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Essential oil from the stem bark of Casuarina
equisetifolia exhibits mosquitocidal potential
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Abstract

Mosquitoes are insects of medical importance. They are vectors of malarial
parasites, arboviruses, filarial worms amongst others. Essential oils from some
botanicals have been recognized with mosquitocidal potential. Various parts of the
Casuarina equisetifolia plants have been reported to possess antihistaminic,
antioxidant, antimicrobial properties but no study on the composition of the
essential oil of its stem bark and its mosquitocidal potential. The chemical
composition of the essential oil from the stem bark of Casuarina equisetifolia was
obtained by hydrodistillation and determined using gas chromatography-mass
spectrometry. The mosquitocidal potential of the essential oil against Anopheles
gambiae complex ( vectors of malarial parasites) and Aedes aegypti (vectors of
arboviruses) mosquitoes was determined by bioassay using filter papers
impregnated with the crude essential oil in World Health Organization exposure
tubes. The KDTsoand KDTgs were calculated by means of log time-probit analysis.
Nineteen compounds were identified with the major compounds being n-
hexadecanoic acid (18.67%), cis-13-octadecanoic acid (17.83%), tridecane
(11.84%), Undecane (10.45%), Hentriacontane (8.91%), Nonanal (8.62%) and
Oxirane (2.43%). Fatty acids were observed to have the highest relative
percentage (45.43%) followed by Aliphatic hydrocarbons (37.71%). The KdTs of
the essential oil against Anopheles gambiae complex and Aedes aegypti was 40
minutes and 61 minutes while the KdTes was 129 minutes and 212minutes
against Anopheles gambiae complex and Aedes aegypti respectively. This essential
oil with high percentage of fatty acids has significant mosquitocidal potential. This
suggests the use of this botanical to control malaria and the arboviruses. The
mosquitocidal potential of each constituent of the essential oil should be further
explored.
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Introduction

Botanical insecticides are naturally
occurring compounds usually extracted
from plants (Isman, 2000). Botanical
insecticides are not harmful to human
health as well as the environment
because of their ability to decompose.
(Isman, 2000). Essential oils from
different plant species possess ovicidal,
larvicidal and repellant properties against
various insect species (Cetin et al. 2004).
Botanicals insecticides include pyrethrum

from crude flower dust of
Chrysanthenum cinerariaefolium
(Chandal, 2012), Rotenome from

Lonchocarpum species (Islam, 2006) and
Sabaddilla from Schoenocaulon
afficinalel (Zang, 1997) disrupts the
insect nerve cell membrane action. Also
Neem from Azadirachta indica (Isman et
al., 1990) acts as an insect feeding
constraint which can lead to the death of
the insect. Casuarina equisetifolia of the
Family Casuarinaceae comprises of two
subspecies (Casuarina equisetifolia spp.
equisetifolia L. and Casuarina
equisetifolia spp. incana L) (Kikshore &
Rahman, 2012). It is a nitrogen-fixing
evergreen tree whose height ranges from
15 to 50m (Fig. 1). Casuarina
equisetifolia is of Australian origin,
mainly grown for its wood fuel property
in Nigeria. The chemical composition of
the tree includes ellagic acid, gallic acid,
kaemferol and quercetin
(Narayanaswamy et al. 2013). The bark
possesses astringent and antioxidant
properties (Narayanaswamy et al, 2013).
Various parts of the plants such as the
bark, leaves, seeds and fruits have been

reported to possess antihistamine,
antioxidant, antimicrobial,
hepatoprotective and analgestic

properties (Falodun 2010). The essential
oil component from the leaf and fruit of
Casuarina  equisetifolia has  been
reported (Ogunwande et al., 2011) as
well as the phenolic acids present in
Casuarina equisetifolia (Gumgumjee &
Hajar, 2012). The High Performance
Liquid Chromatography (HPLC) analysis
revealed the plant consists of eight
phenolic compounds. These include
Gallic, Protocatioic, Chlorogenic, p-
Hydroxybenzoic, Syringic, Vanillic and
Salicyclic acid (Gumgumjee & Hajar,
2012). The phytochemical screening of
Casuarina equisetifolia reported the
presence of carbohydrates, protein,
steroid and tannin in all the plant’s parts.
The phyto-constituents are Alkaloid
(bark), Saponin (bark, fruit) and
Flavonoid (in fruit and leaf) (Aher et al.,
2010). The structures of condensed
tannins from the stem bark and fine root
of Casuarina equisetifolia have also been
identified using MALDI-TOF MS and
HPLC analyses. These contain
procyanidin combined with
prodelphinidin and propelargonidin with
epicatechin as the main extension unit.
The condensed tannins have different
polymer chain lengths, varying from
trimer to tridecamer for stem bark and up
to pentadecamer for fine root (Shang-Ju
et al., 2010). Mosquitoes affect human
health in the spread of diseases such as
malaria by Anopheles species
(Woodbridge & Edward 2002) and
arboviruses diseases such as yellow
fever, dengue, Chikungunya infection, by
Aedes species (Gubler, 1997). In 2015,
214 million cases of malaria were
reported globally. Out of these, 35% of
malaria deaths occurred in two countries-
Nigeria and Democratic Republic of
Congo (World Malaria Report, 2015).
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The efficacy of some botanicals as
insecticides has been reported. This
includes leaf essential oil of Lantana
camara (Murugesan et al., 2012) and
volatile oil of Pyrenacantha staudtii
(Falodun, 2010) on some insects. The
essential oils from savory and oregano
are highly effective against Indian meal

