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ABSTRACT 
 

In this study, the essential oil (EO) of the aerial parts of Foeniculum vulgare Mill (Umbelliferae: Apiaceae) was 

extracted by hydro-distillation and subsequently, its chemical composition was analyzed using gas 

chromatography (GC) and the profile was identified by gas chromatography-mass spectrometry (MS). Then, its 

larvicidal potential was evaluated against the larvae of Aedes caspius (Pallas, 1771). Using the CPG-MS 

analyses fourteen volatile compounds representing 99.22% of the essential oil were identified; namely are: 

Camphor (38.2%), Fenchone (28.24%) and o-Cymene (11.44%) which were predominant in the EO of 

F.vulgare. The toxicity of the EO was evaluated, after 24h of exposure time, against the fourth instar larvae of 

Aedes caspius and the sublethal and lethal concentrations, LC25, LC50 and LC90 values were estimated with their 

confidence limits and their values are 27.65, 37.76 and 70.40 µl respectively. The obtained bioassay results 

showed that F. vulgare EO exhibited a toxic effect against Ae. caspius larvae with a dose-response relationship. 

Based on the results of the toxicity of F. vulgare EO, it can be concluded that, the present aromatic plant species 

showed a significant toxicological effect and could be used as a promising alternative for the mosquito control. 

This result opens interesting perspectives for its application in the production of a new source of various 

larvicidal active compounds for controlling mosquito vectors. 
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1. INTRODUCTION 
 

Mosquitoes are one of the major causative agents of 

devastating diseases like dengue, chikungunya, 

malaria, yellow fever, filariasis, Japanese encephalitis, 

Zika and lyme which result in millions of deaths each 

year [1,2]. These arthropod disease vectors are 

generally controlled by conventional neurotoxic 

insecticides, that their misuse can cause serious 

problems such as insecticide resistance [3,4], 

environmental pollution and toxicity to human and 

non-target organisms [5,]. Such problems have 

accentuated the need for newer strategies, using new 

alternatives, for mosquito control. The proposition of 

a new potential insecticides from plant extracts such 

as essential oils (EOs), are relatively cost-effective, 

without environmental secondary effects and has 

therapeutic benefits [7]. Consequently, the scientific 

community was highly interested to valorize the 

natural bioactive chemicals, as potential substitutes 

for manufactured compounds for insect vector 

control. Since they were found a variety of bioactive 

chemicals that are highly toxic to mosquitoes but safe 

to non-target organisms and the environment [8, 9, 1]. 

subsequently, the utilization of EOs from aromatic 

plants could be particularly significant, when used 

against mosquito control, because they are more 

potent, secure, and environmentally friendly. In 

addition, observed physiological changes in 

neuroendocrine system function, influencing insect 

behavior, growth, molting, histological aberrations, 

and metamorphosis, EOs have been studied to explain 

their mode of action [10-14].  In this regard it has 

been reported that Fennel EO is used as a cure for 

pediatric colic and some respiratory disorders [15] 

analgesic, anti-inflammatory [16,17], hepathoprotec-

tive [18] and neuroprotective [19]. F. vulgare Mill, 

from the Apiaceae family, is an aromatic plant 

widespread in Algeria and its seeds are widely utilized 

in herbal medicine [20, 21]. The plant has several 

traditional uses, and they interestingly have an impact 

against insects [22, 23, 20]. The EO profile of 

different sources of fennel might be different, so it is 

necessary to characterize its chemical composition, by 

GC-MS/MS analyses. Following go-green 

conceptions, this study proceeded to the extraction of 

EO from F. vulgare grown in Setif, investigating its 

chemical analysis and its potential larvicidal effects 

against fourth instar larvae of Aedes caspius.  

 

2. MATERIALS AND METHODS 
 

2.1 Plant Materials and Oil Extraction 
 

Foeniculum vulgare Mill, known as fennel, is one of 

the Apiaceae family members. This plant is native but 

not limited to Mediterranean areas. The plant is 

widely used by local people as a source of spice and 

medicinal uses [24, 25]. The aerial parts of F. vulgare 

were collected in the month of October from 

Hammam Guergour, high-plains region (Setif, 

Northeast Algeria; 36°34’77’’ N, 5°06’26’’E). The 

collected plant has been identified by the botany 

department, Ferhat Abbes University, Algeria. The 

Completely dried samples were subjected to grinding 

with a commercial blender. A sample of 100g of plant 

powder was hydrodistilled for 3h using a Clevenger-

type apparatus. The obtained EO was stored in dark 

vials at 4°C until the insecticidal bioassays and 

chemical analyses. The EO yield was estimated 

according to dry mass, which is estimated by the ratio 

between the weight of extracted oil and that of the 

treated plant. It is expressed as a percentage; using the 

following equation:  Oil yield=oil content (g) ∕ dried 

weight of the sample ×100. 

