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INTRODUCTION

ABSTRACT

Mosquitoes, among the most lethal creatures on Earth, are responsible
for millions of deaths annually through the transmission of various human
diseases. The widespread application of pesticides resulted in significant health
issues for humans, environmental degradation, and mosquito resistance to
synthetic insecticides. This study sought to evaluate four essential oils and their
phytochemical profiles against larvae and adult Culex pipiens. The oils were
tested at different concentrations ranging from 25 to 1000 ppm for larvae.
Mortality was evaluated after 24 and 48 h, while concentrations from 0.1% to
1% were tested against female mosquito adults after 60 min of exposure. All
the tested essential oils demonstrated larvicidal activity, with mortality rates
after 24 hours ranging from 90% to 100% at a concentration of 1000 ppm.
Eucalyptus camaldulensis oil showed the highest efficacy, achieving 100%
larval mortality at 1000 ppm (LCso = 305.3 ppm), followed by castor bean
(Ricinus communis) oil (LCsp = 388.3 ppm) and pelargonium (Pelargonium
graveolens) oil that induced 98% mortality (LCso = 446.2 ppm). Lemongrass
(Cymbopogon citratus) oil exhibited the lowest larvicidal activity at 1000 ppm
with 90% mortality (LCso = 491.5 ppm). Pelargonium, lemongrass, and
eucalyptus oils showed high adulticidal activity against female Cx. pipiens,
achieving 100% mortality at 1% concentration after 60 min. Eucalyptus and
pelargonium oils also demonstrated significant antibacterial efficacy among
which eucalyptus oil demonstrated the highest overall activity, with inhibition
zones reaching 25 mm against Bacillus subtilis and Candida albicans while
Klebsiella pneumoniae and Salmonella typhi showed moderate sensitivity, with
inhibition zones reaching up to 14 mm and 19 mm. GC-MS analysis of oils
revealed various bioactive phytochemicals, including sesquiterpenes, aliphatic
alcohols, and fatty acids, which may account for the reported effects.

Mosquito-borne illnesses continue to pose a significant worldwide health threat,
particularly in tropical and subtropical areas. The primary vectors, Culex pipiens transmit
diseases including West Nile virus, Japanese encephalitis, filariasis (Madhav et al., 2024).
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Increasing  apprehensions  over
pesticide resistance and environmental
safety have propelled research into plant-

derived  bioinsecticides as  alternate
remedies. Consequently, numerous
initiatives  concentrate on  reducing

mosquito populations by targeting people at
various life stages, including larvae and
adults, and restricting their capacity for
dissemination. These strategies are crucial
for disrupting the transmission cycle and
ultimately avoiding the dissemination of
these diseases (Baz et al., 2024).

Medicinal plants and essential oils
have long been known to contain many
beneficial substances that can help treat
illnesses and serve as natural pesticides,
which can help deal with pesticide
resistance and pollution while being safe for
other living things. Essential oils (EOs) are
secondary  metabolites produced by
aromatic plants and utilized in the control of
certain insect pests and mites. Over 3000
essential oils are documented in the
literature, with around 300 in commercial
application, including those derived from
several Eucalyptus species (Gilles et al,
2010; Stefanakis et al., 2013). The
Eucalyptus genus has 900 species and
subspecies. In 1998, Hill and Johnson
classed  Eucalyptus based on its
morphological and molecular properties.
According to these scientists, Corymbia,
hitherto categorized as a subgenus of
Eucalyptus, has been upgraded to the status
of a distinct genus with 113 recognized
species; among which Corymbia citriodora,
C. maculata, C. ficifolia, C. ptychocarpa,
and C. torelliana are the most recognized
species  (Barbosa et al, 2016).
Notwithstanding this reclassification, the
names initially identified in the references
were employed for the compilation of this
study to enhance the discourse. Eucalyptus
is a primary genus of the Myrtaceae family,
indigenous to Australia and cultivated
globally. Eucalyptus trees possess perpetual
leaves that emit a fragrance due to the
essential oils produced and stored in

secretory cells. These essential oils are
aromatic, spicy, and either colorless or pale
yellow, but some investigations have
indicated a brownish or greenish hue.
Essential oils derived from eucalyptus are
often abundant in monoterpenes and, in
certain instances, sesquiterpenes.
Numerous essential oils are utilized for
medicinal applications and in the fragrance
industry. The eucalyptus essential oils used
for medicine have a lot of 1,8-cineole, while
those used in perfumes contain more
citronellal, citral, and geranyl acetate
(Barbosa et al., 2016).

The genus Pelargonium
(Geraniaceae) includes more than 280
species of evergreen perennial flowering
plants. Pelargonium roseum (PRO) is
cultivated for its smell and aesthetic appeal
as an ornamental plant, serving as a vital
ingredient in the food, beverage, and
perfume industries (Szutt et al, 2020).
Research shows that essential oils and main
ingredients from can repel mosquitoes in
laboratory tests on malaria-carrying insects
(Yohana et al, 2022). The rose-scented
geranium, a plant of the Geraniaceae
family, belongs to the Pelargonium genus.
The insecticidal capabilities of geranium oil
and its components, chiefly citronellol and
geraniol, are well-documented (Wazir ef al.,
2025). The essential oil of P. roseum has
been investigated for its antibacterial,
antifungal, and anti-inflammatory
properties (Galea et al., 2024).

The insecticidal efficacy of
lemongrass essential oil is attributed to its
diverse secondary metabolites, including
bioactive cyclic and acyclic terpenes, which
interfere with neurotransmission in insects
(Eden et al., 2020). Additionally, various
secondary metabolites, including alkaloids,
flavonoids, and carotenoids, have been
identified in  lemongrass  extracts,
suggesting its potential as a bio-insecticide.
Tannin molecules may serve as inhibitors of
enzymatic activity in insect digestion
(Rahayu & Mairawita, 2018). Citral, a
combination of geranial and neral, is
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recognized for the insecticidal properties of
lemongrass essential oil, attributed to its
interaction with oxidative stress and
intracellular oxygen radicals (Sanches et
al., 2018).

