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Abstract  

The use of repellant has been recognized as a reliable method of personal protection against annoyance and infections 

associate of with haematophagous insects. This study compared the repellant activity of volatile oil extract of 

Ocimum. gratissimum leaves and synthetic insect repellant (Advanced odomos) on the bite of blackflies. The O. 

gratissimum leaves volatile oil was extracted by hydrodistillation. The biting activity of the blackflies, and the 

repellant activity of the oil extract of O. gratissimum and the synthetic repellant (Advanced odomos) were  tested on 

the human's volunteers in Abraham Adesanya Polytechnic campus. The repellant activity of different concentrations 

of the volatile oil was determined. The result showed that volatile oil of O. gratissimum leaves (0.2%) has the highest 

level of effectiveness on blackflies, the synthetic repellant (Advanced Odomos) also showed a level of effectiveness 

almost close to O. gratissimum  at 0.24% concentration.  while the one with the lowest level of effectiveness was the 

liquid paraffin (control) of 0.33%. This result revealed that the oil of O. gratissimum which has 0.2% has the highest 

repellant activity compared to the other repelling agents. This strictly concludes that the extracts of volatile oil is more 

effective compared to the synthetic repellant and has the highest repellant activity followed by the synthetic repellant 

(Advanced Odomos) and the topical application of the volatile oil during the peak biting periods of the vector could 

be used the management and control of blackflies. 
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Introduction 

Repellents are substances that act locally or at a distance, altering an arthropod from flying to, landing on or biting 

human or animal skin most especially on the surface. Usually, insect repellents work by providing a vapour barrier 

deterring the arthropod from coming into contact with the surface (Nerio et al., 2010; Anuar, & Yusof, 2016). 

Among them, essential oils, complex mixtures of volatile compounds isolated from a large number of plants, have 

been found to have these properties against various haematophagous arthropods, some of them being the basis of 

commercial repellent formulations (Nerio et al., 2010). A large number of essential oil extracted from different 

families has been shown to have high repellency against arthropod species Some monoterpenes such as a-pinene, 

cineole, eugenol, limonene, terpinolene, citronellol, citronellal, camphor and thymol are common constituents of 

several essential oils described in the literature, as presenting insect repellent activity (Yang et al., 2004; Sai Shankar 

et al., 2013; Hanem et al., 2019). Among sesquiterpenes, b-caryophyllene is most cited as a strong repellent against 

A. aegypti (Lalthazuali, 2017). Repellent properties of several essential oils regularly appear to be associated with 

the presence of monoterpenoids and sesquiterpenes (Nerio et al., 2010; Sai Shankar et al., 2013). Today, worldwide 

consumption of synthetic repellents has increased to prevent losses in stored grains, fruits and other cellulosic 

materials infested by various pests, most of them are arthropods.   A similar situation occurs for human and animal 

health, where insecticides used to control vectors that transmit parasites or pathogens, many of them are resistant to 

these chemicals which have to be employed in larger amounts, due to the changes in global temperatures (Nerio et 

al., 2010; EPA, 2019).  Insect-borne diseases are a worldwide health problem, especially in tropical and subtropical 

climates (Yoon et al., 2015).  

Blackflies (Diptera, Simuliidae) are little insects well known worldwide because of their female adults’ bite on 

humans and cattle. Pre-imago stages are extremely specialized, as strictly related to running waters, and can be 
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found from snow melting brooks to large plane rivers(Crosskey, 2002; Currie & Andler, 2008; Simone et al., 2016; 

Ya’cob et al., 2016; Adler & McCreadie, 2019; Khanzadeh et al., 2020). Adult blackflies are predominantly 

nectarivorous − males exclusively − but females need a blood meal to complete their egg development, and so they 

actively search for vertebrates to bite. While biting they inject anticoagulant saliva into the host animal so that they 

can be vectors of etiologic agents such as viruses, nematodes (Ignjatovic-Cupina et al., 2016 ). The use of plant as 

source of insect repellants has been well appreciated. 