 

2.2 Essential Oil Analysis using GC-MS 
 

The plant EO of F. vulgare was analyzed by gas 

chromatography-mass spectrophotometry GC / FID 

and GC-MS/MS. The volume of the solution was 

adjusted to 1 ml with hexane before being transferred 

into a GC vial for analysis. All used solvents (Fisher 

Scientific, Loughborough, United Kingdom) are 

highly performance liquid chromatography grade. The 

quantification of the components of EO was carried 

out by chromatogram gas type Agilent 7890A Gas 

Chromatograph, equipped with a FID detector. An 

auto-sampler and air-cooling multimode inlet were 

implemented through the used GC device. The 

vaporizer temperature is set at 280 °C. The injection 

volume is 1 µl in split mode and the split ratio was set 

at 10:1. The concentration of the injected oil is 1% in 

hexane. A HP-5MS capillary column (30 m length; 

0.25 mm inner diameter; 0.25 µm film thickness) is 

used. Helium of high purity (N60) was used as a 

carrier gas at a 1 mL/min flow rate. The temperature 

of the oven was kept at 50 °C for 1 min, increased by 

9 °C/min up to 280 °C. The final temperature was 

kept for 5 min. Under the same chromatographic 

conditions as GC-FID, the identification of the EO 

components are determined using Gas 

Chromatography coupled to Tandem Mass 

Spectrometry (GC/MS-MS) using an Agilent 7000 

Triple Quadrupole instrument, which combines a GC 

7890A for the separation and a triple quadrupole mass 

spectrometer (QqQ) that operated at 70V to perform 

tandem mass spectrometry. Constituent identification 

was found with MassHunter (MH) Workstation 

Software Qualitative Analysis Workflows (version 

B.10.00, Agilent Technologies Inc., Santa Clara, CA, 

USA). It was operated with the following parameters: 

compounds were discovered by chromatogram 

deconvolution with the default settings; substances 
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were identified using an MS library (NIST17)              

search. 

 

2.3 Toxicological Assays 

 

Aedes caspius eggs were obtained from the untreated 

breeding sites and there were maintained in controlled 

laboratory conditions; at a temperature of 26± 3 °C 

and 12/12 h (light: dark) photoperiods. Each larval 

stage was kept separately in storage jars containing 

500 ml of stored tap water, they were daily fed with 

fish food and the water was changed every two days. 

The 4
th

 instar larvae of Ae. caspius were used for the 

bioassay using F. vulgare EO. The larvicidal 

bioassays were carried out following the World 

Health Organization (OMS) standard protocol 

recommendations [26]. 1ml of EO was dissolved in 

ethanol to obtain 1% and 10% and stored as a stock 

solution. From the stock solution, 0,1-1 ml were 

added to 100 ml of tap water. Through this process, 

the following concentrations were obtained: 10, 20, 

40, 50, 60, 80, 100, 200 and 400µl. The positive 

controls were exposed to 1ml ethanol, while the 

negative controls were exposed to water only. The 

toxicological tests were performed with three 

repetitions of 25 larvae for each used concentration. 

The toxicity effect was estimated by recording the 

larval mortality during the period of 24, 48 and 72 h, 

after the treatment period. Larvae that showed no 

movement were recorded as being dead. 

 

2.4 Statistical Analysis 
 

Statistical analysis of the experimental data was 

performed with R 3.6.3 (packages drc) to determine 

LC25, LC50 and LC 90 values and their 95% FL. 

Comparison between the different series was 

presented as mean & SD, and made using one-way 

analysis of variance (ANOVA) followed by Tukey’s 

test, using (packages ggplot2).  
 

3. RESULTS 
 

3.1 Yield and Chemical Composition of F. 

vulgare Essential Oil 
 

Hydrodistillation of the fennel areal part provided a 

pale yellow-colored EO with a 1.40 ± 0.13% (w/w) 

yield. Phytochemical screening of EO of F. vulgare 

by GC–MS/MS showed the presence of fourteen 

phyto-constituents representing 99.22% of the total 

identified compounds (Tab.1, Fig. 1). The percentage 

of the compounds in the EO was calculated according 

to the area of the chromatographic peaks (Fig. 1) and 

the retention index relative to n-alkanes of the 

components, using the chromatograms resulting from 

the analysis by GC-FID among which Camphor 

(38.2%), Fench one (28.24%) and o-Cymene 

(11.44%), were the predominant components in the 

oil of F. vulgare, while the other components exhibit 

lower percentages like Limonene (3.87%), alpha-

Phellandrene (2.18%) and Estragole (1.80%), in 

addition to others that exist in traces with less than 

1%. 

