ocimum
canum are four times richer in essential oil (0.44%) than those of Ocimum basilicum (0.11%).
Analysis by (GC) and (GC / MS) revealed that these oils are monoterpenic (83.4 to 92.4%). The
oxygenated monoterpenes are predominant in the essential oil of Ocimum canum (63, 3%),
while the monoterpene hydrocarbons are mainly in essential oil of Ocimum basilicum (56.2%).
The major components identified in essential oil of O. canum are linalool (53.8%) and limonene
(22.2%). The essential oil of O. basilicumis distinguished by the predominance of compounds
such as linalool (18.9%), limonene (30.9%) and B-phellandrene (15.3%). Bioassay tests done by
the World Health Organization standard protocol revealed that these essential oils have
remarkable adulticidal properties on An. funestus ss. The essential oil of O. canum (L.C50 =
45.61 ppm, one hour after exposure piece of nets to product) is the most efficient, followed by
the essential oil of O. basilicum (LC50 = 84ppm). Besides, these studies have shown that the
effectiveness of these species decreases significantly with time (LC50 for O. canum = 45.61,
62.53, 311.23 respectively one hour, five days and 10 days after exposure piece of nets to the
product. LC50 for O. basilicum = 84;171.7, 397respectively one hour, 5 days and 10 days after
exposure piece of nets to the product). This result explains the low residue activity of these
species on adult females of An. funestus. This low residue would be the fact of the highly
volatile molecules of these species, and allows guiding insecticidal use of these essential oils in
the form of aerosol bombs.

2 INTRODUCTION:

The use of plants in the fight against insects has some regions of sub-Saharan Africa (Brahim ez
been long known (Crosby e al, 1966). The al, 20006). This control practice today has
pyretre, nicotine, rotenone and tobacco have long renewed interest with many problems posed by
been used as control agents against insects in the use of synthetic insecticides in vector control
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campaigns. Indeed, besides their high cost,
synthetic insecticides have a broad spectrum of
action and generally act on non-target organisms
(Barbouche e# al., 2001). They also cause some
resistance in treated insects (Georghiou ef al.,
1975; Sinegre et al., 1977). Insect resistance to
insecticides commonly used would be one of the
causes of the upsurge of diseases transmitted by
insects such as yellow fever, trypanosomiasis and
malaria in tropical Africa. In the specific case of
malaria, several studies in Cameroon have
demonstrated the phenomenon of vector
resistance to pyrethroids (Biboga et al., 2007;
Etang ez al., 2007, 2006 and 2003; Chouaibou e#
al., 20006). This makes the epidemiological
situation of malaria in this country worrying
despite significant curative and preventive
measures taken by the authorities to control the
disease. Thus, to overcome the problems posed
by these chemical formulations, the establishment
of new alternatives to control mosquitoes is
further encouraged. Several studies in this sense
carried out in Cameroon have underlined the role
played by the essential oils of plants from the
African pharmacopoeia in the fight against

3 MATERIAL AND METHODS

3.1 Plant harvesting, extraction and chemical
analysis of essential oils: The plant material was
collected in June 2009 in an experimental field of the
city of Douala (Cameroon). The identification of
collected specimens was made at the National
Herbarium in Yaoundé (Cameroon) under the
following numbers: Ocizzum basilicum (6899SRFcam)
Ocimum  canum  (13497SRFcam)  Capsicum — annuum
(43073/HNC). Fresh leaves of Ocimum plants have
previously been washed with water source, cut then
subjected to hydrodistillation using a Clevenger type
apparatus during 5 h (Table 1). The essential oil
gathered by decantation at the end of the distillation
was filtered on a column of anhydrous sodium sulfate
and then introduced into dark glass bottles tightly
closed and stored in a refrigerator at about 4 ° C. Gas
chromatography and gas chromatography — mass
spectrometry (GC and GC-MS) analyses were carried
out using an Agilent 6890N gas chromatograph
apparatus equipped with a flame ionization detector
(FID) and coupled to a quadrupole Agilent 5973
network mass selective detector working in electron

mosquitoes. Recently, the insecticidal properties
of essential oils of Capsicum annunm (Pipper),
Zingiber officinale (Common ginger) and Pizper
nigrum (Black pepper) have been demonstrated in
all stages of _Anopheles gambiae sl (Foko et al.,
2011). Before, Njan Loga et al. (2007) have
demonstrated the effectiveness of essential oils
from six local plants on Angpheles gambiae adult.
Akono et al. (2012) have then tested the
effectiveness of Ocimum basilicum and O. canum
essential oils on female adult of Anapheles funestus
ss. However, for more successful control
operations from essential oils, further work
aiming to assess the duration of residue of
volatile essences should be conducted. Such work
which unfortunately are not common in the
literature, help to inform the user of essential oils
for better efficiency of the latter during the
vector control operations.

