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Abstract 

Background: Safety concerns over the use of chemical-based pesticides are provoking intense 

studies and application of bio-pesticides in disease control and agriculture. Aim: This qualitative 

study was aimed at testing the repellent efficacy; and suitability of Cymbopogon citratus 

(Lemongrass) for the development of natural product-based mosquito repellent. Method: 

Cymbopogon oil (75ml) was extracted from 200g of fresh Lemongrass leaves using Soxhlet 

method with n-Hexane as solvent. Human volunteers were topically treated with 2ml and 6ml of 

Cymbopogon oil applied on exposed areas of the body at night; and observed for 4hrs 30mins. 

Direct test on mosquitoes in captivity was conducted using a 2-chambered insect box treated 

with 4 ml of oil in one chamber. Results: Human subjects were free from mosquito bites for 3 

hours. Mosquitoes in captivity exhibited active movement away from oil-treated chamber of the 

box within the first minute of application; 43% repellency and 100% mortality were recorded 

after 18 minutes. Conclusion: Findings suggest that Cymbopogon citratus extracts could be used 

for the production of potent chemical-free and safe mosquito repellent and insecticide for vector 

control in the fight against malaria and other mosquito-vectored diseases. However further 

studies and qualitative analyses are necessary to determine suitable concentrations for human 

topical application. 
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1. Introduction 

 

Mosquitoes have been implicated in the transmission of very debilitating and deadly diseases to 

humans; such as malaria, filariasis, dengue fever and yellow fever. Little wonder that the quest 
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for the control of this arthropod vector have remained a major focus in disease control / 

eradication programmes; which could be traced back to the earliest global malaria eradication 

effort of residual insecticidal campaign [1]. Apart from the use of insecticides for residual house 

spraying and other basic strategies targeted at the vector, the fight against mosquito-borne 

infections also engages preventive measures to avoid or reduce vector-man contact, such as 

avoiding places of high mosquito densities, wearing protective clothing outdoors, use of bed and 

window nets, and use of mosquito repellents, etc. These formed part of the Global Malaria 

Control Strategy [2–5]. These have today come to constitute the components of integrated vector 

control.  

 

Mosquito control has been known among people of many cultures around the globe. A variety of 

local mosquito control practices have been documented in the past few decades; such as the use 

of traditional fumigants made from natural products as source of deterrent smoke, e.g. herb 

smoke in Burundi, [6]; burning of cassava chips and herbs in Ghana [7]; burning of bark of the 

tree Daniella oliveri in Gambia, [8]; and other such fumigants in Sri Lanka [9]. The use of a 

paste (Thanaka) derived from Limonia acidissima (the wood apple tree) for skin application as 

repellent had been reported in Thailand [10][8]. In some parts of Nigeria deterrent smoke from 

palm kernel shells and dried orange peels serve the purpose. These indicate the long existing use 

of natural products to control mosquitoes, earlier before the current trend in bio-pesticide use. 

There is evidence that the use of biological control agents against mosquitoes grew in the 

beginning of the 20
th

 Century, but reduced with the discovery of the insecticidal properties of 

Dichlorodiphenyl trichloroethane (DDT) in 1939 [11]. However, the gradual development of 

resistance by many species of insects, suggested association with human cancers [4] and other 

public health problems [12], the use of DDT  dwindled, even as it was banned in the USA in 

1973[13].  

 

Commercially available chemical-based insecticides and repellents are known to contain harmful 

and poisonous compounds which could pose threats to human health and toxicity to non-target 

organisms [14]. The repellent efficacy of the chemical N,N-diethyl-3-methylbenzamide  (DEET) 

over other products made it the compound of choice in pesticides [15]. However, concerns of its 

safety have not ceased to be considered. The effects on human health, aquatic species and the 

environment have been reviewed [16],[17],[18]. The seeming renewed focus on natural product-

based repellents sets to replace hazardous chemical-based products with safe alternatives; hence 

the concept of green pesticides [19]. 