The ancient Egyptians, from the
time of the Pharaohs, were acquainted with
fragrant herbs, utilizing them in religious
practices, cosmetics, embalming, and
therapeutic  applications. The initial
documentation of essential oil distillation
originated in Egypt (Sobhy et al., 2023).
Four essential oils, such as pelargonium,
lemongrass, eucalyptus, and castor, were
chosen for this study because they are easy
to procure in local markets, inexpensive,
and commonly used in traditional medicine
(Baz et al., 2024). The present work aims to
evaluate the larvicidal and adulticidal
activity of these essential oils against the
larvae and females of the Cx. pipiens
mosquito, which is the primary vector for
several diseases. The research also seeks to
study the chemical composition of these oils

using GC/MS analysis techniques to
identify the active components responsible
for their insecticidal activity, in addition to
evaluating the antimicrobial activity of
some of these oils against a selected group
of pathogenic bacteria and fungi. This work
provides an alternative opportunity to
provide safe and effective natural
alternatives that can be used to enhance
mosquito control strategies and avoid
reliance on synthetic chemical pesticides.

MATERIALS AND METHODS

Essential Oils:

The high-purity essential oils
used in this study were sourced from
Nefertari Company, Egypt, specializing
in the extraction of natural oils, plants,
and cosmetics (Table 1). Essential oils
stored in their original containers (brown
glass) at 4 °C and away from direct
exposure to light and moisture to
maintain the stability of their chemical
composition and prevent the
decomposition of active compounds.

Table 1. List of essential oils tested against Culex pipiens.

No. [ Common name Botanical name Family

1 Pelargonium Pelargonium graveolens Geraniaceae

2 Lemongrass Cymbopogon citratus Poaceae

3 Eucalyptus Eucalyptus camaldulensis Myrtaceae

4 Castor bean Ricinus communis Euphorbiaceae

Rearing of Cx. pipiens:

Cx. pipiens larvae were reared in
an insectary under controlled
environmental conditions of 27+2 °C
temperature and  75+5%  relative
humidity, with a 12 h light and 12 h dark
cycle. They were nourished with a mixture
of Tetramine fish food and finely ground
bread in a 1:3 ratio. Once pupation
occurred, these were transferred from
enamel trays into cups containing
dechlorinated water and placed in mesh
cages measuring 35 %35 x40 cm,
allowing for adult emergence. Female
mosquitoes were routinely provided blood
meals from a hamster, while all adults had
continuous access to a 10% sugar solution.
Both larval and pupal stages were

consistently maintained in the same
laboratory setting to ensure a steady supply
for experimental purposes (Baz et al.,
2025).

Larvicidal Activity:

The effectiveness of pelargonium,
lemongrass, eucalyptus and castor bean
oils in killing larvae was tested on third-
stage larvae of Cx. pipiens following the
guidelines set by the World Health
Organization (WHO, 2005). The solution
of each oil was prepared as a stock by
combining 1 mL of oil with 100 mL of
distilled water and 0.1 mL of Tween-20.
The larvae were exposed to five distinct
concentrations that were formulated (25,
50, 125, 250, 500, and 1000 ppm). Twenty
Cx. pipiens larvae were treated with each
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oil in 250 mL glass beakers containing 150
mL of water under the specified controlled
conditions.  Three replicates  were
performed for each concentration of oil
and control. After 24 and 48 h, mosquito
larvae were checked to see how many
larvae died to determine the larval lethal
concentration (LCso) using probit analysis.
Adulticidal Activity:

The adulticidal efficacy of the oils
was evaluated using the modified CDC
bottle methodology (WHO, 2016). Four
distinct concentrations of each oil were
prepared by dissolving in ethanol (0.1%,
0.25%, 0.5%, and 1.0%). Each prepared
concentration of oil was utilized to coat the
CDC bottles (250 mL Wheaton bottles
with screw caps) in the same manner as the
control bottle, which was coated solely
with ethanol. The solvent was evaporated
from the bottles for one hour at 27 + 2 °C.
Three replicates were performed for each
concentration of oil and control. Ten adult
female mosquitoes, aged 3 to 4 days and
glucose-fed were picked using an aspirator
and carefully placed into each bottle,
which was then sealed with its lid. A
mosquito was deemed dead if it was
incapacitated or unable to move or stand
within 60 min of exposure. The number of
knocked-down mosquitoes was
documented from each bottle at 5, 10, 20,
30, and 60 min to ascertain the median
knockdown time (KTso and KToo) values
for each concentration via probit analysis.
Live mosquitoes were subsequently
extracted from the bottles after one hour
and transferred to individual paper cups
containing a 10% sucrose solution.
Antimicrobial Assay:

The agar diffusion method is
commonly employed to assess the
antibacterial efficacy of two essential oils.
This  approach  involves  uniformly
distributing a microbial suspension over the
surface of an agar plate to inoculate it with
bacteria or fungi, akin to the disk diffusion
technique. Subsequently, a 6 mm diameter
well is created in the agar utilizing a sterile

cork borer or pipette tip. Each well is then
filled with 100 pL of the oil or antimicrobial
agent prepared at the  specified
concentration. The plates are incubated at
conditions appropriate for the specific
bacteria under examination. Throughout
incubation, the antimicrobial agent
permeates the agar and suppresses
microbial proliferation (Magaldi et al.,
2004). Following an incubation period of 16
to 24 h for bacteria and up to 48 h for
fungus, the inhibition zones defined as the
clear regions surrounding the wells where
microbial proliferation has ceased are
measured in millimeters. Gentamicin (1
mg/mL) functioned as a positive control for
bacterial strains, while fluconazole (1
mg/mL) was employed for fungal strains.
Fifty milligrams of oil were dissolved in one
milliliter of distilled water to prepare the
essential oil.
GC/MS Analysis:

The essential oils were analyzed for
their chemical makeup using GC-MS with
a Trace GC-TSQ mass spectrometer from
Thermo Fisher Scientific, which had a
special capillary column called TG-5MS
that is 30 meters long and 0.25 mm wide
with a film thickness of 0.25 um. The gas
chromatograph's ~ working  parameters
included an initial column oven temperature
of 50 °C, which was subsequently increased
at a rate of 5 °C/min to 250 °C, held for 2
min, and then raised at a rate of 30 °C/min
to 300 °C. The MS transfer line and injector
were calibrated at 270 °C and 260 °C,
respectively, with helium as the carrier gas
at a flow rate of 1 mL/min. The solvent
retention duration was 4 min, and 1 pL of
the diluted samples was automatically
injected using an AS1300 autosampler in
GC split mode. In comprehensive scanning
mode, mass spectra were collected using
electrospray ionization (EI) across a range
of 50-650 m/z at a voltage of 70 V. The ion
source temperature was set at 200 °C. The
mass spectra of the components were
matched with those in the NIST 14 and
WILEY 09 mass spectral libraries, and the
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identified substances were obtained using
the Total Ion Chromatogram (TIC)
(Mostafa et al., 2024).

Statistical Analysis:

Statistical analysis was
conducted using SPSS version 23 (IBM,
USA), applying Probit analysis to
determine lethal concentration (LC)
values. A one-way analysis of variance
(ANOVA) (Post Hoc/Turkey's HSD test)
was also performed. A significance
threshold of P<0.05 was used for all tests.
Principal component analysis (PCA) was
conducted using Unscrambler X 10.3
(CAMO SA, Oslo, Norway).

RESULTS
Mosquito Larvicidal Activity:

The larvicidal effects of the four
essential oils were evaluated against 3™
instar larvae of Cx. pipiens. The results
demonstrated that all tested essential oils
exhibited larvicidal activity. Table 2

showed that the mortality rates after 24 h
ranged from 90% to 100% at a
concentration of 1000 ppm. Among the
tested oils at 1000 ppm, Eucalyptus (E.
camaldulensis) essential oil showed the
highest efficacy, achieving 100% larval
mortality (LCso=305.3 ppm; LCoo=1088.4
ppm), followed by castor bean (R
communis) oil that induced 100% mortality
(LCso = 388.3 ppm; LCop = 1515.4 ppm),
pelargonium (P. graveolens) induced
98.33% mortality (LCso =446.2 ppm; LCoo
= 1770.0 ppm), whereas lemongrass (C.
citratus) oil exhibited the lowest larvicidal
activity with 90.0% mortality (LCso=491.5
ppm; LCoo = 1849.5 ppm) (Table 3). These
results indicated that all oils caused 100%
larval mortality after 48 h, demonstrating
latent effects; eucalyptus oil exhibited
greater effectiveness against Cx. pipiens
larvae than the other oils at both 24 and 48
h after treatment (Fig. 1).

Table 2. Efficacy of essential oils on Culex pipiens larval mortality, 24, and 48 h post-treatment.

Time Sample Concentration (ppm)

(h) 0 15 50 125 250 500 1000
C. citratus 0=0%® 3.333.3%F 10.00=2.8F | 18332160 | 36.67=1.6% | 68.33=1.6% | 90.0£0.004
- E. camaldulensis 002 6.67+1.6%F 16.67=1.6% | 30.00=2.8° | 3833x1.6° | 9500£2.8%F | 100.0=0.024
| R communis 0=0%¢ 3.33+3 34F 1333216 | 26.67=3.30 | 35000228 | 36.67=3.3F | 100.0=0.02%
P. graveolens 0=02¢ 3.33=1.6%F 13.33=1.6" [ 23332330 | 4567=3.3C | 75.0022.8F | 08.33=1.62
C. citratus 1.67£1.3% | §67=33F 15.00=0.0F | 23332440 | 35167=16% | 00.00=2 8% | 100.0=002%
E. camaldulensis | 1.67=13%F | 15.00=50F | 23332160 | 4833244 | 3167=44F | 100.0=0.02* | 100.0=0.02%
4 IR communis 1.67=33F | 833244F | 20002289 | 366723.3"C | 70.00=35.0°® | 100.0=0.02% | 100.020.02%
P graveolens 1.67=13F | 11674 4% | 2000280 | 30.00=2.8C | 65.00=2.8F | 9833=1.62% | 100.0=0.02%

a,b & c: There is no significant difference (P>0.05) between any two means for each time, within the same column have the
same superscript letter. a, b & ¢ There is no significant difference (P>0.05) between any two means, within the same row
have the same superscript letter.

Table 3. Lethal concentrations (ppm) of essential oils against Culex pipiens larvae, 24 and 48
h. post-treatment

T('I’:;e Treatment LCs (Low-Up.) LCs (Low-Up.) LCss (Low-Up.) Slope=SE X2 (sign.)
C. citratus 4015 (301.6-827.1) | 18495 (1462.7-4909.8) | 26027 (2220.7-83493) | 2.226+0.153 | 23.181 (0.00)
24 | B-camaldulensis | 3053 (185.0-484.1) | 10884 (838.8-4100.7) | 1572.5 (1249.9-4100.7) | 2.331=0.152 | 22.883 (0.00)
R communis 3883 (2813-536.8) | 15154 (1140.0-2718.1) | 2252.9 (1632.24433.0) | 2.189=0.154 | 9.046 (0.04)
P_graveolens 4462 (305.6-660.6) | 1770.0 (1340.3-3608.2) | 2644 4 (1984.6.5995.0) | 2.128=0.145 | 14.168 (0.01)
C. citratus 4042 (257.7-643.4) | 1651.7 (1258.7-3932.9) | 2461.6 (1917.3-6761.5) | 2.096=0.147 | 17.983 (0.01)
4o | Ecamaldulensis | 2105 (148.7-300.1) | O17.9 (975.5-1744.1) | 13806 (997.8-2954.7) | 2.048=0.153 | 10.113 (0.03)
R communis 260.0 (163.4-395.3) | 830.8 (641.0-1769.4) | 11709 (924.12736.8) | 2.517=0.164 | 21.646 (0.00)
P_ graveolens 276.9 (144.0.500.7) | 10054 (797.63188.3) | 14491 (1263.6.5523.3) | 2.2880.150 | 33.381 (0.00)
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Fig. 1: The LCso values of lemongrass, eucalyptus, castor bean, and geranium oils against 3™
larval instar of Culex pipiens, 24 and 48 h post-treatments

