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ABSTRACT 
 

Aims: The present investigation aimed to assess the toxic effect of hexane, acetone and methanol 
extracts of Cymbopogon citratus and Cymbopogon giganteus against 3

rd
 and 4

th
 instar of 

Anopheles gambiae larvae under laboratory conditions. 
Place and Duration of Study: Plant products were extracted from November 2017 to February 
2018 in the Chemistry laboratory, while the larvicidal tests were conducted from April to June 2018 
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in the laboratory of Applied Zoology of the Faculty of Science, University of Ngaoundere, 
Cameroon. 
Methodology: Twenty five (25) 3rd and 4th instars of An. gambiae were subjected to methanol, 
acetone and methanol plant extracts of the two plants at doses of 1000, 500, 250 and 125 mg/L 
each while their essential oils were tested at concentrations of 200, 100, 50 and 25 mg/L. Dichlovos 
tested at the recommended dose of 1000 mg/L was performed as positive control while 1mL of 
tween-80 in 99 mL of natural breeding site water was used as negative control. Larval mortality was 
recorded after 24 h post treatment for plant extracts and after 1, 6, 12, 18 and 24 h post-exposure 
for plant essential oils. 
Results: At the highest concentration of 1000 mg/L, C. citratus extract caused 100% mortality of 
mosquito larvae while 84, 81 and 88% mortality of larvae were recorded with hexane, acetone and 
methanol leaf extract of C. giganteus, respectively. C. citratus (LC50=58.32 mg/L) and C. giganteus 
(LC50=372.36 mg/L) hexane extracts were more potent than acetone and methanol extracts of the 
plants. C. citratus extracts were the most effective against larvae compared to C. giganteus 
extracts. Essential oil of C. citratus (LC50=27.98 mg/L after 1h) was also the most toxic on mosquito 
larvae compared to C. giganteus (LC50=180.07 mg/L after 1h) essential oil.  
Conclusion: C. citratus plant and specially its hexane extract and essential oil could be taken into 
consideration as a new source of botanical insecticide and may be used in the mosquito control 
programs for An. gambiae larvae elimination in their breeding sites. 
 

 
Keywords: Plant extracts; essential oils; biopesticides; larvicidal activity; Anopheles gambiae. 
 

1. INTRODUCTION 
 
Mosquito-borne diseases constitute nowadays, 
major human health problems and are 
responsible of the significant morbidity, mortality 
and economic burden to population of tropical 
and subtropical countries [1]. In sub-Saharan 
African zones, malaria is the most important 
disease and still remains a major source of 
illness and death. It is caused by the 
Plasmodium parasites transmitted to the human 
being through Anopheles species mosquito bites 
[2]. An estimated 219 million cases and 435,000 
related deaths from malaria were reported in 
2017 by WHO [3]. In Cameroon, a mortality rate 
of 116/1,000 for malaria cases surpasses those 
of the African region (104/1,000) as well as 
neighboring countries such as the Central African 
Republic [4]. In health facilities of the country, 
48% of total hospital admissions were due to 
suspicion of severe malaria, and 19% of 
nationwide deaths were assigned to that disease 
[5]. 
 

To control and eliminate malaria in sub-Saharan 
countries, different strategies developed against 
malaria parasite and mosquito vectors are facing 
problems, including a lack of sustainable and 
predictable funding, conflicts in malaria endemic 
zones, irregularity of climate conditions and 
mosquito resistance to insecticides commonly in 
uses [6]. Moreover, synthetic insecticides in uses 
for their larvicidal, adulticidal or repellent effects 
were revealed to be toxic for human and animal 

and possess deleterious impact on non-target 
insects [7]. Thus, the search for alternative, 
simple, effective and sustainable methods of 
mosquito control is promptly needed. Botanicals 
derived from plant products are relatively less 
toxic, environmentally safer, more biodegradable, 
and more target specific and may constitute 
alternatives to those hazardous synthetic 
residual insecticides for mosquito control [8]. 
Several plants from diverse families have been 
proven to have toxic properties against the 
immature stages of mosquitoes and the major 
phytochemical components responsible for the 
toxic effect on these insects include Saponins, 
flavonoids, tannins, alkaloids, glycosides, 
steroids and terpenoids [9]. However, 
miscellaneous research papers have reported 
the efficacy of plant derived products against 
Anopheles gambiae larvae. The most recent 
includes the leaves of Hyptis suaveolens, 
Chenopodium ambrosoides, and Lippia adoensis 
methanol extracts and their essential oils           
against larvae of An. gambiae [10]; a significant 
larvicidal efficacy of clove and cinnamon 
essential oils against laboratory Anopheles 
gambiae (sensu stricto) and wild An. arabiensis 
larvae [11]; and a potent larvicidal activity of 
dichloromethane H. suaveolens extract               
against 4

th
 instar larvae of An. gambiae [12]. 

Vivekanandhan et al. [13] reported recently also, 
a significant toxicity of hexane, petroleum 
benzene, chloroform, ethylacetate, and acetone 
extracts of Acanthospermum hispidum against 
An. stephensi larvae. Essential oil of E. globulus 
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showed also a strong larvicidal activity against 
An. stephensi larvae [14,15]. 