 

Studies have demonstrated the insecticidal effect of plant products, which make them suitable as 

safe pest control products. Essential oils from a variety of plant species have been used as very 

effective pest repellents; such as Cymbopogon nardus, Cymbopogon excavatus, Azaradicta 

indica, Eucalyptus maculata etc. [11].  Etta and others reported the insecticidal property of 

Ocimum gratissimum extract on wild-caught adult Anopleles mosquitoes [20].  

  

Cymbopogon citratus (Lemon grass) oil has been known as effective insect repellent; its 

effectiveness in mosquito repellence has also been documented [21],[22]. This study was aimed 

at testing the mosquito repellent property of Cymbopogon citratus on human volunteers and 

mosquitoes in captivity, to determine its suitability as natural product-based mosquito repellent. 
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2. Methods 

 

Extraction of Lemongrass Oil   

Fresh leaves of Cymbopogon. citratus (lemon grass) were sliced and ground. Two hundred 

grams (200g) of ground leaves were placed in a porous thimble, for oil extraction using the 

Soxhlet extraction method, with n-Hexane solvent. About 75ml of oil, weighing 36.4g, was 

extracted and stored in the refrigerator at 4
o
C. 

 

Collection of Mosquito Specimens  

Mosquitoes were collected in an open area using a sieve net and safely transferred into an insect 

box. This was repeated severally to obtain the desired number of mosquito samples.  The 

mosquitoes were taken to the Biology laboratory, Department of Biological Sciences, Cross 

River University of Technology, Calabar, and identified as Anopheles species by an entomologist 

before the test.   

 

Test of Repellent Activity of C. citratus on Human Volunteers 

The test was conducted at Cross River University of Technology, Calabar Campus Hostel, Hall 

2. Five student volunteers participated in the study; 2 of them applied 2ml and 2 applied 6ml of 

lemon grass oil topically on the legs, arms and head (including the ear), while 1 did not apply oil 

and was used as control. All volunteers were awake and reading throughout the duration of the 

experiment in a hostel room where relative abundance of mosquitoes was previously established. 

The experiment was observed for 4 hours thirty minutes (from 22.00 hours to 02:30 hours). 

Results recorded included individual observations by each volunteer and the researchers; with 

respect to mosquito landing attempts/bites, place of bites, number of bites and time interval 

between bites.  

 

Test for repellent activity of C. citratus on mosquitoes in captivity 

The laboratory experiment was conducted using an insect box designed with a surface area of 

2756cm
2
; with an open surface covered with net. The box had two chambers, A (lemon grass oil-

treated) and B (untreated), with an opening linking both. A petri dish containing 6ml of 

Cymbopogon oil was placed in chamber A; and thirty (30) freshly caught, live mosquitoes were 

carefully transferred into same chamber of the box. Timed observations of the reaction of 

mosquitoes were recorded.  

 

Ethical considerations  

Ethical approval for the study was obtained from the Chief Medical Director of the Cross River 

University of Technology, through the Dean, Student Affairs Division of the University. 

Informed consent was obtained from all volunteers that participated in the research.    

 

3. Results 

 

Repellent Activity of C. citratus on Human Volunteers 

The test volunteers experienced zero mosquito landing attempts and bites until three hours, while 

the control volunteer had mosquito landings and bites within 2 minutes of the experiment. One 

volunteer who applied 2mls of C. citratus oil had a bite at 3 hours into the experiment (01.00 

hours), while one who used 6ml of oil experienced a bite only 1 hour 30 minutes later at 02:30; 
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that is 4 hours 30 minutes from start of experiment. Of 30 mosquito landing attempts/bites 

experienced during the study, 21(70%) were on the control subject; 8(27%) on the volunteer with 

2ml of oil and 1(3%) on the volunteer with 6ml of oil (Table 1). 

 

Repellent activity of lemon grass oil on mosquitoes in captivity 

Mosquitoes were observed to fly restlessly exhibiting frantic attempts to escape from the test 

box; and 13 (43%) flew away from the oil-treated section (A) into the untreated section (B) of 

the insect box within the first minute of exposure. However, 17 (57%) mosquitoes were knocked 

down, among which those that got in direct contact with the oil died within few minutes; but by 

the 18
th

 minute, 100% mortality was recorded in section A (Table 2). 

