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Abstract: - Mosquito-borne diseases are mostly harmful to children, and they are a 

public health problem in Myanmar. From April 2019 to March 2020, laboratory-reared 

Dagon Myothit North strain Aedes aegypti larvae were used to test the larvicidal 

properties of the Paung strain of Cymbopogon nardus (L) Rendle's leave and root 

essential oils. 100 grams of dried leaves and roots were separately extracted by the 

steam distillation method at 100°C for 3 hours and yielded 0.92 gm and 0.87 gm of 

essential oils. According to WHO, fifty third and fourth instar Aedes aegypti larvae were 

placed in 150 ml plastic cups with freshly prepared different concentrations of leaves 

and roots essential oil in 100 ml each of distilled water. Five replicates were done in 

the laboratory (26°C, 80%RH). The result revealed that 0.01g of leaves and root 

essential oil produced 100% knockdown within 60 minutes and 97.6% and 96.8% 

mortality within 24 hours, followed by 95.56%, 95.20% knockdown and 91.6 and 

90.8% mortality at 0.005g, respectively. The effective lethal concentrations (LC50 and 

LC90 values) for leaf essential oils were determined to be 0.0015g and 0.00499g, 

respectively, and 0.0014g and 0.00524g for root essential oils. The LC50 and LC90 values 

of essential oils extracted from leaves and roots were not significantly different. 

Although leaves essential oil was found to be more effective than root essential oil 

against Aedes larvae within 24 hours. The essential oil of Cymbopogon nardus leaves 

and roots exhibited strong larvicidal activity against Aedes larvae and can be used as an 

alternative biological control of Aedes larvae. 
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INTRODUCTION  

Mosquito-borne diseases such as Dengue fever (DF), 

Dengue Haemorrhagic Fever (DHF), malaria, filariasis, 
Japanese encephalitic (JE), and chikungunya are harmful to 
humans, and they are a public health problem in Myanmar 
[1]. Billions of people, primarily in tropical countries, are at 
risk from such diseases, which are transmitted by three 
different genera of mosquitoes: Aedes, Culex, and Anopheles 
species [2]. Aedes aegypti is one of the major vectors for 
dengue fever (DF), dengue hemorrhagic fever (DHF), 
chikungunya and yellow fever. Culex tritaeniorhynchus 
transmits Japanese encephalitis, and Culex quinquefasciatus 
is a major vector of filariasis. Anopheles dirus and An. 
minimus are major vectors of malaria in Myanmar. Mosquito 
vectors are generally controlled by insecticides, bio-control 
agents, and insect growth regulators. To control mosquitoes 
and mosquito-borne diseases, which have a worldwide 
health and economic impact, synthetic insecticide-based 
interventions are still necessary, particularly in situations of 
epidemic outbreaks and sudden increases of adult 

mosquitoes [3]. However, the indiscriminate use of 
conventional insecticides is fostering multifarious problems. 
85 to 90% of applied pesticides never reach target 
organisms. The mosquito control approach has been almost 
completely based on synthetic organic insecticides. It can 
cause a chemical hazard. Synthetic insecticides are toxic and 
adversely affect the environment by contaminating soil, 
water and air. Therefore, there is a need for alternative 
methods for environmental safety, biodegradable, low-cost, 
and indigenous methods for vector control. In an attempt to 
overcome these problems, great emphasis has recently been 
placed on research and development of pest control using 
natural plant products. Many active insecticidal materials 
have been derived from plant sources, i.e. nicotine, 
pyrethrins, and rotenones. Orange, lemon, and kaffir lime 
leave extract have been used as pest control against rice 
weevil Sitophilus oryzae infestation in stored rice and as 
mosquito repellent as well as larvicide [4-6]. 