Adulticidal Activity:

The impact of the test concentrations
of the four essential oils on Cx. pipiens
females was assessed after 60 min of
exposure, as shown in Table 4, and
illustrated in Figure 2. The results showed
that pelargonium oil had the best effect,
knocking down all the Cx. pipiens females
(100%), followed by lemongrass oil
(96.67%), eucalyptus (93.33%), and castor
bean oil (73.33%), all at a concentration of
0.5%. The assay revealed that at a higher
concentration (1%), pelargonium and rest of
the oils could knock the Cx. pipiens females
fastest, and all of them were dead after 60
min: 100% with pelargonium, 100% with
lemongrass, 100% with eucalyptus, and
96.67% with castor bean. The KTso and

KTy values of the pelargonium oil was
12.14 and 25.90 min, lemongrass oil was
15.62 and 32.63 min, and eucalyptus had
18.63- and 36.40-min values, respectively.
Data showed that castor bean oil exhibited
the lowest adulticidal efficacy, with a 50
and 90% knockdown rate of 26.23 and
57.48 min, respectively, after 60 min at a
concentration of 1.0% (Table 5). The
pelargonium, lemongrass, and eucalyptus
essential oils showed high adulticidal
effects against female adults of Cx. pipiens
after 60 min exposure at 1% concentration,
with the mortality rate reaching 100%. The
LCso  values were calculated for
pelargonium oil (0.09%), lemongrass
(0.11%), eucalyptus oil (0.15%), and castor
bean (0.23%) (Table 6).

Table 4. Knockdown rate (mortality %) of essential oils against Culex pipiens female adults.

EOs Cone. Time (min)

(%) 5 10 15 20 25 10 60
0.1 0.0=0.0F 0.0=0.0F 333233F | 6672330 | 20002009 | 33332338 | 46672338
e 0.23 0.0=0.0% 3.3323.3F 6.67x33F | 1667=88PC | 3667£33C | 36672338 | 7667x3.3%
0.5 6.673.3% [ 10.00=0.0% [ 23.33+3.3%F | 33.33233" | 60.00=5.7"C | 86.67=3.38 | 06.67=0.004
1.0 100=3.7F | 166723 3F | 30002000 | 3000200 | 2667662 | 100.0=0.02* | 100.0=0.0%*
0.1 0.0=0.0F 0.0=0.0% 0.0=0.0E 3332330 | 16.67=33% | 23332338 | 3667=3.3%%
E 0.25 0.0=0.0F 0.0=0.0F 3.33233F | 13332330 | 2333233 | 466723.3F | 60.00=0.0%%
camaldulensis| 0.3 3.33233W | g.67£3.3%F | 13.33233% | 20.00=3.7°0 | 43.33=3.3% | 70.00=10.0% | 03.33=3.3%
1.0 667=33F | 10.00=00F | 23332330 | 3333233 | 7333266% | 100.0=0.02% | 100.0=0.02%
0.1 0.0=0.0F 0.0=0.0F 6.67=3.3F | 13.33=330 | 23.33=3.3% | 3567332 30.0+5.7°4
P 0.25 333233C | 667+33TF | 1333=88F | 3000=3.7T | 50.005.7C | 66.67=6.6"F | 20.0x10.004
graveolens 03 | 13.33233% | 200055 7 | 36672660 | 3333233 | 76.6728 88 | 100.0=0.0°% | 100.02D.0°%
1.0 16.67=33% | 23.33233%F | 43332330 | 7333233%C | 0667338 | 100.0=0.0%* | 100.0=0.0%*
0.1 0.0=0.0°0 0.0=0.00 0.0=0.0T 0.0=0.00 10.00=0.0% | 1333=33F | 26.67=3 3%
R 0.23 0.0=0_0% 0.0=0.0F 3.33+3.3E 6.67£3.3T 16.67+3.3C | 3333:66F | 46.6726.6°4
commumnis 0.3 0.0£0.0° | 667+3.3%F | 10.00=0.0% | 20.00=0.0"0 | 30.00=3.7°C | 4667=8.8F | 7333=66"
1.0 3332336 | 6.67233F | 1333233F | 26672330 | 4333266 | 60.00=3.7F | 066723328

a, b & c: There is no significant difference (P>0.05) between any two means for each plant, within the same column
have the same superscript letter. A, B & C: There is no significant difference (P>0.05) between any two means,

within the same row have the same superscript letter.



Insecticidal Activity of Essential Qils against Culex pipiens 39

e e 2 i F yp —— ] 3 s Ricirurs
120 +
100
80 4
=2
2
T 60
H]
b
40 4
20 4
0
0.1 0.25 0.5 1

Essential oils concentration

Fig. 2. Knockdown rate (mortality %) of essential oils against Culex pipiens female adults.