moth  (Plodia interpunctella) and
Mediterrean  flour moth  (Ephesha
knehniella) (Ayvaz et al., 2008).

Botanicals which include plant extracts,
essential oils and phytochemical have
been recognized with mosquitocidal
potential  (Mandal, 2012). These
botanicals have ovicidal and repellent
activity. For instance, the leaf extracts of

Ervatamia coronaria have repellent
property against adult Culex
quinquefasciatus, Aedes aegypti and

Anopheles stephensi (Govindarajan &
Sivakumar, 2011). Also larvicidal effects
of Moriga oleifera leaf extracts against
An. Stephensi larvae (Prabhu et al., 2011)
and repellent effect of Eucalyptus and
Aazadirachita indica seed oil against
adult Culex quinquefasciatus have been
reported (Mandal, 2012). The objective
was to determine the chemical
composition of an essential oil from the
bark of Casuarina equisetifolia using gas
chromatography (GC)- Mass
spectrometry  (MS) analyses and
determine the potential of this plant as a
mosquitocidal botanical.

Materials and methods

Plant materials: Stem bark of Casuarina
equisetifolia was obtained from an adult
tree in March 2014 from the premises of
Redeemer’s University, Mowe, Ogun
state, Nigeria. Taxonomic identification
was performed by a botanist at the

Herbarium of the Botany department of
the University of Lagos, Lagos, Nigeria.
The bark was cleaned, dried and cut into
pieces.

Hydrodistillation: The plant sample
(4009) was subjected to hydrodistillation
for 5 hours, using the Clevenger-type
apparatus according to the European
Pharmacopoeia. The volatile distillate
was collected over anhydrous sodium
sulfate, stored in an air-tight vial with
screw lid and refrigerated at 4°C until the
time of analysis. The yield of the oil was
0.61g.

Gas chromatography-mass
metry analysis: The
chromatography (GC)- mass
spectrometry  (MS) analyses were
realized using Agilent Technology
7890A (USA) gas chromatograph
equipped with a fused silica capillary
column HP-5MS (30m x 0.32m, 0.5m
film thickness) on ultrapure helium gas
and coupled to a mass selective detector
(mass spectrometer). The injector and
interface were operated at 250°C and
380°C, respectively. The oven
temperature was raised from 60°C to
300°C at a heating rate of 5°C/min and
then  held isothermally at that
temperature. The sample was injected in
a splitless mode. The MS was operated at
an ionization voltage of 70eV over an
acquisition mass range. The compounds
were identified on the basis of their
retention times and  mass-spectral
fragmentation patterns compared with
those of reference compounds stored on
the spectrometer database and National
Institute of Standards and Technology
(NIST) library. The constituents were
percentages from the GC peak areas
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without any correction (Adeosun et al.,
2013).

Mosquito larvae collection and rearing
of Adult mosquitoes: Larvae of
Anopheles and Aedes mosquito species
were collected from stagnant drainages
and old tires found at Redemption camp,
kilometer 46 Lagos-lbadan expressway,
Ogun state, Nigeria. The larvae were
reared in Redeemers University insectary
to adult. The adult mosquitoes were
placed in cages and fed with sugar
solution (10%) soaked in cotton wool.
The mosquitoes were identified into
groups and species using identification
keys as reported by Giles and Coetzee
(Gilles & Coetzee, 1987) and Rueda
(Rueda, 2004).