Among the plants investigated to date, one showing 
enormous potential is the Cymbopogon nardus (L) Rendle, 
whose plant was collected from Kalama Mountain, Paung 
Township, Mon State. Cymbopogon nardus (L) Rendle, 
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Ocimum basilicas L and Eucalyptus globulus are familiar 
through the use of their leaves for culinary purposes and 
traditional medicine [7,8]. Apart from being used as a food 
flavoring and appetizer, its leaves, barks, fruits, and roots 
have been used as traditional medicine in Asian countries 
such as China, India, Myanmar, Thailand, Malaysia, and 
Indonesia [7-9]. In Myanmar, essential oil extract of 
Cymbopogon nardus (L) Rendle leaves and roots powder and 
essential oil are very useful for making pain-relieving 
traditional medicines and cooking used as food flavoring. 
These plants are available in many parts of the country, 
although they are abundantly present in hilly areas of 
Myanmar, India, and Cylone, several Mediterranean 
countries, many parts of Asia, Africa, and the Pacific Islands 
[10, 11]. It chemically contains a low percentage of volatile 
and essential oils and is used in conventional medicine to 
alleviate pain, treat stress, mitigate vomiting and even as an 
insect repellent [7,10]. Cymbopogon nardus (L). Rendle 
leaves and roots can begin to be harvested any time after the 
plants have reached a height of 20–60 cm. The essential oil 
of Cymbopogon nardus (L) Rendle plant obtained by steam 
distillation with a yield of 1.3±0.11% was analyzed by 
chromatographic method (GC/MS) and the main oil 
compounds were citronellal (37.87%), nerol (19.88%), 
citronellol (9.11%), elemol (7.40%), and gamma murollene 
(4.65%) [12]. 

Ocimum basilicum L and Eucalyptus globulus leaves 
yield essential oils containing a small amount of estragol, 
ocimene, linallol acetate, eugenol, 1-
epibicyclosesquiphellandrene, menthol, menthone, 
cyclohexanol, cyclohexanone, myrcenol and nerol [8]. 
Essential oils have also been reported to possess 
antibacterial, antifungal, mosquito larvicidal, insecticidal, 
and repellent activities [13–15]. The study of biologically 
active materials derived from plant sources can act as 
larvicides, insect growth regulators, repellents, and 
ovipositional attractants and have deterrent activities as 
observed by many researchers [16–18]. Essential oils have 
received much attention as potentially useful bioactive 
compounds against insects [19]. Larvicide, adulticide, and 
repellency are known to play an important role in 
preventing vector-borne diseases by reducing mosquito 
density and man-vector-contact. Natural plant products are 
safe for human beings when compared to those of synthetic 
or chemical insecticides and repellents. Therefore, Novak 
emphasized the urgent need for the investigation of 
phytochemicals as larvicide, ovicide, and repellents for 
mosquito control [20]. 

Cymbopogon nardus (L.) Rendle shows some 
propensity for the latter option. Cymbopogon nardus is a 
monocotyledonous plant in the Poaceae family whose 
essential oil has anti-fungal activity against Aspergillus and 
Penicillium fungus strains [21]. In addition, this essential oil, 
which contains mainly citronellal, geraniol, and elemol [22], 
has insecticidal effects on Aedes aegypti, a species of 
mosquito vector of dengue [23]. The genus Cymbopogon of 
the Poaceae family has been investigated for its 
pharmacological potential. Cymbopogon nardus (L.) Rendle, 
popularly known as citronella, is a grass cultivated in 
subtropical and tropical regions of Asia, Africa, and America, 
including Brazil [24]. The Essential oil of the leaves of 
Cymbopogon nardus is commonly used in perfumes, the 
production of cosmetics, and as an insect repellent. The 
major chemical constituents are geraniol, citral, citronellal, 
and citronellol [25]. Other studies revealed the antiviral 

[26], antibacterial [27], and antifungal [28,29] activities of 
this oil. In the study by Silva et al. [30] involving compounds 
isolated from the essential oil of Aristolochia trilobata, the 
monoterpenes p-cimene and limonene stood out, revealing 
a lot of toxicity for the larvae of Aedes aegypti, although α- 
and β-pinene monoterpenes also have larvicidal activity. 
However, there is no derivative of Cymbopogon nardus (L). 
Rendle leaves and roots: essential oil on Aedes mosquito 
larvae has not been mentioned as an insecticidal agent in 
Myanmar. As a result, research into the larvicidal action of 
Cymbopogon nardus (L) Rendle leaves and roots essential oil 
extract on 3rd and 4th instar Aedes larvae will aid in future 
vector control efforts in an environmentally responsible 
manner. 
 