Table 5. Probit analysis of knockdown time and mortality rates of Culex pipiens females after
oil exposure for 60 min

EOs Conc. (%)] KIs | KIw | Kl R Slope=SE Chi (5ig)
0.1 5515 | 15292 | 204.18 | 00498 | 2.893=0285 | 14.070 (0.013)
C citratus 025 | 2924 | 5404 | 6432 | 09704 | 4.804%0534 | 5.763 (0.123)
' 0.5 2128 | 5213 | 6720 | 09470 | 3.283=0.2358 | 45.748 (0.000)
1.0 1562 | 32.63 | 4006 | 0.8953 | 4.081=0280 | 73.864 (0.000)
0.1 68.73 | 10488 | 26186 | 08921 | 2.831=0314 | 15.816 (0.007)
E 025 | 42.50 | 104.06 | 134.13 | 00496 | 3.295=0.283 | 10.123 (0.001)
camaldulensis 0.5 2634 | 5703 | 7243 | 00305 | 3.744=0278 | 41669 (0.000)
1.0 1563 | 3640 | 4401 | 08760 | 440520317 | 111.761 (0.000)
0.1 50.73 | 150.74 | 20525 | 00434 | 2.709=0.260 | 11.042 (0.050)
025 | 25.77 | 60.10 | 7640 | 009699 | 3.485:0230 | 18.194 (0.002)
P. graveolens 0.5 1527 | 3522 | 4463 | 08834 | 353220246 | 53.711(0.000)
1.0 1214 | 2500 | 3346 | 00150 | 3.880%0266 | 57.624 (0.000)
0.1 0104 | 26690 | 36120 | 08254 | 2.768=0368 | 11.253 (0.046)
2 communic 025 | 55.87 | 152.03 | 203.44 | 0.8520 | 2.930=0.290 | 13.151 (0.022)
' 0.5 3507 | 9527 | 12555 | 00869 | 3.030=0.251 | 3.887 (0.563)
1.0 2623 | 5748 | 7179 | 003533 | 3.76220279 | 34.558 (0.000)

Table 6. The adulticidal effects of essential oils against female adults of Culex pipiens after 60
min exposure.

EOs Conc. (%) | Mortality (%) | LCa(Low-Up.) | LCou(Low-Up.) | LCoz(Low-Up.) X! (5ig)
0.1 46.67+3.334
€ citratus 0.23 76.67=3.33°% 0.11 0.38 0.33 1123
' 0.5 06.67=0.00° (0.02-0.13) (0.32-0.44) (0.43-0.68) (0.369)
1.0 100.0=0.002
0.1 36.67+3.334
E. 0.23 60.00=0.00° 0.15 0.48 0.63 9397
camaldulensis 0.5 03.33+3.330 (0.11-0.18) (0.31-0.54) (0.51-0.73) (0.009)
1.0 100.0=0.002
0.1 50.0£5.77¢
P oraveslens 0.23 90.0=10.00° 0.09 0.23 0.30 1.074
= 0.5 100.0=0.002 (0.03-0.11) (0.18-0.27) (0.21-0.38) (0.384)
1.0 100.0=0.00a
0.1 26.67+3.334
R, communis 0.23 46.67=6.67° 0.23 0.87 1.28 7223
0.5 73336670 (0.12-0.26) (0.71-0.99) (1.08-1.32) (0.021)
1.0 96.67£3.332

a, b & c: There is no significant difference (P>0.05) between any two means for each plant, within the same
column have the same superscript letter.
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Antimicrobial Activity of Pelargonium
and Eucalyptus Oils:

The antimicrobial activity of
pelargonium and eucalyptus oils was
evaluated by incubating bacterial cultures
(Bacillus subtilis, Staphylococcus aureus,
Klebsiella pneumoniae, Salmonella typhi)
for 16 to 24 h and fungal cultures (Candida
albicans and Aspergillus niger) for up to 48
h, before assessing microbial killing. Both
oils exhibited varying degrees of inhibition
against the tested organisms. Eucalyptus oil
demonstrated the highest activity overall,

with inhibition zones reaching 25 mm
against B. subtilis and C. albicans. K.
pneumoniae and S. typhi showed moderate
sensitivity, with inhibition zones reaching
19 and 18 mm, respectively. Pelargonium
EO had significant effects against B. subtilis
and C. albicans showing a 24 mm and 17
mm inhibition zones, respectively. The
smallest area where growth was stopped
was seen with Aspergillus niger, which only
responded to Eucalyptus oil, creating a 17
mm zone, while pelargonium oil had no
effect on it at all (Table 7, Fig. 3).

Table 7. Antimicrobial activities of pelargonium and eucalyptus oils against six pathogenic

microorganisms.
Treated® Control**
Pelargoninm Eucalyptus
Bacillus subtilis (ATCC 6633) 24.0=04 23.0=1.1 21.0=02
Staphylococcus aureus (ATCC 6338) 140=1.0 230203 220+0.1
Klebsiella pneumoniae (ATCC 13883) 14.0=0.5 19.0=0.8 25.0=0.6
Salmonella typhi (ATCC 6539 15.0=0.1 18.0=09 24.0=0.8
Candida albicans (ATCC 10221) 17.0=0.8 25.0£1.0 21.0=10
Aspergillus niger (ATCC16888) NA 17.0=0.7 37.0=0.8

* Inhibition zone (mm); ** Control for Bacteria was Gentamycin and for fungi was fluconazole at concentration
1.0 mg/ml; 50 mg of the samples were dissolved in 1.0 ml DW; NA: No activity

Fig. 3. Antimicrobial activities of pelargonium and eucalyptus oils against (a) Bacillus subtilis
(ATCC 6633), (b) Staphylococcus aureus (ATCC 6538), (c) Klebsiella pneumoniae (ATCC
13883), (d) Salmonella typhi (ATCC 6539), (e) Candida albicans (ATCC 10221), and (f)

Aspergillus niger(ATCC 16888) microorganisms.
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GC/MS Identified Components from
Pelargonium, Lemongrass, Eucalyptus
and Castor Bean Oils:

GC-MS analysis was employed to
facilitate the metabolic examination of the
four essential oils. Employing methanol as
a solvent, the findings from our study's GC—
MS analysis facilitated the identification of
various compounds in the oil of
pelargonium, lemongrass, and eucalyptus,
and castor bean, encompassing terpenes,
phenols, esters, fatty acids, alkanes, and
aliphatic amines (Tables 8-11). The extract
of pelargonium comprised 26 components
(Table 8), with notable concentrations of
1,6-Octadien-3-ol, 3,7-dimethyl- (19.50%),
6-Octen-1-ol, 3,7-dimethyl- (17.91%), 6-
Octen-1-o0l, 3,7-dimethyl-, acetate
(11.10%), 10-Epi-¢-eudesmol (10.98%) and