 

Table 1: Time-dependent mosquito repellence by lemon grass oil on human subjects. 

Quantity of 

Oil applied 

    Number of Landing attempts/bites in time (Hours) 

                          (average values) 

 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 Total 

2ml 0 0 0 0 0 1 0 2 5 8 

6ml 

0 (control) 

0 

3 

0 

3 

0 

2 

0 

4 

0 

2 

0 

2 

0 

2 

0 

1 

1 

2 

1 

21 

Total 3 3 2 4 2 3 0 3 8 30 

Source: Study result 

 

Table 2: Effect of lemon grass oil on mosquitoes in captivity. 

Effect  of 

oil 

                        Time interval (minutes) Total 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18  

Repellence: 

N(%) 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13(43) 

Mortality; 

N(%) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 17(100) 

Total                   30 

Source: Study result 

 

4. Discussion 

 

The study with human volunteers provided a real case situation for confirmatory observations on 

the repellent activity of lemon grass oil against mosquitoes. Mosquitoes usually make 

surreptitious landings on exposed skin to feed; reason why the wearing of protective clothing 

stands as a good measure of preventing man-vector contact, a primary method of malaria 

prevention [23]. Application of lemongrass oil prevented landing attempts and bites by 

mosquitoes; and this verifies already documented evidence that C. citratus extract is a potent 

mosquito repellent [21, [22].  

 

However, the interval of protection is a matter of concern; in this study, lemon grass oil provided 

anti-mosquito protection for 3 hours after which landing attempts and bites were experienced. 

This observation would corroborate previous records of volatility of plants essential oils [11]; 
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hence the duration of repellence might be undoubtedly connected with the concentration of oil. 

Using different volumes (2ml and 6ml) of the oil gave a suggestive result to consider that the 

intensity of oil could have relevance with its retention time on the skin and hence interval of 

protection. Only one bite was experienced by the volunteer who applied 6ml of oil and at 4 hours 

thirty minutes of experiment; by which time there were already 5 landing attempts/bites on 

volunteer with 2ml of oil. While the difference in volume is not equal to difference in 

concentration, it is assumable that at a higher level the essential oil would persist longer. This 

could also be explained from the result of laboratory test with mosquitoes in captivity. 

Mosquitoes which escaped from the oil-treated chamber of the insect box survived, while those 

that remained longer within the influence of the volatile oil were knocked down and eventually 

killed after 18 minutes. It is obvious that all the mosquitoes would have flown away from the 

source of discomfort (oil) if they were not in captivity.  

 

Further, quantitative, studies would beam on the issue of interval of protection and provide 

useful guide for commercial production of lemon grass oil repellent for topical application 

against insect vectors. It would also provide reliable information for use of the extract in local 

mosquito prevention and control practices. Considering the high volatility, commercial 

formulation of plant-based repellents from essential oils would have to use fixatives to maintain 

longevity of their action [24].  

 

The study with live mosquitoes also confirmed the insecticidal property of lemon grass oil, [25], 

[26], [27]. Assumed to be safer, compared with chemical based pesticides [11], [24], lemon grass 

oil would serve as a very effective natural product-based repellent and insecticide.   

 

5. Conclusion 

 

This study reports the repellent and insecticidal properties of Lemon grass oil against malaria 

mosquitoes in the study area; and contributes to the growing literature on safe bio-pesticides for 

disease control. While commercial formulations should be expected, local use of this and other 

plants essential oil is recommendable to prevent man-vector contact in local communities where 

transmission rates are high but healthcare interventions are lacking. While this study did not 

consider chemical composition and characterization of C. citratus essential oil, indeed, in-depth 

and continuous studies in the area of health and environmental safety of bio-pesticides are of 

immediate necessity in the midst of current global awareness for natural products. 
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