MATERIALS AND METHODS 
 
Mosquito larvae raining  
Aedes aegypti mosquito larvae and adults Aedes mosquitoes 
emerged from pupae were reared in the laboratory of the 
Medical Entomology Research Division, Department of 
Medical Research. Larvae were fed on DMR larva food. 
Adults were given a 10% sucrose solution and a blood meal 
from an 8-week-old mouse. Mosquitoes were held at 
26±2°C, 65–75% relative humidity, with a photoperiod of 12 
h light and 12 h dark. The insecticidal properties of steam 
distilled essential oil of Cymbopogon nardus (L) Rendle's 
leaves and roots, which were collected from Kalama 
Mountain, Paung Township, Mon State from April 2019 to 
March 2020, were tested using laboratory-reared larvae and 
mosquitoes. 
 
Mosquito species identification 
Larvae and adult mosquitoes emerging from larval surveys 
were identified by morphological methods according to the 
key of Rampa and Prachong [31]. 
 
Collection and preparation of essential oil from the leaves 
and roots of Cymbopogon nardus (L) Rendle 
Cymbopogon nardus (L) Rendle, Myanmar name Sabalin 
leaves and roots were collected from Paung Township, Mon 
State. A total of 10 kilos of Cymbopogon nardus (L) Rendle 
leaves and roots were cleaned and dried in a shed at room 
temperature for 7 days. Dried leaves and roots were 
separately ground by a grinding machine to make powder 
and finely ground. 100 g each of dried leaves and root 
powder were separately extracted with 800 ml of distilled 
water by the steam distillation method at 100°C for 3 hours. 
Complete removal of the solvent from the extract was 
accomplished in a glass rotary evaporator. The resulting 
0.92 gm of essential oil was obtained from 100 gm of dried 
leave powder and 0.87 gm of essential oil was obtained from 
100 gm of dried root powder. The essential oils were stored 
at 4°C until use. The extraction was done in the Department 
of CRDC, Yangon. 
 
Larvicidal testing procedure 
Based on preliminary tests, further dilutions were prepared 
with distilled water. Different concentrations of essential oil 
of leaves and roots of Cymbopogon nardus (L) Rendle as 
0.01g, 0.005g, 0.0025g, 0.00125g, and 0.000625g of 
essential oil of leaves and roots of Cymbopogon nardus were 
prepared freshly in 100 ml each of distilled water in 150 ml 
plastic cups. Fifty (50) 3rd and 4th instar Aedes aegypti larvae 
were put into different concentrations and also a negative 
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control test was done simultaneously. Detail testing was 
done according to the standard method [32]. Larvae were 
exposed for 24 hours in different concentrations in the 
laboratory at 27-29°C and 70-80% relative humidity for 
each replication. Five replicates were carried out, and 
knockdown was checked and recorded after a 60minute 
exposure period, and mortality was checked and recorded 
after a 24 hour exposure period. Knockdown and dead 
larvae were identified when the larvae failed to move after 
probing with a needle in the thorax region of the body. 
Lethal concentration LC50 and LC90 values for 95% 
confidential limits were calculated by the following formula 
[33]. 
 

X2= (O-E)2 / E x (100-E) 
 
(X2   stands for Chi squire, O stands for observed value, E 
stands for expected value, and O-E stands for observed 
minus expected) 
 
Data analysis 
Data entry and processing were done using Microsoft Excel 
software. Average larval mortality data were subjected to 
probit analysis to calculate LC50 and LC90 values, as well as 
other statistics at 95% confidence limits of upper and lower 
confidence limits [33], and chi-squared values were 
calculated using dose-effect probit analysis. Results with p 
0.05 were considered to be statistically significant. 
 