 
Commonly known as lemon grass, Cymbopogon 
citratus (DC.) Stapf belonging to the family of 
Poaceae family is a perennial tropical grass plant 
with long and thin leaves largely widespread in 
tropical and subtropical regions of Asia, South 
America, and Africa [16]. The plant is mostly 
cultivated for their essential oil which possesses 
antibacterial, antifungal, analgesic, and mosquito 
repellent properties [17,18,19,20]. Previous 
studies reported interesting uses of C. citratus as 
a natural pesticide and insecticide. From Gabon, 
Obame-Engonga et al. [21] reported a toxic 
effect of C. giganteus essential oils against An. 
gambiae eggs and larvae. The essential oil of C. 
citratus showed a significant oviposition-deterrent 
and ovicidal activity towards three mosquito 
vectors, Aedes aegypti, Anopheles dirus and 
Culex quinquefasciatus [22]. The insecticidal 
activity of C. citratus was reported against the 
common housefly, Musca domestica [23], and 
exerted toxic effect against Tribolium castaneum 
[24].  

 
The plant species Cymbopogon giganteus Chiov. 
(Poaceae) is a perennial grass largely 
widespread in African tropical and savannah 
regions. In folk medicine, the plant is used to 
treat skin disorders and malaria [25]. The plant 
also possesses anti-inflammatory, antimicrobial, 
anti-trypanosomal, cytotoxicity and anti-
plasmodial properties [26,27,28]. The essential 
oil of C. giganteus was reported to cause low 
insecticidal activity on An. gambiae eggs                  
and larvae but that activity was significantly 
optimized when combined to Eucalyptus 
citriodora [21]. The present study aimed to 
investigate the larvicidal activity of hexane, 
acetone and methanol as well as essential       
oils of C. citratus and C. giganteus against the 
larvae of An. gambiae under laboratory 
conditions. 

 
2. MATERIALS AND METHODS 
 
2.1 Plant Material 
 
2.1.1 Plant collection and processing 
 
The leaves of Cymbopogan citratus and 
Cymbopogon giganteus were collected early in 
the morning (6:00 to 8:00 am) at Dang (latitude 
7°24.949’N, longitude 13°32.870’E) Ngaoundere 
in the Adamaoua region of Cameroon in July 

2017. Plants were identified by professor 
Mapogmetsem Pierre Marie a botanist of the 
Faculty of Science, University of Ngaoundere 
and then were confirmed at the National 
Herbarium of Cameroon at Yaounde through the 
comparison to the voucher specimen no 
18628/SRF/Cam in comparison with the plant 
material sample of Dang Daniel 202 for C. 
citratus and no 8373/SFR/Cam compared with 
Letouzey 6532 voucher sample for C.  giganteus. 
The plant leaves collected were shade             
dried during three weeks (26±2°C; 78±2%                   
relative humidity), then crushed in a wood mortar 
and passed through 1mm mesh size sieve.                     
Each plant powder obtained was preserved in 
the glass bottles then kept in a refrigerator                  
at 4°C until used for extraction. 
 

2.1.2 Plant extraction process 
 

The cold maceration method performed of Perry 
et al. [29] was used for plants extraction. Indeed, 
500 g of each plant leaf powder was macerated 
in 2.5 L of hexane for 3 days in the glass jar (5 L) 
and agitated twice a day. Then, the maceration 
was filtrated through Whatman No.1 filter paper 
to obtain hexane filtrate and residue. The residue 
was dried and then macerated in 2.5L of acetone 
and processed as described previously to obtain 
acetone filtrate and residue. At last, the dry 
residue was macerated in the 2.5L of methanol 
solvent as described previously to obtain 
methanol filtrate and residue. Each filtrate was 
concentrated separately using rotary evaporator 
(BÜCHI R-124) to obtain hexane, acetone and 
methanol extracts. The dry plant extracts were 
stored at -4°C until its use for phytochemical 
screening and bioassays. The extraction yield of 
each extract was determined using the following 
formula: 
 

Extraction yield (%) 
 

=
Weight of the extract obtained (g)

Weight of the plant powder used (g)
 × 100 

 

2.1.3 Extraction of plant essential oils 
 
Essential oils were extracted directly from fresh 
leaves of plants by hydro-distillation method 
using Clevenger apparatus for 3 hours. The oil 
was separated from water using separating 
funnel and traces of water in the oil was removed 
using anhydrous sodium sulphate and then 
stored in airtight containers rolled with aluminum 
foil to avoid light until needed for bioassay. The 
extraction yield of each essential oil obtained 
was calculated using the following formula: 
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Oil yield (%)

=
Weight of essential oil obtained 

Weight of plant fresh leaves used 
 × 100 

 

2.2 The Strain of Anopheles gambiae 
 
The larvae of An. gambiae were collected from 
the lake water in July 2018 around the campus of 
the University of Ngaoundere. Larvae of 
Anopheles species were detected and collected 
according to their horizontal position on the water 
surface and An. gambiae larvae were identified 
in the laboratory following the identification keys 
performed by Gillies & Coetzee [30] and Gillies & 
De Meillon [31]. The larvae of An. gambiae 
therefore identified were reared according to Das 
et al. [32] protocol in the laboratory (27±2°C; 
76±4% Relative Humidity). The first generation 
was used for the larvicidal assay. 
 

2.3 Larvicidal Bioassay 
 
The standard larvicidal assessment method 
described by WHO [33] was used to evaluate the 
efficacy of C. citratus and C. giganteus extracts 
and essential oils against An. gambiae larvae in 
the laboratory. The hexane, acetone and 
methanol extracts and essential oils were 
dissolved in 0.5 mL of Tween-80 and different 
concentrations of 1000, 500, 250 and 125 mg/L 
for plant extracts and 200, 100, 50 and 25 mg/L 
of plant essential oils were prepared in the 
volume of 100 mL with tap water in the 250 mL 
plastic cups. Twenty five fourth instar larvae were 
transferred into the each test solutions prepared. 
Four (4) replicates were maintained for each 
concentration and mortality of mosquito larvae 
was recorded 1, 6, 12, 18 and 24 h post-
exposure for essential oils and after 24 h for 
plant extracts. Dead larvae were detected when 
appendages did not move when probed with 
needle. Data were adjusted for control mortality 

using Abbott’s formula [34], if mortality in the 
control sets exceeded 5 %. 
 