Ocimum gratissimum commonly called ‘scent leaf’ is cultivated around houses. It is a herb, which grows up to six 

feet high with an erect stem. Ethnomedicinally, it is used as a remedy for cold and catarrh, stomach pain, diarrhoea 

and piles (Oparaocha et al., 2010; Umar et al., 2019). Other documented ethnopharmacological activities of the herb 

include; antipyretic, diuretic, laxative and hepatoprotective and treatment for mental illness. It is also used as food 

spices by the people (Okwu., 2006; Ukoroije,  et al., 2018). Hence, this study examined the blackfly-bite-repellent 

activities of O. gratissimum grown in south-western Nigeria to verify the folkloric claim that it has black bite 

repellent property. 

 

Methodology 

Study Area 

The study was carried out at Abraham Adesanya Polytechnic, Ijebu-Igbo, between the months of June  and 

September, 2019. This period corresponds to the peak of activities of blackflies at the site. Ijebu-Igbo  is situated 

along  Jagbolu/Akanran road  in Ijebu North Local Government Local Government Area of Ogun Statea, Nigeria, 

The town is also located on the tropical rain forest belt with hot and humid climatic conditions. The Ijebu North 

Local Government is situated at 6.98
O
 North Latitude, 3.99

O
 East Longitude and 94 meters above the sea level. The 

indigenes of this Local Governments are mainly Ijebus (Yorubas) with a very low number of non-indigenous people. 

The campus was divided into four (4) areas; School of Science, Engineering Department, Hall and Biology 

Laboratory. 

 

Collection of Plant Sample 

Plant Extract  

The fresh plant sample (300 g) was chopped and filled into a 2 L quick fit round-bottomed flask and 1.5 L of distilled 

water was added. The flask was fitted with a hydrodistiller. The heat was applied using a heating mantle to boiling. 

Cooling with ice was applied at the condenser end of the hydrodistiller to avoid evaporation of the volatile essential 

oils. Also, n-Hexane was introduced at the cold end of the set up as the vehicle for the essential oil. At the end of the 

operation, a total of 15 ml of Hexane oil mixture was collected and stored in a glass bottle and kept. The  extract was 

later stored in a refrigerator until use. 

Repellent Test Method  

Each trial was conducted using five consented volunteers aged between 18 to 30 years were used to test the repellent 

activity of each of the repellent agents in each site. Three of the volunteers served as an experimental subject while one 

of the volunteers acted as the timekeeper. Each of the repellent creams was applied to each of the volunteers at the 

same time. i.e one with the volatile oil extracts of O. gratissimum, another with a synthetic insect repellent (Advanced 

Odomos) and the third with liquid paraffin. The repellent cream (3ml) was applied topically on the hands, forearms 

and legs at the same time.  Each of the volunteers was 5m apart and sat exposing their hands, lower legs and forearms 

at the site in Abraham Adesanya Polytechnic around the school of science, front of the engineering department, front 

of the hall, and front of biology lab for an hour each from 6 am-6 pm daily for a week. Any number of blackfly that 

came or perches to the exposed hands, lower legs and forearms were counted and checked for the time spent per hour.  

The repellant activity of the different repellants in each location was compared using the two-way analysis of 

variance (ANOVA), while percentage repellency was calculated according to Ukoroije et al., (2018) 

 

Results 
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The results are with a view of considering the effect of the repellant on the sample different day at a different 

location on the campus. Table 1 shows the number of catch per hour for this day in the school of science, it was 

observed that out of the three repellant agents, the volatile oil of O. grattisium was more effective than other repelling 

agents, the more O. grattisium was applied, the more effective it becomes compared to Advance Odomos which does 

not need to be reapplied due to its smell, and its less effective, liquid paraffin, on the other hand, does not have any 

repelling activity. Table 2, also show that Volatile oil of O. gratissimumis more effectivethan other repelling agents, 

although Volatile oil of O. gratissimumis more effective than other repelling agents, on the second day Advance 

Odomos becomes more effective than that of the first day with a higher number of black flies that pitches on the body 

while liquid paraffin carries the highest number of blackflies per day due to its non-repelling activity. 