 

RESULTS AND DISCUSSION  
 
According to Bowers et al. [34], the screening of locally 
available medicinal plants for mosquito control would 
generate local employment, reduce dependence on 
expensive imported products and stimulate local efforts to 
enhance public health. Plant parts contain a complex of 
chemicals with distinct biological activity [35, 36], which is 
thought to be due to toxins and secondary metabolites that 
act as mosquitocidal agents [37]. Natural products are safe 
for humans when compared to those of synthetic 
compounds and chemical insecticides. Mosquitoes alone 
infect over 700 million people each year with diseases such 
as malaria, filaria, dengue hemorrhagic fever (DHF), dengue 
fever (DF), Japanese encephalitis, Zika, and yellow fever 
[38]. Therefore, the control of mosquitoes is an important 
public health problem around the world. Aedes aegypti 
(Culicidae) occurs in tropical countries like Asia, Africa, and 
Central and South America and transmits four different 
types of flavivirus viruses (as DNV1 to DNV4), etiologic 
agents of human diseases like DF and DHF dengue, Zika, and 
yellow fever. Chemicals and synthetic insecticides used for 
control of vectors are causing irreversible damage to the 
eco-system and human beings and animals. The 
indiscriminate use of insecticides to control dengue has 
aided the emergence of resistant populations of Aedes 
aegypti, as well as having negative consequences such as 
long-term persistence in the environment [39-41]. An 
alternative would be the use of natural insecticides to 
control this vector. 

 

 

Fig.1. Knockdown and mortality effect of different dilutions of essential oil of Cymbopogon nardus (L) Rendle leaves 
against 3rd and 4th instars of Aedes aegypti larvae. 

Fig.1. shows that the knockdown effect of Aedes aegypti larvae was found to be 100% knockdown at 0.01g in essential oil of 
Cymbopogon nardus (L) Rendle, followed by 95.56% knockdown at 0.005g dilution of essential oil. The lowest knockdown 
effect of 9.2% was found at a 0.000625g dilution of essential oil of leaves. The highest mortality rate of Aedes aegypti larvae 
was found to be 97.6% at 0.01g, while the effective mortality rate was found to be 90.6% at 0.005g dilution of the leaves 
essential oil, mortality effect was found at 16.8% of larvae at a 0.000625g dilution of leave essential oil. The same result has 
been found in the essential oil of the Kisumu strain Cymbopogon nardus in Kenya, which revealed 100% mortality at 80ppm 
on sensitive larvae from Kisumu and 200ppm on wild larvae [12]. 
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Fig.2. shows the knockdown and mortality effects of different dilutions of essential oil of Cymbopogon nardus (L) Rendle 
roots on Aedes aegypti larvae in the third and fourth instars. 

Fig. 2. shows that the effective knockdown effect of Aedes 
aegypti larvae was found at 100% at 0.01g in the roots of 
Cymbopogon nardus, followed by 95.20% knockdown at 
0.005g dilution of essential oil. The lowest knockdown effect 
of 28.40% was found at a 0.000625g dilution of essential oil 
of root. The highest mortality rate of Aedes aegypti larvae 
was found at 96.8% at 0.01g and effective mortality was 
found at 90.8% at 0.005g of roots of Cymbopogon nardus, 
followed by 68.4% at 0.0025g dilution of root essential oil. 
The lowest mortality effect was found to be 23.20% of larvae 
were dead at a 0.000625g dilution of root oil. Other 
researcher observed that the larvicidal properties of leaves 
and root essential oil from Cymbopogon nardus were found 
to be very low amounts that were needed to destroy 3rd and 
4th instar larvae. Brito and his party observed that at the 
concentration of 2.5L, 63.33% of the larvae died after 24 
hours, 83.33% with 7.5L and 100% mortality with 10L 
against Aedes aegypti mosquito larvae [42]. It may be due to 
the fact that Cymbopogon nardus essential oil contains 
phytochemicals such as oxygenated monoterpenes 
(Citronellal, Geraniols, Cetronellol) and hydrocarbon 
sesquiterpenes (Elemol), which are very effective larvicidal, 