C-Muurolene (9.35%). The extract of
lemongrass contained nine compounds,
with the highest concentrations being 2,6-
Octadienal, 3,7-dimethyl-, E- (50.33%) and
2,6-Octadienal, 3,7-dimethyl- (34.71%)
(Table 9). The extract of eucalyptus had 13
compounds, with the most abundant being
Bicyclo [2.2.1] heptan-2-one,1,7,7-
trimethyl- (28.72%), Eucalyptol (25.69%),
and Bicyclo[2.2.1] heptane, 2,2-dimethyl-
3-methylene (20.86%), as shown in Table
10. In the extract of castor bean, 16
substances were identified: 13-
Hexyloxacyclotridec-10-en-2-one (54.0%),
8,11,14-Eicosatrienoic acid, (2,2,2)-
(13.27%), 10-Heptadecen-8-ynoic acid,
methyl ester, E- (9.01%), and 9-
Octadecenoic acid (z)- (6.22%) (Table 11).

Table 8. The major chemical constituents of Pelargonium graveolens oil.

No ET | Area % Compound Name M. F. Nature
1 4.72 0.73 (1R)-2.6,6-Trimethylbicyclo [3.1.1] hept-2-ene CuHis Monoterpene
2 343 0.05 |ZH-Pyran, 2-ethenyltetrahydro-2, 6 6-trimethyl- CHig MMonoterpene
3 6.58 0.08 |Benzene, 1-methyl-3-{1-methylethyl)- Clogl4 Monoterpene
4 6.60 0.11  |Iscpinocarveol Clogle Monoterpene
] 8.33 19.50 | 1.6-Octadien-3-ol, 3,7-dimethyl- CipH1:0 | Moncterpene
& 10.73 0.24  |Levomenthol C1oH0 MAM
7 10.89 088 |3-Cyclohexene-1-methancl 33 4-trimethyl-, (3)- CipH1z0 | Monoterpene
5 12.20 17.91 |6-Octen-1-cl, 3,7-dimethyl- CiuHa0 MAM
9 1254 216 Geraniol CuH1s0 | Monoterpene
10 | 1333 11.10 | 6-Octen-1-cl, 3.7-dimethyl-, acetate CrzHnO: ME
11 | 1396 382 | Geranylformate CnHiz0z | Monoterpenes
12 | 16.19 1.54 alfa. -Copaene CisHz Sesquiterpene
13 | 16.36 2353 (-)-a-Bourbonene Ci53Hn Sesquiterpene
14 | 16353 029 |2,6,10-Dodecatrien-1-ol, 3,7,11-trimethyl- CisHis SA
15 | 17.44 125 A_copaene C15Hx Sesguiterpene
16 | 17.68 0.37 §-Octen-1-cl, 3,7-dimethyl-, propanoate CrsH0On ME
17 | 18.57 9.35 C-Muurolene Ci1sHu Sesquiterpene
18 | 1975 1.25 Citronellyl butyrate CraHze0n MA
12 | 19.99 415 2,6-Di-t-butyl-4-methylphens] Ionol C1sHuO | Sesquiterpene
20 | 2041 24 Butanoic acid, 3, 7-dimethyl-2_6-octadienyl ester, {e)- C14H2402 ME
21 | 2177 | 1098 | 10-Epi-g-eudesmol C1sH20 SA
22 | 2283 0.59 Cholestan-3-0l, 2-methylene-_ (34,33)- Cz2eHys0 CAC
23 [ 2333 0.20 Pentanoic acid, 4-methyl-, 3,7-dimethyl-6-octenyl ester | Ci1sHz002 esters
24 | 2352 1.30 Geranylangelate C1sH07 | Sesquiterpene
23 | 26.17 0.57 4 8-Decadienal, 5 9-dimethyl- CiH20O | Monoterpenes
26 | 30350 0.24 17-Octadecynoic acid CisHz:01 | Alkynoic acids

RT: Retention Time; M. F.: Molecular Formula; MAM: monoterpene alcohol menthol; MA: monoterpenoid alcohol; ME:
Monoterpene ester; SA: sesquiterpene alcohol; CAC: cyclic alcohol compound
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Table 9. The major chemical constituents of Cymbopogon citratus oil