This work aims to determine the chemical
composition and to assess the duration of residue
of essential oils of plants of Ocimum canum Sims
and Ocimum bastlicnm L. on adult female Anopheles
Sfunestus ss.

impact mode at 70 eV (scanning over 35-350 amu
range). The gas chromatograph was equipped with
two fused silica capillary columns HP-1 (PDMS, 50 m
% 0.2 mm i.d., film thickness: 0.33 pm). The analytical
parameters (identical for GC and GC-MS analyses
unless specified) were the following: The carrier gas
was helium at a flow rate of 1 mL/min. The oven
temperature was programmed from 60 to 250 °C at 2
°C/min and held isothermal for 40 min. The injector
(split mode, ratio 1/100) temperature was 250 °C.
The FID temperature was set at 250 °C, and in the
GC-MS analyses, the temperatures of the ion source
and transfer line were 170 and 280 °C, respectively.
To remove some coelutions, another series of analysis
were performed with the same analytical parameters
as above, but with a HP-5 capillary column. In both
cases, Retention indices (RI) were determined from
the retention times of a series of n-alkanes with linear
interpolation. The constituents of the essential oil
were identified by comparison of their mass spectral
pattern and retention indices (RI) with those of pure
compounds registered in commercial libraries and
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literature data and with a laboratory-made database
built from authentic compounds. Quantitative data
were obtained by internal standardization using

nonane as internal standard. For a given compound,
its relative response factor (RRF) was predicted
according to its chemical class (Costa ¢ al., 2008).

Table 1: Data on the extraction of essential oils from plants studied

Plant Harvesting Essential oils Extraction
yield (%)
Family Specie Organ  Mass Place Date Color Mass
® ©®
Lamiaceae Ocimum leaf 16350 Douala  8/06/09 Light 71,77 0,44
cannm Sims yellow
Lamiaceae Ocimum leaf 16350 Douala 14/06/09 Light- 18,99 0,11
basilicum L yellow
3.2 Rearing oflarvae of An. funestus ss: Strain dry piece of mosquito net was finally set on the basis

of An. funestus ss used in these tests was those
domesticated at the insectary of the Laboratory of
Zoology, University of Yaoundé I (Cameroon). The
larvae were reared in plastic boxes (20x10x10 cm).
Larval density was 100 larvae for 100cl water source.
The food used was a tetra baby fish food according to
Desfontaine (1991). Pupae obtained were introduced
in cubic cages (30x30x30 cm) wrapped in a mosquito
net each, while awaiting a possible emergency. Adults
obtained were fed with a 10% sucrose solution. The
average temperature inside the insectary, kept
constant by continuously operating radiator, was 28.2
°C £ 0.9 ° C with a relative humidity of 80%.

3.3 Adulticidal tests and determination of the
duration of residue of essential oils: Adulticidal
tests took place in November 2009 at the Insectarium
Nkolbisson (Yaoundé) according to the standard
protocol of the World Health Organization (1985).
From the crude essential oil of each sample of plant
and varying amounts of acetone (organic solvent),
following test concentrations were obtained: 250
ppm, 200 ppm, 150 ppm, 100 ppm, 50 ppm. Pieces of
mosquito net were cut to the size of 0.03 m? one.
Twelve (12) pieces were used in this experiment due
to 6 fragments corresponding to the 5 essential oil
concentrations and the control piece. Each piece of
net was introduced in the diluted solution, then after
15 minutes of impregnation, it was removed and
spread out on a bench. Drying lasted 45 minutes. The

4 RESULTS

4.1 Essential oils yields: The hydrodistillation
of O. canum and O. basilicum leaves, of equal masses
(16 350g) shows that the leaves of O. canum are four
times richer in essential oil than those of O. basilicum.
These essential oils are all light yellow color (Table 1).