2.4 Statistical Analyses 
 
The percentage of larval mortality data were 
subjected to the ANOVA procedure using SPSS 
16.0. Tukey test (P=0.05) was applied for mean 
separation. Lethal dosages causing 50% (LC50) 
and 90% (LC90) mortality of An. gambiae larvae 
24 h after treatment application were determined 
using Probit analysis (SPSS 16.0). 
 

3. RESULTS 
 

3.1 Plant Extraction Yields 
 
The yield of the plant extracts and essential oils 
obtained varied among the plant species 
according to the solvent used for the extraction 
(Table 1). Among the extracts of the two plant 
species, hexane extracts yields were low 
compared to acetone and methanol extracts. 
Between the two plant species, essential oil of C. 
citratus yield was superior to the C. giganteus 
extraction yield. 
 
3.2 Larvicidal activity of plant extracts 

against An. gambiae larvae 
 

The hexane, acetone and methanol extracts of 
C. citratus and C. giganteus exerted a significant 
larvicidal activity against the third and fourth 
instar larvae of An. gambiae under laboratory 
conditions after 24 h post-exposure (Table 2 & 
3). The toxic activity of these two plant species 
significantly augmented with the increasing 
concentrations. Globally, no larval mortality was 
recorded in the negative control while 100% 
mortality of An. gambiae larvae was registered in 
the positive control (Dichlovos 1000 mg/L). 

 
Table 1. Yield of the plant solvent and hydrodistillation extraction 

 

Plant species Plant products Weight of plant material used (g) Yield (%) 

C. citratus Hexane extract 500 9.33 

Acetone extract 500 10.83 

Methanol extract 500 12.92 

Essential oil 200 1.24 

C. giganteus Hexane extract 500 5.28 

Acetone extract 500 7.24 

Methanol extract 500 8.73 

Essential oil 200 0.83 
 



 
 
 
 

Batti et al.; JALSI, 21(1): 1-12, 2019; Article no.JALSI.48321 
 
 

 
5 
 

After application of C. citratus extracts as 
presented in Table 2, larval mortality significantly 
varied from 82to 100% (F(5,18) = 800.33, P < 
0.001) for hexane extract, from 28 to 100% 
(F(5,18) = 877.07, P < 0.001) for acetone extract 
and from 60 to 100% (F(5,18) = 1481.84, P < 
0.001) for methanol extract, respectively tested 
at the concentrations of 125 and 1000 mg/L. 
Among the C. citratus extracts tested, the 
hexane extract of the plants with LC50 value of 
58.32 mg/L was revealed as the most toxic on 
An. gambiae larvae compared to acetone (LC50 = 
161.83 mg/L) and methanol (LC50 = 109.59 
mg/L) extracts of the plant. 
 
With C. giganteus extracts applied at the lowest 
dose of 125 mg/L and at the highest 
concentration of 1000 mg/Lon An. gambiae 
larvae as showed in Table 3, the larval mortality 
significantly increased respectively from 11%  to 
80% (at 1000 mg/L) (F(5,18) = 199.06, P < 0.001) 

for hexane extract, from 10% to 81% (F(5,18) = 
251.65, P < 0.001) for acetone extract and 16%  
to 88%(F(5,18) = 776.33, P < 0.001) for methanol 
extract. Comparing efficacy of C. giganteus plant 
extracts each other, the hexane extract with LC50 
value of 372.36 mg/L was revealed as the most 
effective followed by methanol extract (LC50 = 
161.83 mg/L) extract and acetone extract (LC50 = 
161.83 mg/L).  
 

3.3 Larvicidal Activity of Plant Essential 
Oils against An. gambiae Larvae 

 

The essential oil of the plant species caused 
significant larvicidal activity against An. gambiae 
larvae in the laboratory. The efficacy of the 
essential oils of C. citratus and C. giganteus 
assessed significantly increased with the 
augmenting concentration and exposure time 
(Fig 1 A& B). 

 

Table 2. Percentage mortality of An. gambiae larvae treated with plant hexane, acetone and 
methanol extracts and LC50 as well as LC95 (mg/L) of C. citratus, 24 h post-exposure 

 

Extracts Conc (mg/L) % mortality R
2
 Slope±SE LC50  

(LFL-UFL) 

LC95  

(LFL-UFL) 

χ
2
 

Hexane 0 0.00±0.00c  

 

0.31 

 

 

3.00±0.39 

 

 

58.32 

(32.02-77.90) 

 

 

206.08 

(177.35-
262.80) 

 

 

24.84* 

125 82.00±3.46b 

250 100.0±0.00a 

500 100.0±0.00a 

1000 100.0±0.00a 

Dichlovos 
(1000 mg/L) 

100.0±0.00a 

F(5, 18) 800.33*** 

Acetone 0 0.00±0.00e  

 

0.50 

 

 

3.84±0.19 

 

 

161.83 

(137.57-
184.58) 

 

 

432.91 

(357.80-
578.84) 

 

 

72.38*** 

125 28.00±2.82d 

250 87.00±1.00c 

500 93.00±1.91b 

1000 100.0±0.00a 
Dichlovos 
(1000  mg/L) 

100.0±0.00a 

F(5, 18) 877.07*** 

Methanol 0 0.00±0.00d  
 

0.60 

 
 

3.39±0.24 

 
 

109.59 

(98.70-119.30) 

 
 

334.76 

(303.29-
379.12) 

 
 