No RT Area %o Compound Name M.F. Nature
1 838 1.13 1,6-Octadien-3-ol, 3,7-dimethvl- CuHi10 Monoterpene
2 1056 3.80 Trans-verbenol CuHi1s0 | Monoterpene
3 12.12 34.71 2,6-Octadienal, 3 7-dimethyl- CoH1s0 Monoterpene
4 12.35 3.45 Geraniol acetate CizHapOn | Monoterpenes
5 1293 50.33 2.6-Octadienal 3, 7-dimethyl- E- C1oH1s0 Monoterpene
i 16.07 482 2,6-Octadien-1-ol, 3,7-dimethyl-_ acetate CizHaOn | Monoterpenes
E l6.68 0.87 Cyclopropanemethanol, 2-methyl-2-(4-methyl-3- C1H1O Aliphatic
pentenyl)- Alcohol
8 17.69 0.26 Trans-a-bergamotene C1sH Sesguiterpene
g 3185 0.45 4-(2 2-Dimethyl-6-methylenecyclohexyl) butanal CpHa Terpenes
RT: Retention Time; M. F.: Molecular Formula
Table 10. The major chemical constituents of Eucalyptus camaldulensis oil
No RT | Area % Compound Name M.F. Nature
1 4.53 137 Tricyelo [2.2.1.0(2.6)] heptane, 1,7, 7-trimethyl- CuHis Monoterpene
2 301 20.86 | Bicycle [2.2.1] heptane, 2 2-dimethy]-3-methylene CuHis Monoterpene
3 6.30 137 (1r)-2,6 6-Trimethylbicyclo [3.1.1] hept-2-2ne CiHae Monoterpene
4 6.61 344 O-cymene CrHus Monoterpene
3 6.76 25.69 | Eucalyptol CiH1:0 Monoterpene
] 2.33 0.%26 3-Oxatricyelo [4.1.1.002 4)] octane, 2.7 7-trimethyl- CiH10 Monoterpene
7 2.59 0.37 1,6-Octadien-3-ol, 3,7-dimethyl- CioHiz0 Monoterpene
B 2.70 0.46 2-Norbornanol, 1,35 -trimethyl- CioHiz0 Monoterpene
9 0.33 28.72 | Bicyclo [2.2.1] heptan-2-one, 1,7 7-trimethyl- CuHi1s0 Monoterpene
10 0.63 1.23 Cis-verbenol CuHis0 Monoterpene
11 0.93 1142 | Ischbornecl CuHi:0 MMonoterpene
12 | 1057 1.71 Terpinen-4-ol CuHi:0 Monoterpene
13 | 1093 230 a-Terpinesl C1uHi:0 Monoterpene
RT: Retention Tim; M. F.: Molecular Formula
Table 11. The major chemical constituents of Ricinus communis oil.
Nao RT | Area % Compound Name M.F. Nature
-~ - Methyl {1Z)-2-(dimethylaming)-N- . .
1 3.70 ) | {metﬁvliarzt?amiyloxv}?}oxoeghmimi dothioate C7HBN3038 | Dimethylamino
2 6.36 (.66 Z, z, z-4,6,9-nonadecatriens CraHzg Terpenes
3 6.73 1.09 2-Nitrohept-2-en-1-ol CH1sNO: AN
- - - Ethanimidothioic acid, 2-(dimethylamino)-n- . .
4 133 0.71 L[{methyla.mino]ca:hﬂﬂ}'l} Dx}f]—ﬁ}-oxa-, m}ea}'l ester CHBEN033 | Dimethylamino
5 7.61 0.63 3.11,14-Eicosatrienoic acid, (z, z. 2)- C2oHz407 UFA
- Nickel-1.5.9 13- tetraaza-2 6,10, 14tetrabenzo-4,12- CagHaNsNi0s
6 183 233 di.i:l.itm-c;-'c-lcu-hexadec-iLS: 12, 16-tetra-ene AM
7 10.16 1.91 10-Heptadecen-8-ynoic acid, methyl ester, €- CieHzp0n Fatty Acid
8 1023 0.63 Z, z, z-4,6,%-nonadecatriens CroHzg Terpenes
9 10.54 2.01 10-Heptadecen-8-ynoic acid, methyl ester, €- C1eHzp0n Fatty Acid
10 | 1087 13.27 2.11,14-Eicoszatrienoic acid, (z, z. 2)- CroHz407 UFA
11 | 21.82 0.71 (-)-valerenic acid C1sHnO: Fatty Acid
12 | 30.70 54.0 13-Hexyloxacyclotridec-10-en-2-one CizH30; ML
13 [ 30.93 3.51 Hi-Oleic safflower oil CnHnOn Oleic acid
14 | 3299 6.22 9-Octadecencic acid (2)- C1eH3402 Diterpene
15 | 3338 034 12-Methyl-g, e-2,13-octadecadien-1-ol C1eH350 UFA
16 | 3383 1.61 Hexadecadienoic acid, methyl ester C17H3002 UFE

RT: Retention Time; M. F.: Molecular Formula; AA: aliphatic alcohol, UFA: unsaturated fatty acid; AM: Aromatic
macrocycle; ML: Macrocyclic lactone; UFA: unsaturated fatty alcohol; UFE: unsaturated fatty esters
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DISCUSSION

Essential oils are  useful
substances used in many areas, such as
protecting plants and helping to keep
humans and animals healthy from
different pests (Selvakumaran 2024).
Plant extracts or essential oils from plants
may be effective in managing mosquito
populations, as they include a plethora of
bioactive = components  that can
decompose into innocuous substances.
They are  ideally  suited  for
implementation in integrated
management methods for mosquito
control (Benelli, 2015; Hassan et al.,
2024). Plant extracts have proven
beneficial in managing insect pests,
including mosquitoes, in comparison to
synthetic insecticides (Muturi et al,
2020; Selvakumaran et al., 2024).

The current study indicated that
four essential oils were effective at
killing mosquito larvae, with mortality
rates ranging from 90.0% to 100% after
24 h of exposure to 1000 ppm. These
results indicate that all essential oils have
a significant ability to kill larvae, but
their effectiveness varies significantly.
Our data revealed that Eucalyptus
camaldulensis o1l showed the best
efficacy amongst the four oils, killing
100% larvae at the highest concentration
used (1000 ppm) and having the lowest
LCso (305.3 ppm), indicating its
larvicidal potential even at lower
amounts. This is likely due to its content
of active compounds such as 1,8-cineole,
which is known for its insecticidal
properties. Castor oil (R. communis) was
the second most effective oil, also killing
all the larvae at the highest concentration,
but it required higher amounts to do so as
compared to eucalyptus oil, showing it
was still effective but not as strong. P.
graveolens oil was also highly effective,
killing 98.33% of the pests, but it
required a little higher concentration to
be as lethal as the more effective oils.

This study confirms that essential
oils, particularly Eucalyptus oil, can be
effective and safe alternatives to
chemical pesticides in controlling
mosquito larvae, which holds significant
importance for public health and vector-
borne disease control. However, further
studies are recommended to determine
the physiological mechanisms behind
this effectiveness and to evaluate

potential environmental and
toxicological effects on non-target
organisms.

The findings align with previous
research demonstrating the larvicidal
properties of certain essential oils against
Cx. pipiens species (Baz et al, 2024).
Furthermore, our study data confirmed
the strength and efficiency of all the oils
used, with eucalyptus oil being the most
efficient in killing mosquito larvae,
followed by castor bean, geranium, and
lemongrass oils. Manh et al. (2020)
showed that eucalyptus oil possesses
larvicidal properties, meaning it can kill
or inhibit the development of mosquito
larvae. It has been found to be effective
at relatively low concentrations, and its
efficacy can depend on the surface area
of the water body (Riat & Kocher, 2019;).