 

Table 1: Number of catch per hour in school of sciences in day 1 between 6.00 am and 6.00 pm 

 

 

  

 

 

 

 

 

 

 

 

Table 2: Number of catch per hour behind school of scieces in day 2 between 6.00 am and 6.00 pm 

 

 

 

 

 

 

 

On the third day, Volatile oil of O. gratissimum has a higher number of flies, it was observed that out of the three 

repellant agents, the volatile oil of O. grattisium was more effective than other repelling agents, the more O. grattisium 

waa applied, the more effective it becomes compared to  Advance Odomos which does not need to be reapplied due 

to its smell, and its less effective, liquid paraffin, on the other hand, does not have any repelling activity. 

On the fourth day, liquid paraffin comes up with the highest number of black flies that pitches on the body on that day, 

though it still has the lowest level of effectiveness, Advance odomos shows a level of effectiveness that is almost 

closer to that of the volatile oil of O.gratissimum, the result shows that out of all the repelling agent volatile oil of O. 

gratissimum still shows the highest level of effectiveness. 

 Table 3: Number of catch per hour in front of school of scieces complex in day 3 between 6.00 am and 6.00 pm 

 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

(Natural Repellant) 

 

720 6 1.42 0.20% 

Advance odomos (Synthetic 

Repellant) 

 

720 3 1.58 0.22% 

Liquid paraffin  (control) 720 7 2.00 0.29% 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

 

720 7 1.08 0.15% 

Adavance odomos 720 8 2.33 0.32% 

 

Liquid paraffin  720 11 2.92 0.40% 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

 

720 9 1.83 0.25% 

Adavance odomos 720 5 2.92 0.27% 

 

Liquid paraffin  720 10 2.50 0.35% 
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Table 4: Number of catch per hour in front of the school hall in day 4 between 6.00 am and 6.00 pm 

 

 

 

 

 

The results in day five are closer to that of day four, Advanced Odomos still has a level of effectiveness that is closer to 

that of Volatile oil of O. gratissimum, while the liquid paraffin still has a higher percentage that depicts its 

ineffectiveness, nevertheless, the results show that Volatile oil of O. gratissimum is more effective compared to other 

repelling agents. 

Day six shows the number of catch per hour for this day in the school of science, it was observed that out of the three 

repellant agents, the volatile oil of O. grattisium was more effective than other repelling agents, the more O. grattisium 

waa applied, the more effective it becomes compared to  Advance Odomos that is less effective, liquid paraffin, on 

the other hand, does not have any repelling activity. From day seven which is the final day for our experiments, O. 

grattisium was more effective than other repelling agents, the more O. grattisium waa applied, the more effective it 

becomes compared to  Advance Odomos which does not need to be reapplied due to its smell, and its less effective, 

liquid paraffin, on the other hand, does not have any repelling activity.  

Table 5: Number of catch per hour in front of engineering department day 5 between 6.00 am and 6.00 pm 

 

 

 

 

Table 6: Number of catch per hour in front of engineering department day 6 between 6.00 am and 6.00 pm 

 

 

 

 

Repellant sample  Exposure Time 

(Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

 

720 7 1.42 0.20% 

Adavance odomos 720 4 1.50 0.21% 

 

Liquid paraffin  720 8 2.67 0.37% 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

 

720 7 1.42 0.20% 

Adavance odomos 720 8 1.67 0.21% 

 

Liquid paraffin  720 10 2.00 0.28% 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage 

(%) of Time  

Volatile oil of O. gratissimum 

 

720 7 1.42 0.20% 

Adavance odomos 720 6 1.83 0.25% 

 