17.70ns 

125 60.00±1.63c 

250 85.00±1.91b 

500 100.0±0.00a 

1000 100.0±0.00a 

Dichlovos 
(1000  mg/L) 

100.0±0.00a 

F(5, 18) 1481.84*** 
Mean of mortality ± standard deviation within a column followed by the same letter did not differ significantly 
according to Tukey test (P= 0.05); 

ns
P>0.05; *P<0.05; ***: p<0.001; LFL: Lower Fiducial Limit; UFL: Upper 

Fiducial Limit; Number of replicates: 4 
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Table 3. Percentage mortality of An. gambiae larvae treated with plant hexane, acetone and 
methanol extracts and LC50 as well as LC95 (mg/L) of C. giganteus, 24 h post-exposure 

 

Extracts Conc 
(mg/L) 

% mortality R
2
 Slope±SE LC50 (LFL-

UFL) 
LC95 (LFL-
UFL) 

χ
2
 

Hexane 0 0.00±0.00f  

 

0.85 

 

 

2.32±0.11 

 

 

372.36 

(327.96-
423.48) 

 

 

1897.46 

(1442.42-
2776.39) 

 

 

40.46*** 

125 11.00±1.91e 

250 40.00±3.65d 

500 59.00±4.12c 

1000 84.00±3.65b 

Dichlovos 
(1000  mg/L) 

100.0±0.00a 

F(5, 18) 199.06*** 

Acetone 0 0.00±0.00f  

 

0.90 

 

 

2.28±0.11 

 

 

420.97 

(376.75-
472.86) 

 

 

2205.85 

(1702.73-
3118.78) 

 

 

30.48** 

125 10.00±1.15e 

250 34.00±2.58d 

500 54.00±2.58c 

1000 81.00±4.72b 

Dichlovos 
(1000  mg/L) 

100.0±0.00a 

F(5, 18) 251.65*** 

Methanol 0 0.00±0.00f  

 

0.89 

 

 

2.27±0.11 

 

 

325.43 

(303.50-
348.62) 

 

 

1719.10 

(1470.41-
2071.45) 

 

 

16.14ns 

125 16.00±1.63e 

250 44.00±1.63d 

500 62.00±2.00c 

1000 88.00±1.63b 

Dichlovos 
(1000  mg/L) 

100.0±0.00a 

F(5, 18) 776.33*** 
Mean of mortality ± standard deviation within a column followed by the same letter did not differ significantly 
according to Tukey test (P= 0.05); 

ns
P>0.05; **P<0.01; ***: p<0.001; LFL: Lower Fiducial Limit; UFL: Upper 

Fiducial Limit; Number of replicates: 4 
 
Tested with essential oil of C. citratus at the 
lowest dose of 25 mg/L, mosquito larval mortality 
varied significantly (F(4, 15)=105.22, p < 0.001) 
from 46% after 1 h to 100% after 24 h post-
exposure was recorded. Essential oil of C. 
citratus (applied at 100 and 200 mg/L) and the 
commercial larvicide Dichlovos (tested at the 
recommended dose of 1000 mg/L) exhibited 
100% mortality of larvae at all exposed periods. 
The LC50 values of C. citratus against An. 
gambiae larvae declined with exposure period 
and values of 27.98, 20.21 and 10.97 mg/L were 
recorded respectively after 1, 6 and 12 h post-
treatment (Table 3).The values of LC95 of C. 
citratus essential oil against An. gambiae larvae 
recorded after 1, 6 and 12 h post-exposure were 
76.96, 62.00 and 35.94 mg/L, respectively.  
 
The essential oil of C. giganteus tested at the 
lowest dose of 25 mg/L caused also a moderate 
significant (F(4, 15)=119.55, p < 0.001) larval 
mortality ranging from 0% after 1 h to 54% after 

24 h post exposure. Tested at the highest 
concentration of 200 mg/L, larval mortality 
significantly (F(4, 15)=82.75, p < 0.001)  varied 
from 48% after 1h to 100%after 24 h post-
treatment. The LC50 and LC95 values of C. 
giganteus against An. gambiae larvae decreased 
with the increasing exposure times (Table 4). 
The LC50 recorded were 180.07, 95.00, 42.13, 
24.64 and 22.93 mg/L after 1, 6, 12, 18 and 24 h 
post-treatment, respectively. LC95 values of 
1030.56 mg/L (1h), 547.82 mg/L (6h), 162.08 
mg/L (12h), 67.93 mg/L (18h) and 49.83 mg/L 
(24h) of C. giganteus essential oil                       
against mosquito larvae assessed were also 
registered. 
 
Considering the essential oils of the two plant 
species tested on mosquito larvae, C. citratus 
essential oil (LC50 = 27.98 mg/L after 1 h post-
exposure) was revealed to be more toxic against 
An. gambiae compared to C. giganteus essential 
oil (LC50 = 180.07 mg/L after 1 h post-exposure). 
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Fig. 1. Percentage mortality of An. gambiae larvae treated with C. citratus (A) and C. giganteus 
(B) leaf essential oils after 1, 6, 12, 18 and 24 hours post-exposition, PC= Positive control 

(Dichlovos 49%) 
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Table 4. LC50 and LC90 (mg/L) of C. citratus and C. giganteus leaf essential oils against An. 
gambiae larvae after 1, 6, 12, 18 and 24 hours post-exposure 

 

Plant 
species 

Time 
(h) 

Slope±SE R
2
 LC50(95% FL) LC95(95% FL) χ

2
 

C. 