Earlier research by Khater et al.
(2023) showed that fifteen plant oils were
tested against fourth-instar larvae of Cx.
pipiens using concentrations of 125 to
2000 ppm. Among the most effective oils
(91-100% mortality at 2000 ppm) were
castor oil (R. communis), chamomile,
garlic, jasmine, cinnamon, and rosemary.
The LCso of castor oil was the lowest (454
ppm), making it a promising option as a
natural pesticide.

A study looked at lemon oil and
eucalyptus oil (C. citriodora and E.
camaldulensis) from Vietnam to see how
well they kill Aedes aegypti larvae and
found that lemon oil had an LCso of about
150.5 ppm and an LCoo of about 615.9
ppm. Eucalyptus oil (C. citriodora)

43
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worked better, with an LCso of about 86.8
ppm and an LCoso of about 275.4 ppm
after 24 h (Manh et al, 2020). Another
study looked at the oils from E.
camaldulensis and E. urophylla to see
how they affected Ae. aegypti and Ae.
albopictus larvae: E. camaldulensis oil
was very effective at killing the larvae
because of compounds like a-terpinene,
making it a strong choice for natural
pesticides (Cheng et al., 2009)

The present results demonstrated
the high efficacy of essential oils
extracted from  pelargonium  (P.
graveolens), lemongrass (C. citratus),
eucalyptus (E. camaldulensis), and castor
bean (R. communis) as adulticidal against
the vector mosquito Cx. pipiens. The first
three oils achieved nearly 100% mortality
at 1% concentration after 60 min, while
castor oil showed lower efficacy (96.67%
at the highest concentration). Our data
agreed with the results of the work of
Yohana et al. (2022), who put it at a 1%
concentration, P. graveolens (rose-
scented geranium) essential oil kills all
adult mosquitoes (100% mortality)
within 60 min. This insecticidal activity
is attributed to compounds like geraniol
and citronellol, which are major
components of oil.The significantly low
LCso results especially for pelargonium
(0.09%) and lemongrass (0.11%)
indicate their high efficacy at very low
concentrations. Previous research has
shown that oils from pelargonium are
very effective at killing different types of
mosquitoes, like Anopheles and Aedes,
with nearly all of them dying in similar
tests (Kabera et al., 2011; Alipour et al.,
2015). A study on lemongrass oil also
demonstrated its rapid and highly toxic
activity against Culex and Aedes, with
toxicity linked to its citral content.
Regarding Eucalyptus, scientific research
also confirms its effectiveness as a
repellent and growth inhibitor for insects,
in addition to its lethal effect. Castor oil,
on the other hand, showed relatively less
effectiveness.  Other studies have

indicated that its active compounds are
less capable of causing rapid paralysis
and death in insects than some other oils.
This difference is likely due to the lower
concentration of the main terpenes or
their slow absorption and distribution in
the insect's body.

Eucalyptus oils have shown
superior larvicidal activity, mainly due to
the active compound, eucalyptol (1,8-
cineole), a monoterpene known for its
larvicidal properties and strong mosquito
repellent. Pelargonium and lemongrass
essential oils are highly effective,
particularly thanks to compounds such as
geraniol and citronellol, which are
monoterpene alcohols known to be
effective as repellents against adult
mosquitoes (Muturi et al., 2020).

These results highlight that
essential oils, especially pelargonium and
lemongrass, are appealing as natural
insecticides and safer options compared
to chemical pesticides, effectively killing
disease-carrying insects while being
better for the environment
(Chellappandian et al, 2018). Some
studies suggest that field use of these oils
requires studies on optimal formulations
and measuring the long-term impact on
insect communities and non-target
organisms to  ensure  sustainable
application (Giunti et al., 2022).

The interplay between
insecticidal efficacy and antimicrobial
activity represents one of the important
multiple dimensions of essential oils' use.
This interaction allows not only the
control of disease vectors such as the Cx.
pipiens mosquito by killing or inhibiting
their activity but also the protection of the
surrounding environment from harmful
microorganisms that may affect public
health. This integrated dimension
enhances the practical value of essential
oils as  multifunctional  natural
alternatives that combine insect control
with the fight against microbial
infections, enhancing their effectiveness
and enhancing their use in environmental
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and health prevention strategies. Many
studies have indicated that certain
phytochemicals such as flavonoids,
terpenoids, and alkaloids, tannins, can
effectively disrupt insect development,
including growth, physical formation,
transformation, and reproduction
(Chamani et al, 2025). These results
match what other studies have found,
showing that essential oils contain
compounds like geraniol and citronellol
in pelargonium, citral in lemongrass, and
eucalyptol in camphor, which quickly
affect the nervous system of insects
(Yahia et al., 2023).
Conclusion

Mosquitoes are major carriers of
life-threatening  diseases that pose
significant risks to human health, and
managing these risks goes beyond simply
eliminating the insects. However, the rise
of insecticide-resistant mosquito
populations, along with environmental
and health concerns linked to chemical
pesticides, has led to the search for safer
and more sustainable alternatives.
Among these, plant-based compounds
are attracting interest due to their natural
origin, lower toxicity, affordability, and
reduced risk of resistance development.
In this context, researchers have
investigated certain essential oils to
identify potent bioactive substances with
insecticidal and antimicrobial properties
suitable for pest control in both human
and animal health. The phytochemical
analysis of the four pelargonium,
lemongrass, eucalyptus, and castor oils
revealed many bioactive chemical
components from different classes, viz.
flavonoids, phenolic acids, triterpenoids,
phenolic acids and others together. The
findings of the present study revealed that
pelargonium, lemongrass, eucalyptus,
and castor oil possess larvicidal and
adulticidal activities against vector
mosquitoes and medicinal values as it has
antimicrobial activity.
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