Bioassay on adult mosquitoes: Two to
four days old non-blood fed and sugar-
fed adult mosquitoes were used for the
bioassay. Filter papers were impregnated

Abundance
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with the essential oil (undiluted) from the
stem bark of Casuarina equisetifolia.
The filter papers were fixed into World
Health Organization (WHO) insecticide
bioassay exposure tubes. Three (3)
replicates of 25 mosquitoes (Anopheles
gambiae complex or Aedes aegypti) each
were exposed. A control group of 25
mosquitoes (Anopheles gambiae
complex or Aedes aegypti) was exposed
to filter papers without essential oil from
the stem bark of Casuarina equisetifolia.
The number of mosquitoes knockdown
was recorded afterr 5, 10, 15, 20, 30, 40,
50 and 60 mins. After the exposure time,
the mosquitoes were transferred into
holding tubes and fed with sugar solution
(10%) soaked in cotton wool for 24hr.

Data analysis for the bioassay: The
time taken to knock down 50% and 95%
of mosquitoes (KDTso and KDTgs) was
calculated by means of log time-probit
using SPSS 17.0 software.

TIC: C.D\data.ms

Time-->

R T L L A L SO R B 2 O (L S
6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

Figure 1: Gas Chromatogram of the essential oil from the bark of Casuarina equisetifolia.
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Results

Chemical composition of Casuarina
equisetifolia bark: Gas Chromatography
(GC)- Mass Spectrum (MS) analysis on
the essential oil identified and quantified
nineteen constituents (100%) (Fig. 1).
Quantitative composition and relative
abundance of the essential oil from the
stem bark of Casuarina equisetifolia are
presented in Table 1. The main
constituents were identified as n-
hexadecanoic acid (18.70%), cis-13-
octadecanoic acid (17.83%), tridecane
(11.84%), Undecane (10.45%),
Hentriacontane (8.91%), Nonanal
(8.62%) and Oxirane (2.43%).0Others
were below 2%. The percentage of the
classes of compounds found present in
the essential oil is presented (Fig. 2).
Fatty acids were observed to have the

highest relative percentage (45.43%)
followed by Aliphatic hydrocarbons
(37.71%), oxygenated aliphatic
hydrocarbons (13.96%), aromatic
hydrocarbons (2.45%), terpenoids
(2.45%) and cyclic oxygenated
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compounds (0.44%) (Fig. 2).

Bioassay of essential oil from the stem
bark of Casuarina equisetifolia on
Aedes and Anopheles mosquitoes: The
bioassay of the essential oil from the
stem bark of Casuarina equisetifolia on
the mosquito species showed that it has
significant  adulticidal mosquitocidal
activity against Anopheles gambiae
complex and Aedes aegypti. The time
taken to knockdown 50% (KdTso) of
Anopheles gambiae complex was 40
minutes and 61 minutes for Aedes
aegypti. The KdTgs of these mosquitoes
(Anopheles gambiae complex and Aedes
aegypti) to the essential oil was 129
minutes and 212 minutes respectively
(Table 2). The percent mortality of these
two species of mosquitoes to the
essential oil after 24hrs was 100%. The
percentages of Aedes aegypti knockdown
in 15, 30 and 40minutes were 1%, 10%
and 15% while 14%, 25% and 26% of
Anopheles gambiae complex were
knockdown in 15, 30 and 40 minutes

(Fig. 3).

coOC AH T

Figure 2: Relative percentages of different classes of compounds obtained from the

essential oil of Casuarina equisetifolia stem-bark. FA= fatty acids AH = aliphatic

hydrocarbons; OAH = oxygenated aliphatic Hydrocarbons; COC = cyclic oxygenated

compounds; AH = aromatic hydrocarbons; T = terpenoids.
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Table 1: Quanlitative and quantitative profile of essential oil obtained

from the stem bark of Casuarina equisetifolia.

SIN Compound RT % Yield
1 Oxirane 6.20 2.44
2 Undecane 7.87 10.46
3 Nonanal 7.95 8.62
4 Dodecane 9.25 5.59
5 Nonanoic acid 10.24 1.40
6 Tridecane 10.43 11.84
7 1H-indene 10.57 1.46
8 1,4-methano-1H-indene 11.60 0.94
9 Dodecanoic acid 13.09 1.50
10 Tetradecanoic acid 14.72 0.87
11 Hexadecanoic acid 15.94 0.88
12 n-hexadecanoic acid 16.30 18.67
13 9,12-octadecadienoic acid  17.50 141
14 9-octadecenoic acid 17.55 1.76
15 Cis-13-octadecenoic acid ~ 18.02 17.83
16 Hentriacontane 18.26 891
17 Methyl ricinoleate 20.06 4.99
18 B-tocopherol 31.74 0.23
19 a-tocopherol 31.77 0.20

RT = retention time; S/N = serial number

Table 2: The KDTsy and KDTgs of the various mosquito types when exposed to the essential oil from Casuarina
equisetifolia bark and their percentage mortality.