citratus 

1 3.74±0.22 0.61 27.98(24.60-31.02) 76.96(66.10-95.58) 36.05** 

6 3.38±0.26 0.54 20.21(16.45-23.27) 62.00(53.50-77.11) 29.07* 

12 3.19±0.48 0.34 10.97(7.08-13.99) 35.94(32.42-41.44) 9.75ns 

18 - - - - - 

24 - - - - - 

C. 

giganteus 

1 2.17±0.13 0.85 180.07(149.45-233.37) 1030.56(641.06-2203.95) 47.19*** 

6 2.16±0.11 0.84 95.00(83.83-108.99) 547.82(402.39-840.89) 34.62*** 

12 2.81±0.13 0.79 42.13(6.13-48.11) 162.08(129.77-222.68) 54.63*** 

18 3.73±0.24 0.56 24.64(21.97-27.00) 67.93(60.11-80.08) 21.60ns 

24 4.88±0.39 0.34 22.93(20.39-25.00) 49.83(44.16-59.82) 26.07* 
nsP>0.05; *P<0.05; **P<0.01 and ***: p<0.001; FL= Fiducial Limit. -: no determined because of no or complete 

mortality at all concentrations tested 
 

4. DISCUSSION 
 

Results of the present study showed that the 
extracts and essential oils of the two plant 
species assessed (C. citratus and C. giganteus) 
were toxic when applied on An. gambiae larvae. 
Generally, hexane, acetone and methanol 
extracts as well as essential oils of the two plant 
species significantly exerted concentration-
dependent toxic effect against An. gambiae 
larvae. 
 

Previous studies worldwide reported the efficacy 
of Cymbopogon species extracts against 
mosquito species. Indeed, the methanol extract 
of C. citratus exhibited potent larvicidal activity 
against late third instar larvae of An. arabiensis 
[35]. Methanol and hexane extracts of C. citratus 
caused also a significant larvicidal activity 
against An. gambiae larvae [36]. C. citratus 
significant inhibited growth and caused mortality 
in later developmental stages of Aedes aegypti 
[37]. The hydrolate C. citratus was also revealed 
as promising larvicidal activity product against 
Ae. albopictus and Cx. quinquefasciatus 
mosquito species [38]. The phytochemical 
secondary metabolites contained in these plant 
species might be the responsible of the larval 
mortality observed. Earlier, Bilal and Haman [39] 
reported the important role of flavonoids, 
terpenoids, alkaloids, steroids and phenols, 
responsible of the biological activities against 
insects. Plant secondary metabolites in contact 
with mosquito larva may penetrate through oral 
or cuticle way to affect midgut epithelium or 
gastric caecae and the malpighian tubules in the 
insect larva [40]. These phytochemical 
compounds might also act at the proton 
transferring sites, leading to mitochondria 

dysfunction that can cause cellular and physio-
logical disturbances by inhibiting acetylcholine-
sterase, the disruption of potassium and sodium 
ion exchange, and unbalance of mitochondrial 
respiration [41].  
 

Among the solvent extracts of two plant species 
assessed, the non-polar solvent hexane extracts 
was the most toxic followed by methanol extract 
and then acetone extract. Similar observation 
was noticed by Kemabonta et al. [42] in which, 
hexane extract (LC50=19.49% v/v) of Lantana 
camera was more effective on An. gambiae 
larvae than ethanol extract (LC50=46.98% v/v) of 
that plant on mosquito larvae. This is also in 
agreement with the observation of Egunyomi et 
al. [43] in which the hexane extract of C. citratus 
killed more mosquitoes that came to physical 
contact of the extract than methanol plant extract 
indicating that the active compounds of these 
plant species might be more soluble in hexane 
solvent. Similar observation was reported with 
methanol extract of C. citratus that repelled more 
An. stephensis and An. culicifacies female adults 
compared to chloroform and water extracts of the 
plant [44]. 
 

From the results of this present investigation, 
essential oils of the two plant species 
significantly exhibited dose-dependent larvicidal 
property against larvae of An. gambiae. In the 
same way, the essential oil of C. giganteus 
showed a low insecticidal activity on An. gambiae 
eggs (LC50 of 107.77 µg/mL) and larvae (LC50 of 
64.4 µg/mL) but combined to Eucalyptus 
citriodora exhibited a significant larvicidal          
activity (7.33 µg/mL) and ovicidal activity                          
(13.64 µg/mL), respectively against An. gambiae 
[21]. 
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Indeed, plant essential oils constitute a complex 
mixture of phytochemical compounds including 
majorly monoterpenes and sesquiterpenes 
molecules which might act singly or in synergy 
causing the mortality of mosquito larvae [45]. 
Eight volatile components of essential oils 
compounds including (-)-perillyl alcohol, (-)-
isopulegol, (+)-limonene epoxide, (+)-limonene, 
terpinen-4-ol, terpinolene, (-)-carvone epoxide, 
and (-)-hydroxydihydrocarvone were revealed to 
be potent against 3rd instar larvae of An. 
gambiae s.s. [43]. Four p-menthadienol isomers 
as major molecules in C. giganteus and major 
terpenes in C. citratus essential oils including 
geranial (10%-48%) neral (3%-43%), borneol 
(5%), geraniol (2.6%-40%), geranyl acetate 
(0.1%-3.0%), linalool (1.2%-3.4%), and nerol 
(0.8%-4.5%) reported in the previous studies [27, 
46,47,48,49] might also be present in the 
essential oils assessed in this present study and 
probably might be the responsible of the insect 
mortality. From Benin, Nonviho et al. [50] and 
Bossou et al. [51] identified also geranial and 
neral in C. citratus, and E-p-mentha-1(7), Z-
carveol, E-p-mentha-2,8-dienol and 8-dien-2-ol in 
C. giganteus essential oils as major constituents, 
and were found potent against the malarial 
vector An. gambiae. From Cameroon, study 
conducted by Tchoumbougnang et al. [52] 
revealed acyclic monoterpenes including geraniol 
(15.6%), geranial (39.3%), neral (21.9%) and 
myrcene (14.0%) as the main compounds found 
in the essential oil of C. citratus are  such as 
which caused a remarkable larvicidal activity 
against An. Gambiae larvae. 
 