Liquid paraffin  720 8 2.00 0.28% 
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Table 7: Number of catch per hour in front of engineering department day 7 between 6.00 am and 6.00 pm 

 

 

 

 

 

 

Figure 1: Showing the Comparative Analysis of three Repelling agents 

Discussion 

The O Ocimum grattisimum extracts showed a higher percentage of protection compared to other repelling agents, O. 

grattisimum had the highest protection which exhibits substantial repellant activity against the bite of blackflies 

followed by advance odomos. This observation was similar to the earlier reports of these plants by Aisen et al., 2003; 

Usip et al., 2006;  Oparaocha et al., 2010. This study also supports Girish and Shankarah, 2008 who reported that 

plants  have pesticide properties and is regarded as the most reliable source of eco-friendly biopesticide properties. 

The results of this investigation confirmed that O. gratissimum grown in Southern Nigeria has insect-repellent 

activity and could be used effectively to control the nuisance and adverse health impact of blackflies bites.The 

overall outcomes of this investigation confirmed that O. gratissimum grown in Nigeria has insect-repellent activity 

and could be used effectively to control the nuisance and adverse health impact of black bites. The findings support 

the observations of earlier researchers who tried the insect repellent activity of the volatile oil against mosquitoes 

(Padilha de Paula, 2003), and against blackflies (Usip et al., 2006; Oparaochaa et al., 2010; Ukoroije, Abowei, & 

Otayoor, 2018; Umar et al., 2019). Consequently, the oil could be used as an alternative, relatively safe, natural, 

insect-repellent to protect people from black bites at night when they are on the bed, and at dawn and dusk when 

Repellant sample  Exposure 

Time (Min) 

Blackflies 

per Day  

Total Time 

Spent per Day 

Percentage (%) of 

Time  

Volatile oil of O. 

gratissimum 

 

720 9 1.67 0.20% 

Adavance odomos 720 7 1.92 0.22% 

 

Liquid paraffin  720 10 2.50 0.35% 
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often due to poor housing and harsh climatic conditions as well as social and religious responsibilities stay outside 

their houses. Since the extraction technique is simple and the bases, as well as the plants, are abundant, the local 

people could be taught how to prepare the lotions. The formulation could equally help to supplement the protection 

afforded by window and door nets for those who because of cost and/or odour of permethrin do not like to sleep 

under insecticide-treated bednets (Oparaocha & Nwankwo, 2008). The considerable protection of the extract could 

serve as great relief to the people living in an endemic areas where the blackflies thrives. These black flies constitute 

both nuisance and vector of onchocerciasis. The topical application of  Ocimum. gratissimum leaves extracts would 

further reduce the vector access to the already reduced load of microfilaria achieved through ivermectin 

treatment,thereby reducing disease transmission and biting nuisance.The protection of this  repellant agent from O. 

grattisimum could appreciably serve as a great relief to the people living Ijebu Igbo in Ijebu-North local government 

area where black flies constitute both nuisance and vector of the disease (onchocerciasis) especially to the people 

whose daily activities exposed  them to insect bites usually along the river. 

Conclusion 

In conclusion, the study had shown that black flies are more active during the morning hours and early evening hours 

and prefer biting legs rather than heads or face. Several laboratories are screening different compounds of different 

nature and origin for flies repellent properties to develop a formulation giving similar or better protection, this study 

had shown that O. grattisimum has more repellant activity and it is more effective compared to synthetic insect 

repellant (Advance odomos), it was further discovered that paraffin has no repellant activity and is not effective on 

black flies. Conclusively O. grattisimum oils appeared to have no toxic effects in this study and history of herbal 

medicine use indicates its safety as well as represents an important tool to replace the synthetic products used today. 

This findings has also demonstrated the possibility of transforming the potential natural product into commercial 

repellent that will be affordable, and a natural product in the control, transmission and prevention of onchocerciasis 

caused by blackfly. 
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