% mortality

Susceptibility to

KdTsp (mins)

KdTgs (mins)

(Sample size) extract
Anopheles gambiae complex. 100 (100) Susceptible 40.20 129.32
(1.80-54.49) (77.55)
Aedes aegypti 100 (100) Susceptible 61.08 212.72
(53.33-73.27) (146.09-449.13)
Discussion hexadecanoic acid, stearic acid, behenic

The GC-MS analysis of the essential oil
of Casuarina equisetifolia stem bark
quantified nineteen constituents with
fatty acids observed to have the highest
relative percentage (45.43%). The major
components of Callosbruchus analis
reported to show insecticidal activity
against Desmodium elegans were n-

acid, tricosanoic acid and marganic acid.
The fatty acids were indicated to exhibit
the insecticidal activity (Khan et al.,,
2012). The fatty acid-rich Turkish
bryophyte extracts also reported to have
insecticidal property against Sitophilus
Granarius. The n-hexadecanoic acid,
Dodecanoic acid and myristic acid were
identified as the active compounds and
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suggested to be responsible for the
adulticidal activity of the extracts (Abay
et al., 2013). Fatty acid rich plants have
also been reported to be responsible for
insecticidal and growth inhibition
activities of some pests (Farag et al.,
2011). The presence of fatty acids with
alkyl esters could have been responsible
for the mosquitocidal potential. The
synergy between fatty acids such as
hexadecanoic acid and octadecanoic acid
with  their  alkyl esters (methyl
ricinoleate) promotes insectistatic and
insecticidal activity (Ramos-Lopez et al.,
2012). The mode of action of fatty acids
depends on the insect physical contact
with the fatty acid. The mode of action of
lipophilic carbon chains of fatty acids in
the penetration and disruption of the
lipoprotein matrix of the insect’s cellular
membranes has been reported, (Puritch,
1981) and (Osborne & Henley, 1982).
The insecticidal properties of a number
of fatty acid derivatives have also been
investigated (Kabara, 2001). Saturated
fatty acids have optimal effects when
they contain twelve carbon atoms. In this
study, the saturated fatty acids had the
highest proportion (62.5%) of the fatty
acids of Casuarina equisetifolia stem
bark. Furthermore, about 80% of the fatty
acids of Casuarina equisetifolia stem
bark in this study contains 12-carbon
atoms, some of which are unsaturated
fatty acids. The presence of the
monounsaturated in the essential oil of
Casuarina equisetifolia stem bark will
increase the activity of long chain fatty
acids (Kabara, 2001). The cis-
unsaturated fatty acids have been
reported to be more active than trans-
acids. The presence of high percentage
(18.02%) of cis-13-octadecanoic acid of
Casuarina equisetifolia stem bark may be

responsible  for the mosquitocidal
potential (Kabara, 2001). The essential
oil from bark of Casurina equisetifolia
has adulticidal activity against Anopheles
gambiae complex and Aedes aegypti
mosquitoes. The mortality observed after
24 hours was 100% in both Aedes
aegypti and  Anopheles  gambiae
complex. These mosquitoes  are
susceptible to the essential oil of
Casurina equisetifolia stem bark. Similar
reports on the mosquitocidal activity of
some essential oils have been
documented. The Lantana camara leaves
against Aedes and Anopheles species also
reported 93.3% and 95.2% mortalities
(Dua et al., 2010). The KdTs, and KdTgs
of the essential oil of Casurina
equisetifolia stem bark were higher in
Aedes aegypti when compared with
Anopheles gambiae complex. The
essential oil of Casurina equisetifolia
stem bark will knockdown the Anopheles
species faster that the Aedes species.
Thus, it will be more effective in the
control of malaria in the tropics. Some of
the major components of essential oil of
Casuarina equisetifolia stem  bark
identified in the present study are n-
hexadecanoic acid, 9-octadecenoic acid,
hexadecanoic acid and dodecanoic acid
which have been reported to exhibit
insecticidal properties as stated above.
The reports showed that fatty acids
exhibit insecticidal activity and may be
suitable against several insect species. In
this present investigation, essential oil
obtained from the stem-bark of
Casuarina equisetifolia showed
mosquitocidal activity against adult
Anopheles and Aedes mosquitoes. The
present finding may be utilized for the
development of plant-based pesticides as
supplementary to synthetic insecticides.
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