Globally, the toxic effect of essential oils is higher 
than those of extracts in this present study and 
could be attributed to their volatile properties with 
rapid action in insect. Because of their lipophilic 
nature, essential oils in the contact of insect 
organs might interfere immediately with 
behavioral, physiological and biochemical 
functions of insects explaining their rapid action 
compared to plant extracts [53]. Total breakdown 
of nervous system followed by the death of the 
insect occurs when essential oil molecules 
interfere with the neuromodulator GABA-gated 
chloride or octopamine channels causing 
therefore their disruption [54,55]. 
 

5. CONCLUSION 
 
Extract and essential oils of C. citratus and C. 
giganteus significantly exhibited larvicidal activity 
An. gambiae larvae.  Hexane extracts of C. 
citratus (LC50=58.32 mg/L) and C. giganteus 

(LC50=372.36 mg/L) were the most toxic for 
mosquito larvae compared to acetone and 
methanol extracts of the plants. Comparing the 
two plant species, C. citratus extracts tended to 
be more effective on An. gambiae larvae than C. 
giganteus extracts. In the same way, essential oil 
of C. citratus (LC50=27.98 mg/L after 1h) was the 
most potent against mosquito larvae assessed 
compared to C. giganteus (LC50=180.07 mg/L 
after 1h) leaf essential oil. Thus, hexane extract 
and essential oil of C. citratus may be considered 
as a best candidate for a new botanical 
insecticide to control An. gambiae larvae in their 
breeding sites. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Tamilselvan P, Chinnasamy R, Devarajan 

N. Larvicidal, pupicidal and adulticidal 
potential of Ocimum gratissimum plant leaf 
extracts against filariasis inducing vector. 
Int Journal Mosq Res. 2015;2(2):01-08. 

2. Tolle MA. Mosquito-borne diseases. Curr 
Probl Pediatr Adolesc Health Care. 2009; 
39(4):97-140. 

3. WHO. World Malaria Report. Geneva: 
World Health Organization; 2018. Licence: 
CC BY-NC-SA 3.0 IGO; 2018. 

4. The World Bank. International Develop-
ment Association Project Appraisal 
Document on a Proposed Credit in the 
Amount of $100 million and a Proposed 
Grant from the Multi Donor Trust Fund for 
the Global Financing Facility in the Amount 
of $27 million to the Republic of Cameroon 
for a Health System Performance 
Reinforcement Project; 2016. 

5. CMOP. Cameroon malaria operational 
plan for year 2017, Cameroon. U.S. 
President’s malaria initiative. 2017;64. 
(Accessed 15 February 2019) 

6. WHO. World malaria report, Geneva: 
World Health Organization; 2017. 
Available:http://www.who.int/malaria/public
ations/world-malaria-report-2017/en/, 
[Accessed 12 April 2018] 

7. Cheng SS, Liu JY, Huang CG, Hsui YR, 
Chen WJ, Chang ST. Insecticidal activities 
of leaf essential oils from Cinnamomum 
osmophloeum against three mosquito 
species. Biores Technol. 2009;100:457-
464. 



 
 
 
 

Batti et al.; JALSI, 21(1): 1-12, 2019; Article no.JALSI.48321 
 
 

 
10 

 

8. Dua VK, Pandey AC, Dash AP. Adulticidal 
activity of essential oil of Lantana camara 
leaves against mosquitoes. Indian J Med 
Res. 2010;131:434-439. 

9. Nwabor OF, Nnamonu EI, Emenike MP, 
Odiachi O. Synthetic insecticides, phyto-
chemicals and mosquito resistance.  Acad 
J Biotechnol. 2017;5(8):118-125. 

10. Oumarou MK, Younoussa L, Nukenine EN. 
Toxic effect of Chenopodium ambrosoides, 
Hyptis suaveolens and Lippia adoensis 
leaf methanol extracts and essential oils 
against fourth instar larvae of Anopheles 
gambiae (Diptera: Culicidae). Int J Mosq 
Res. 2018;5(1):61-66. 

11. Thomas A, Mazigo HD, Manjurano A, 
Domenica Morona D, Kweka EJ. 
Evaluation of active ingredients and 
larvicidal activity of clove and cinnamon 
essential oils against Anopheles gambiae 
(Sensu lato). Parasites Vectors. 2017; 
10:411. 

12. Abok JI, Ombugadu A, Angbalaga GA. 
Hyptis suaveolens extract exhibits 
larvicidal activity against Anopheles 
gambiae larvae Trop J Nat Prod Res. 
2018;2(5):245-249. 

13. Vivekanandhan P, Usha-Raja-Nanthini A, 
Valli G, Shivakumar MS. Comparative 
efficacy of Eucalyptus globulus (Labill) 
hydrodistilled essential oil and temephos 
as mosquito larvicide. Nat Prod Res. 2019: 
1-4. 
Available:https://doi.org/10.1080/14786419
.2018.1547290 

14. Vivekanandhan P, Senthil-Nathan S, 
Shivakumar MS. Larvicidal, pupicidal          
and adult smoke toxic effects of 
Acanthospermum hispidum (DC) leaf 
crude extracts against mosquito vectors. 
Physiol Mol Plant Pathol. 2018;101:156-
162. 