of an OMS- cone with adhesive tape. The whole was
mounted in a wooden device which the inclination
angle with the normal is about 45 °. Twenty adult
temale Anopheles funestus ss were removed from the
cages and then introduced into each cone whose
upper openings were immediately clogged with cotton
wool to prevent the release of mosquitoes. Three
minutes after contact with the piece of net, female
mosquitoes was introduced using a mouth aspirator in
plastic cups covered piece of mosquito not
impregnated. These mosquitoes were fed a 10%
sucrose solution. Mortality of adult mosquitoes was
observed after 24 hours. For each concentration of
essential oil, the tests were repeated 7 times to
minimize errors and have an effective statistically
acceptable. The base of the witness cone was covered
with a mosquito net impregnated fragment only with
acetone. At the end of the experiment, the
impregnated pieces of mosquito nets were kept each
in a dry Petri dish and kept open in order to evaluate
their length residue effect on the adult female
Anopheles funestus ss. Residue effect tests were held for
15 days to the rhythm of one test every 5 days
according to the protocol described above. The four
tests were held 1 hour, 5 days, 10 days and 15 days
after impregnation of pieces of mosquito net to
different concentrations of diluted essential oils. Each
test was also repeated 7 times.

4.2 Chemical analysis of essential oils:
Chemical analysis shows that the sample of essential
oil from the leaves of O. canum is composed of 15
molecules  divided into class monoterpene
hydrocarbons (9 molecules) and that of sesquiterpene
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hydrocarbons (6 molecules). This volatile oil is mainly
monoterpene (92.4%), with a preponderance of
oxygenated compounds (63.3%) dominated by
linalool (53.8%) (Table 2). The essential oil from the
leaves of O. basilicum includes 23 molecules divided
into class monoterpene hydrocarbons (14 molecules)
and that of sesquiterpene hydrocarbons (9 molecules).

Table 2: Chemical composition of the essential oil from

This essential oil is dominated by monoterpenes
(83.4%); with a proportion of hydrocarbon
monoterpenes (56.2%) far exceeds that of oxygenated
monoterpenes (27.2%). The main constituents are
limonene (30.9%) and B-phellandrene (15.3%) for the
hydrocarbon fraction, linalool (18.9%) and thymol
(6.5%) for the oxygenated fraction (Table 3).

the leaves of Ocwmzum: canum.

Monoterpenes Sesquiterpenes
Hydrocarbon Oxygeneated Hydrocarbon Oxygenated
(29,1%) (63.3%) (4,6%) (2,4%)
a-Thujene (1,1%)
a-Pinene (0,7%) x-Copacne (0,1%)
Campheéne (0,1%) B-Eléméne (1,9%)
B-pinéne (0,1%) B-Caryophyllene
(1,8%)
Limonene (22,2%) Eugénol (9,5%) Germacréne D (0,7%) (E(Z—ioa/r;linol
470
y-Terpinéne (1,3%) Linalol (53,8%) 8-Cadinene (0,1%)
Terpinoléne (3,6%)
Total 92,4% 7%
Table 3: Chemical composition of essential oil from leaves of Ocimum basilicum.
Monoterpenes Sesquiterpenes
Hydrocarbon (56,2%) Oxygenated Hydrocarbon Oxygenated
(27.2%) (12,4%) (2,6%)
a-Thujene (0,9%)
a-Pinene (0,3%)
Camphene (2,1%) a-Copacne (3,9%)
Sabinéne (0,3%) B-Eléméne (1,8%)
B-Pinéne (0,8%) Linalol (18,9%) B-Caryophyllene a-Cardinol
(0,4%) (2,6%)
p-Cymene (2,6%) Thymol (6,5%) Germacrene D (1,1%)
B-Phéllandreéne (15,3%) Carvacrol (1,8%) B-Bisaboleéne (0,3%)
Limonene (30,9%) (E, E)-a-Farnéséne
(2,1%)
(2)-B-Ocimene (2,1%) 8-Cadinene (1,0%)
(E)-B-Ocimene (0,6%) o-Cadinéne (1,8%)
Terpinoléne (0,3%)
Total 83,4% 15%
4.3 Residue activities of essential oils on decline significantly with elapsed time after exposure

Anopheles funestus adults: Tables 4 and 5 show
that the average number mortality of adult female of
An. funestus vary with the concentration and the
clapsed time after exposure of piece of mosquito net
in diluted solutions of essential oils. Indeed, the
Kruskal Wallis H test performed with SPSS 19.0
software shows that the average number of mortality