pupaecidal, and ovicidal in nature [22, 42]. Table 1. shows 
that LC50 and LC90 values of Cymbopogon nardus leaves and 
roots essential oil against 3rd and 4th instar Aedes aegypti 
larvae were observed at 0.0015g and 0.0014g for 50% 
mortality and 0.00499 and 0.00529g for 90% mortality, 
respectively. Aedes larvae were killed by a small amount of 
essential oil extracted from the leaves and roots. For 50% 
mortality, the lethal concentration (LC50) of leaves and root 
essentials was 0.0015g and 0.0014g, and for 90% mortality 
(LC90), lethal doses were 0.0049g and 0.0052g. Another 
sensitivity of Cymbopogon nardus essential oil tests in Kenya 
performed on 3rd instar Anopheles gambiae larvae revealed 
that the larvicidal properties of the lethal concentrations 
(LC50) figures obtained were 36.83 ppm and 97.33 ppm for 
the Kisumu strain and the local wild population, 
respectively. The LC90 adopted the same trend with 55.72 
ppm and 147.9 ppm, respectively, for sensitive and wild 
larvae. The essential oil of Cymbopogon nardus was very 
effective for controlling Aedes larvae. It may be due to the 
high content of main oil compounds such as citronellal 
(37.87%), nerol (19.88%), citronellol (9.11%), elemol 
(7.40%), and gamma murollene (4.65%) [12]. 

Table (1.) LC50 and LC90 values of essential oil of Cymbopogon nardus leaves and roots on Aedes aegypti larvae in the third 
and fourth instars. 

Treatment Hours Essential 

oil 

X2 df LC50 corrected limits and 95 

% confidence interval    

(upper and lower limit (gm) 

LC90 corrected limits and 95 

% confidence  interval 

(upper and lower limit) (gm) 

Leaves of 

Cymbopogon 

nardus 

24 Oil of 

Leaves 

3.0216 4 0.0015g 

 

0.00499 

 

Roots of 

Cymbopogon 

nardus 

24 Oil  of 

roots 

2.1131 4 0.0014g 

 

0.00529 
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Although other studies of leaf essential oil extracts of Ocium 
basilicum revealed a moderate LC50 and LC90 value of 141.95 
ppm and 445.12 ppm, respectively, against early fourth 
instars of Ae aegypti for 24 h. The investigations also showed 
that oil did not have any hormono-mimetic effects as it did 
not result in the formation of any larval-pupal 
intermediates. A recent study of Ocium basilicum leaves 
essential oil found very small amount of essential oil need to 
destroyed Aedes larvae, LC50 and LC90 found to be 0.017g and 
0.0576g for 50 and 90% killing of 3rd and 4th instar larvae of 
Ae. aegypti [43].  However, the basil essential oil exhibited 
significant effective repellency against adult Ae. aegypti 
[14,43]. For Eucalyptus globulus, 0.1 mg/mL of essential oil 
has been tested against Ae. aegypti larvae and showed >80% 
mortality [44]. Additionally, another study of Eucalyptus 
globulus essential oil against 3rd instar A. aegypti larvae 
found 20% mortality at 1000 mg/L [45]. For 50% and 90% 
mortality, the current study of Cymbopogon nardus leaves 
and roots essential oil requires a very small amount of oil 
(LC50= 0.0015g, 0.0014g and LC90= 0.00499g, 0.00521g). 
The essential oils of Cymbopogon nardus collected from 
Paung Township, Mon State, may contain a high level of 
larvicidal compounds such as citronellal, geraniol, and 
elemol. 