15. Vivekanandha P, Venkatesan R, 
Ramkumar G, Karthi S, Senthil-Nathan S, 
Shivakumar MS. Comparative analysis of 
major mosquito vectors response to seed-
derived essential oil and seed pod-derived 
extract from Acacia nilotica. Int J Environ 
Res Public Health. 2018;15:388. 
DOI: 10.3390/ijerph15020388 

16. Akhila A. Essential oil-bearing grasses: 
The genus Cymbopogon. New York: CRC 
Press; 2010. 

17. Negrelle RRB, Gomes EC. Cymbopogon 
citratus DC. Stapf: Chemical composition 
and biological activities. Rev Bras Plant 
Med. 2007;9:80-92. 

18. Silva CDBD, Guterres SS, Weisheimer V, 
Schapoval EE. Antifungal activity of the 
Lemon grass oil and citral against Candida 
spp. Braz J Infect Dis. 2008;12:63-66. 

19. Tyagi AK, Malik A. Liquid and vapor-phase 
antifungal activities of selected essential 
oils against Candida albicans: Microscopic 
observations and chemical characteriza-
tion of Cymbopogon citratus. BMC Compl 
Altern Med. 2010;10:65. 

20. Boukhatem MN, Kameli A, Ferhat MA, 
Saidi F, Tayebi K. The food preservative 
potential of essential oils: Is lemon grass 
the answer? J Verbr Lebensm. 2014;14(9): 
13-21. 

21. Obame-Engonga LC, Sima-Obiang C, 
Ngoua-Meye-Misso RL, Orango Bourdette 
JO, Ondo JP, Ndong Atome GR, Koudou 
J, Traoré SA. Larvicidal and ovicidal 
properties against Anopheles gambiae, 
antioxidant and antibacterial activities of 
the combination of essential oils 
Eucalyptus citriodora, Cymbopogon 
giganteus and Cymbopogon nardus from 
Gabon. J Multidis Engin Sci Technol. 2007; 
4(8):7887-7894.  

22. Phasomkusolsil S, Soonwera M. The 
effects of herbal essential oils on the 
oviposition deterrent and ovicidal activities 
of Aedes aegypti (Linn.), Anopheles dirus 
(Peyton and Harrison) and Culex 
quinquefasciatus (Say). Trop Biomed. 
2012;29(1):138-150. 

23. Kumar P, Sapna Mishra S, Malik A, Satya 
S. Housefly (Musca domestica L.) control 
potential of Cymbopogon citratus Stapf. 
(Poales: Poaceae) essential oil and 
monoterpenes (citral and 1,8-cineole). 
Parasitol Res. 2013;112(1):69-76. 
DOI: 10.1007/s00436-012-3105-5 

24. Olivero-Verbel J, Nerio LS, Stashenko EE. 
Bioactivity against Tribolium castaneum 
Herbst (Coleoptera: Tenebrionidae) of 
Cymbopogon citratus and Eucalyptus 
citriodora essential oils grown in  
Colombia. Pest Manag Sci. 2010;66(6): 
664-668. 

25. Kimbi HK, Fagbenro-Beyiokou AF. Efficacy 
of Cymbopogon giganteus and Enantia 
chlorantha against chloroquine resistant 
Plasmodium yoelii nigeriensis. East Afric 
Med J. 1996;73(10):636-637. 

26. Alitonou GA, Avlessi F, Sohounhloue DK, 
Agnaniet H, Bessiere JM, Menut C. 
Investigations on the essential oil of 
Cymbopogon giganteus from Benin for its 
potential use as an anti-infammatory 



 
 
 
 

Batti et al.; JALSI, 21(1): 1-12, 2019; Article no.JALSI.48321 
 
 

 
11 

 

agent. Int J Aromatherapy. 2006;16(1):37–
41. 

27. Jirovetz L, Buchbauer G, Eller G, 
Ngassoum MB, Maponmetsem PM. 
Composition and antimicrobial activity of 
Cymbopogon giganteus (Hochst.) Chiov. 
essential flower, leaf and stem oils from 
Cameroon. J Essent Oil Res. 2007;19: 
485-489. 

28. Kpoviessi S, Bero J, Agbani P, Gbaguidi F, 
Kpadonu-Kpoviessi B, Sinsin B,  
Accrombessi G, Frederich M, Moudachirou 
M, Quetin-Leclercq J. Chemical composi-
tion, cytotoxicity and in vitro anti-
trypanosomal and antiplasmodial activity of 
the essential oils of   four Cymbopogon 
species from Benin. J. Ethnopharmacol. 
2014;151:652–659. 

29. Perry RH, Green DW, Maloney JO.  
Perry’s chemical engineer’s handbook 7th                    
ed. Library of Congress Cataloging-in- 
Publication Data, USA. 2007;2471. 

30. Gillies MT, Coetzee M. A supplement to 
the Anophelinae of Africa south of the 
Sahara. South Afr Inst Med Res. 1987;55: 
143. 

31. Gillies MT, De Meillon B. The anophelinae 
of Africa south of the Sahara. South Afr 
Inst Med Res. 1968;54:343. 

32. Das S, Garver L, Dimopoulos G. Protocol 
for Mosquito Rearing (An. gambiae). JoVE. 
2007;5(2).  
Available:http://www.jove.com/index/Detail
s.stp?ID=221 

33. WHO. Pesticides and their application for 
the control of vectors and pests of public 
health importance: World Health Organiza-
tion, WHO Pesticides Evaluation Scheme. 
2006;113. 