2857

of mosquitoes to essential oil (p <0.0001 for O.
basilicum and p <0.0001 for O. canum) and increased
significantly with concentration (p <0.0001 for O.
basilicumm  and  p <0.0001 for O. canum). The
exploitation of the regression lines (Figures 1 and 2)
obtained from the simplified table of Henry that
transforms  mortality percentages of female
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mosquitoes in probit has allowed to identify lethal exposure pieces of mosquito net to the product. This
concentrations (LC50) of diluted solutions of essential result shows a remarkable loss of efficiency of pieces
oils capable of inducing 50% mortality of female of mosquito net after 15 days and translates to the
mosquitoes. Table VII shows that for the same low residue of essential oils studied.

essential oil, LC50 increase with elapsed time after

Table 4 : Mortality (24h) of adult female of Anopheles funestus depending on the duration of residue of pieces of
mosquito net impregnated with diluted solutions of O. canum essential oil (Kruskal Wallis H test, P <0.05)

Tests
Concentrations Day1 Day 5 Day 10 Day 15 H P
(ppm)
250 20%0 20£0 11£0.81 210.81 26.153 <0.0001
200 200 16x0.81 7.85+0.89 1£0.81 25.869 <0.0001
150 16.57£0.53 14.14£1.06  6.42%0.53 0.02£0.01 25.356 <0.0001
100 16.28%0.75 13£0.57 5.85+0.89 0.02£0.02 25.618 <0.0001
50 16+1.15 12+1 5+0.57 0.02%0 25.978 <0.0001
0 0£0 0£0 0.14£0.37 0£0 3.000 0.392
H 26.338 30.325 28.917 25.942 - -
p <0.0001 <0.0001 <0.000 <0.000 - -

Average of 7 tests each covering 20 mosquito adults

Table 5 : Mortality (24h) of adult female of Anopheles funestus depending on the duration of residue of pieces of
mosquito net impregnated with diluted solutions of O. basilicum essential oil (Kruskal Wallis H test, P <0.05)

Tests
Concentrations Day 1 Day 5 Day 10 Day 15 H P
(Ppm)
250 20%0 13%0.81 8.42£0.97 0£0 24.11 <0.0001
200 17.28%1.38 10£1.15 6.85+0.89 00 23.735 <0.0001
150 15.14£1.06  9.42+0.53  5.14£0.69 00 24.008 <0.0001
100 81+0.81 6.85+£0.89  4.42%0.97 00 22.8 <0.0001
50 6.42+0.78  3.14%1.06  2.42%0.53 00 21.774 <0.0001
0 0.14%0.37 0£0 0.14%0.37 0£0 2.560 0.465
H 39.787 39. 438 38.311 - - -
P <0.0001 <0.0001 <0.0001 - - -

Average of 7 tests each covering 20 mosquito adults

2858



Journal of Animal &Plant Sciences, 2013. Vol.19, Issue 1: 2854-2863 | ==+
Publication date 2/9/2013, http://www.m.elewa.org/JAPS; ISSN 2071-7024 4 7 N

ol [P e
B |

test1 - = test2 ====test3 = = eseces. test4
y= ;;E;‘:G 221.341 y= ;‘2‘2:4 616.45 7 y= clug 268{_ ;—42_,‘.566 = ;S%ng_;sm

10 -
9 -
8 -
P 7
r 6 -
o 5
b 4 -
i 3 -
t 2
1 -

0 T T 1

1.5 2 2.5 3

Log {(concentration)

Figure 1: Regression lines of the effects of essential oils from leaves of Owmunr canum on Anopheles funestus
female adult
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Figure 2: Regression lines of the effects of essential oils from leaves of Ocimum basilicum on Anopheles funestus
female adult
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Table 6: Concentrations of essential oils that can induce 50% mortality of mosquitoes LC50 (ppm)