These results contrast with those previously 
obtained by Koumaglo in 2004, who reported that citronellal 
and geraniol are the majority compounds, with respective 
levels of 47.80% and 25.00% in samples of Cymbopogon 
nardus in Benin [46]. Similarly, Silou analyzed the essential 
oil of Cymbopogon nardus from Congo-Brazzaville and found 
citronellal (44.87%) and geraniol as major compounds 
(22.99%) [47]. Abena obtained citronellal (41.3%) and 
geraniol (23.4%), which are mainly present in this essential 
oil in Benin [48]. Veloso et al., [49] describe the larvicidal 
activity of the essential oil of the species Cymbopogon nardus 
(Citronella) collected in a northern Brazilian state against 
the Aedes aegypti, with aliquots of 5, 7.5, and 10L with 
greater larvicidal action, and found 100% of dead larvae of 
the exposed vector in the first 6 hours, showing the potential 
of the essential oil to counter the development and 
proliferation of this vector. The yield of essential oil 
obtained for Cymbopogon nardus is significantly higher than 
that obtained in Brazil (0.4%) by Rios [50]. These results can 
be explained by the influence of certain particular factors 
such as the growing season, harvest condition, origin, 
climatic and edaphic conditions of each region on the plant 
[51]. And associates described the effects of sublethal 
concentrations and constituent compounds (citral and 
geranyl acetate) of Cymbopogon flexuosus essential oil on the 
development of Aedes aegypti and found that all geranyl 
acetate concentrations decreased egg hatching and 
increased the larval length and head width compared with 
the control group. Cymbopogon flexuosus essential oil caused 
a similar effect to diflubenzuron, namely decreased 
hormone concentrations, an extended larval period, and 
death [52]. 

Another study of Citrus hystrix fruit extract found 
higher larval mortality. The dry fruit and peel extracts 
resulted in significantly higher 100% mortality (P <0.05) 
when compared to the mortality (86.8%) caused by internal 
material of Citrus hystrix fruit at a concentration of 
0.1gm/100ml against Aedes larvae. The dose of 
0.0125g/100 ml of Citrus hystrix fruit extract was found to 
be 100% protection from oviposition of gravid Aedes aegypti 
mosquitoes in the laboratory [53]. The toxicity study of the 

essential oil of Cymbopogon nardus has been confirmed on 
eggs and larvae of Aedes aegypti [54]. Cymbopogon nardus 
shows very interesting activity compared with that obtained 
on larvae of Anopheles stephensi and Ajuga remota for 330 
ppm in 24 hours and 290 ppm in 48 hours [55]. In addition, 
important pharmacological properties of the essential oil of 
Cymbopogon nardus (L.) Rendle include anti-tumor, anti-
nociceptive, and antibacterial activities, and so an 
investigation of this compound against pathogenic fungi is 
interesting [29]. The essential oils of Cymbopogon nardus 
leaves and roots collected from Paung Township, Mon State, 
very effective and toxic to control third and fourth instar 
Aedes larvae in water storage containers in DHF prone areas. 
 
CONCLUSION 
 
Therefore, the study concluded that Cymbopogon nardus (L.) 
Rendle leaves and root essential oil extracts were very 
effective to control larvae and they can be used as a 
larvicidal agent against Aedes aegypti mosquitoes. Further 
studies on the identification of active compounds and field 
trials are needed to recommend the active fraction of 
Cymbopogon nardus (L.) Rendle leaves and roots essential 
oil extracts for the development of eco-friendly chemicals 
and indigenous plant base materials were developed for the 
protection of Aedes larvae density. To avoid mosquito 
resistance to chemical/synthetic insecticides and to protect 
the environment and public health, native larvicidal and 
insecticidal plant base extracts or essential oils have been 
suggested as an alternative source of material for mosquito 
larval control in the public environment. An insect repellent 
of plant origin ought to be well-defined and harmless to 
humans and other non-target organisms. Therefore, use of 
these botanical derivatives in mosquito control could reduce 
the cost and environmental effects. The study documented 
the promising larvicidal, ovicidal, and repellent potential of 
essential oil extracts of Cymbopogon nardus (L.) Rendle 
leaves and roots, which could be considered as a potentially 
alternative source for developing novel larvicides to be used 
in controlling vectors of mosquito borne diseases. 
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