34. Abbott WS. A method of computing the 
effectiveness of an insecticide. J Econ 
Entomol. 1925;18:265-267. 

35. Karunamoorthi K, Ilango K. Larvicidal 
activity of Cymbopogon citratus (DC) 
Stapf. and Croton macrostachyus Del. 
against Anopheles arabiensis Patton, a 
potent malaria vector. Eur Rev Med 
Pharmacol Sci. 2010;14:57-62. 

36. Araonu CF, Ike AC, Ngwu GI. Larvicidal 
effects of crude methanolic and n-hexane 
extracts of Cymbopogon citratus and 
Ocimum gratissimum on Anopheles 
gambiae mosquito. Nigerian J Parasitol. 
2018;39(1):30-34. 

37. Sukumar K, Perich MJ, Boobar LR. 
Botanical derivatives in mosquito control: A 

review. J Am Mosq Control Assoc. 1991;7: 
210-237. 

38. Rabha B, Gopalakrishnan R, Baruah I, 
Singh L. Larvicidal activity of some 
essential oil hydrolates against dengue 
and filariasis vectors. J Med Res. 2010; 
1(1):014-016. 

39. Bilal H, Hassan SA. Plants secondary 
metabolites for mosquito control. Asian 
Pac J Trop Dis. 2012 ;168-178.  

40. David JP, Rey D, Pautou MP, Meyran JC. 
Differential toxicity of leaf litter to dipteran 
larvae of mosquito developmental sites. J 
Invert Pathol. 2000;75:9-18. 

41. Usta J, Kreydiyyeh S, Bakajian K, 
Nakkash-Chmaisse H. In vitro effect                 
of eugenol and cinnamaldehyde on 
membrane potential and respiratory 
complexes in isolated rat liver 
mitochondria. Food Chem Toxicol. 2002; 
40:935-940.  

42. Kemabonta KA, Aninye A, Ajelara KO, Adu 
BW. Toxicity and repellency action of 
Lantana camara on Anopheles gambiae. 
Prod Agric Technol. 2014;10(2):54-64. 

43. Egunyomi A, Gbadamosi I.T, Osiname KO. 
Comparative effectiveness of ethno-
botanical mosquito repellents used in 
Ibadan, Nigeria. J Appl Biosci. 2010;36: 
2383-2388. 

44. Oluyemi OF, Ayodele AT, Oluyemi AK. 
Repellence activity of Cymbopogon 
citratus (DC) extracts on anopheles 
mosquitoes using Swiss albino rat and 
human volunteer. Open Parasitol J. 2018; 
6:32-40. 

45. Jaenson TG, Palsson K, Borg-Karlson AK. 
Evaluation of extracts and oils of mosquito 
(Diptera: Culicidae) repellent plants from 
Sweden and Guinea-bissau. J Med 
Entomol. 2006;43(1):113-119. 

46. Kweka EJ, Lima TC, Marciale CM, 
Pergentino de Sousa D. Larvicidal efficacy 
of monoterpenes against the larvae of 
Anopheles gambiae. Asian Pac J Biomed. 
2016;6(4):290-294. 

47. Idrissi A, Bellakhdar J, Canigueral S, 
Iglesian J, Vila R. Composition of the 
essential oil of lemongrass (C. citratus 
D.C.) Stapf. cultivated in Morocco. Plant 
Med Phytotherapy. 1993;24:274-277. 

48. Zheng GQ, Kenney PM, Tam TDT. 
Potential anti carcinogenic natural products 
isolated from lemongrass oil and galanga 
root oil. J Agric Food Chem. 1993;41:153-
156. 



 
 
 
 

Batti et al.; JALSI, 21(1): 1-12, 2019; Article no.JALSI.48321 
 
 

 
12 

 

49. Baruah P, Mishra BP, Pathak MG, Ghosh 
AC. Dynamics of essential oil of 
Cymbopogon citrates (D.C.) Stapf. under 
rust disease indices. J Essen Oil Res. 
1995;7:337-338. 

50. Nonviho G, Wotto VD, Noudogbessi JP, 
Avlessi F, Akogbeto M, Sohounhloué DCK. 
Insecticidal activities of essential oils 
extracted from three species of Poaceae 
on Anopheles gambiae spp, major vector 
of malaria. Sci Stud Res. 2010;11(4):411-
420. 

51. Bossou A, Mangelinckx S, Yedomonhan H, 
Boko PM, Akogbeto MC, De Kimpe N, 
Avless F, Sohounhloue DKC. Chemical 
composition and insecticidal activity of 
plant essential oils from Benin                 
against Anopheles gambiae (Giles). 
Parasit Vectors. 2013;6(1):337. 

52. Tchoumbougnang F, Dongmo PMJ, 
Sameza ML, Mbanjo EGN, Fotso GBT, 
Amvam Zollo PH, Menut C. Activité 

larvicide sur Anopheles gambiae Giles et 
composition chimique des huiles 
essentielles extraites de quatre plantes 
cultivées au Cameroun. Biotechnol Agron 
Soc Environ. 2009;13(1):77-84. 

53. Khater HF. Ecosmart biorational 
insecticides: Alternative insect control 
strategies, insecticides. Adv Integ Pest 
Manag Tech. 2012;708.  

54. Enan EE. Molecular and pharmacological 
analysis of an octopamine receptor from 
American cockroach and fruit fly in 
response to plant essential oils. Arch 
Insect Biochem Physiol. 2005;59:161-  
171.  

55. Priestley CM, Williamson EM, Wafford KA, 
Sattelle DB. Thymol, a constituent of 
thyme essential oil, is a positive allosteric 
modulator of human GABA receptors and 
a homo-oligomeric GABA receptor from 
Drosophila melanogaster. Braz J 
Pharmacog. 2013;140:1363-1372. 

_________________________________________________________________________________ 
© 2019 Batti et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/48321 