LC50 (ppm)

day 1 day 5
Essential

oils

day 10 day 15

Ocipnm 45.61 62.53

canun

311.23 1171

Ocimum 84
basilicum

171,7

397 -

DISCUSSION

The results in Table 1 show that the leaves of Oczum
canum (0, 44%) have essential oil content 4 times
higher than those of O. basilicum (0.11%). The
extraction yields of the two Ocimum are less than
those obtained on the same species and plant organs
by Tchoumbougnang ef al. (2009). This difference is
due to the fact that the extraction was done on fresh
leaves while our predecessors have done it on dry
leaves. This variability in performance may also be
related to the harvest period, the soil and climatic
factors or the physiopathological state of the plant
(Tchoumbougnang ez al., 2004; Tchoumbougnang ez
al., 2005). Chemical analysis of the essential oil of O.
canum obtained in this work shows that linalool is the
major component (53.8%). The volatile oil of the
same plant but from Nigeria studied by Ekundayo ez
al. (1989) showed rather high proportion of eugenol
(66.4%). The specie of Indian origin studied by Tayal
and Dutt (1938) has on the other hand an essential oil
rich in citral. These results show some variability of
the chemical composition of volatile oils according to
geographical origin of plants (Tchoumbougang, 1997).
However, the chemical composition of the essential
oil of O. ¢canum of Cameroonian origin obtained in our
work is close to that of Rwandan origin studied by
Ntezurubanza ef al. (1985). These authors obtained an
essential oil whose major constituent is linalool (60%0).
This type of O. canum essential oil in which major
constituent is linalool was described for the first time
by Guenther (1972). The volatile oil of the leaves of
O. basilicum obtained in our results contains limonene
(30.9%) as major compound, followed by linalool
(18.9%). It is devoid of eugenol. This sample is thus
far from all chemical types previously described in the
literature (Nigam 7 al., 1968; Zola and Garnero, 1972;
Akgul, 1989; Mahmout, 1992). Adulticidal tests show
a direct relationship between the average number of
mortality of An. funestus ss adult female, and the time
clapsed after exposure of the pieces of mosquito net
to the diluted essential oils. Indeed, Tables 4 and 5

show that the insecticidal activity of essential oils
from two plants gradually decreases from the first to
the 10th day to end at the 15th day. This result
reflects the low residue activity of essential oils on 4.
funestus adult. This low residue effect is due to the
highly volatile molecules present in the essential oils
(Ngamo ¢ al., 2007b). This hypothesis was suggested
by Odeyemi ¢ al. (2008), in the study of the
persistence of the essential oil of Mentha longifolia on S.
zemais (maize weevil). According to these authors, the
loss of insecticidal activity of HE Mentha longifolia atter
6 days on 8. gzeamais, is due to the loss of terpene
compounds in the essential oil. However, the duration
of residue effect of an essential oil can also be linked
to the type of formulation used. According to the
work of Pierrard (19806) cited by Keita ez a/ (2000), on
the activity of the essential oil of dried fruit of X.
aethiopica on C. maculatus (cowpea weevil), the use of
the essential oil of X. aethiopica alone is not
recommended for long-term protection of cowpea
seeds. Hence the need to develop a formulation that
combines the essential oil to a carrier dilution which
would reduce evaporation of the active materials,
increase the concentration of oil and extend the
effectiveness of the formulation. Moreover, the
essential oil of O. canum with 1LC50 always lower than
those of O. basilicum essential oil (Table 6), is the most
efficient. This efficiency is due to the phenolic
compounds such as linalool and eugenol identified in
this specie. The efficacy of these compounds was
demonstrated by Tripathi ez a/. (1985) on fungi such as
Alternaria alternata and Colletotrichum capsicii. Phenolic
compounds are also known to have ovicidal,
larvicidal, nymphocidal and adulticidal properties
against various insect species (Isman, 1999). The
effectiveness of O. canum can also be the result of its
high content in monoterpene oxygenated compounds
(63.3%). Park et al. (2002), evaluating the effectiveness
of the essential oil of O. gratissimum on Callosobruchus
chinensis 1. and Sitophilus oryzae1.. demonstrate that the
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toxicity of this essential oil is mainly due to its high
content of monoterpene oxygenated molecules. Thus
the low content of the essential oil of O. basilicum in
these molecules (27.2%) would be one of the causes
of its low toxicity despite the presence in its

CONCLUSION

Ultimately, due to their adulticidal efficiency and their
short duration of residue on An. funestus, essential oils
of leaves of O. canum Sims and O. basilicum 1. are
proving to be an alternative approach to the use of
synthetic insecticides whose cost, the phenomenon of
resistance developed in mosquitoes treated and
proven action on non-target organisms are far from
solving the problem of malaria in Africa. The low
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