 

3.2 Larvicidal Activity of F. vulgare EO 

against Ae. caspius 
 

The results of the larvicidal activity, of F. vulgare 

against Ae. caspius larvae are shown in (Fig. 2). After 

treatment, the observed mortality, which is recorded 

at different periods during the treated developmental 

stage increased accordingly with the concentrations in 

function of time (Fig. 2). Concentration-response 

relation-ship was determined against the 4th instar 

larvae of Ae. caspius. The recorded mortality of the 

treated 4th instar larvae varies between 1.33% and 

100%, where F. vulgare EO in a concentration of 

80µl was the most effective and with the highest 

toxicity, while a concentration of 10µl showed the 

lowest toxicity. The data shows that 100% mortality 

rate was observed at 100, 200 and 400 µl of 

concentrations. Yet no significant effect against Ae. 

caspius larvae was noted for the positive               

controls. 

 

The statistical analyses reveal the existence of very 

highly significant differences between the 

concentrations used for the same period (P= 0.000). 

As far as the time factor is concerned, there are no 

significant differences (P= 0.693). Statistical analyses 

using Fisher's LSD test of obtained results indicated 

that different F. vulgare EO concentrations 

demonstrated meaningful statistical differences in 

relation to the larvicidal efficacy as a dependent 

variable (P= 0.000 for P ≤ 0.001). However, the time 

intervals were not statistically significant (P= 0.693 

for P > 0.05) (Table 2).  

 

The regression equation of the mosquito mortality rate 

for the EO of the present study is illustrated in the 

graph and the table as below (Fig.4) and (Table 3) 

indicating the lethal estimated concentrations with 

their fiducial limits (95 %) from the linear regression 

curves, expressed by the mortality probits and the 

logarithm of F. vulgare oil doses.  

 
The results of regression analysis of used oil showed 

that F. vulgare EO possessed a high larvicidal 

efficiency against Ae. caspius larvae with LC25 value 

of 27.65, 22.87 and 19.28 µl and LC50 value of 37.76, 

33.14 and 29.43 µl and LC90 value of 70.40, 69.56 

and 68.60µl for the fourth instar larvae after 24.48 and 

72 h of exposure respectively.  
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Table 1. Chemical composition of F. vulgare essential oil 

 

N° RT (mn) Compound Formule RI Area % 

1 7.100 α-Pinene C10 H16 876.2628977 4.06 

2 7.394 2(10)-Pinene C10 H16 882.9306595 0.37 

3 7.825 Nopinene C10 H16 891.9950901 0.3 

4 7.921 Melilotal C9 H10 O 893.9112696 0.45 

5 8.086 .alpha.-Phellandrene C10 H16 897.1247334 2.18 

6 8.429 o-Cymene C10 H14 1006.619323 11.44 

7 8.793 Limonene C10 H16 1018.650488 3.87 

8 8.886 Tricyclo[5.2.1.0(2,5)]dec-5(6)ene C10 H14 1021.610225 6.65 

9 9.428 gamma.-Terpinene C10 H16 1038.028249 0.96 

10 10.102 Fenchone C10 H16 O 1056.705717 28.24 

11 11.136 Fenchone C10 H16 O 1082.309243 0.55 

12 12.115 Camphor C10 H16 O 1402.951373 38.2 

13 13.568 Estragole C10 H12 O 1450.809246 1.8 

14 16.876 Anise camphor C10 H12 O 1539.515138 0.15 

Total identified     99.22% 
RT: Retention time; RI: Retention index: Kovats retention index relative to n-alkanes on column; Area %: Value expressed 

as relative area percentages to total identified compounds. 

 

 
 

Fig. 1. GC-FID chromatogram for essential oil of F.vulgare 

 

 
 

Fig. 2. Concentration-response relationship of the treatment of EO of F. vulgare applied to the newly 

exuviated fourth instar larvae of Ae. caspius 
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Table 2. The results of the Fisher's LSD post-hoc test (concentrations and exposure times: 24. 48 and 72 

hours) 
 

Time Concentration 

(df=2) (df=9) 

P value Observation P value Observation 

0.693                        ns 0.000                        ***                             
 

 
 

Fig. 3. Larvicidal efficacy of EO of F. vulgare applied on fourth instar of larvae of Ae. caspius depending 

on different concentrations (a, b and c) indicate that the variation is significant at p <0.05, using Tukey's 

test. Boxplots labeled with the same letter are not significantly different at p ˃ 0.05. The boundaries of the 

central box show the interquartile range (IQR) with the first quartile (lower bound) and the third 

quartile (upper bound). Outliers are indicated by small circles 
 

 
 

Fig. 4. Probit transformed responses with equation regression for F. vulgare EO tested on 4
th

 instars 

larvae of Ae. caspius for 24, 48 and 72 h 

 

Table 3.The sublethal and lethal concentrations, LC25, LC50 and LC90 values of F. vulgare EO against the 

late 4
th

 instar larvae of Ae. caspius, after 24, 48 and 72 hours of exposure time; with regression equations 
 

Time Equation 

regression 

LCL>LC25>UCL(µl) 

Confidence limit (95%) 

LCL>LC50>UCL(µl) 

Confidence limit (95%) 

LCL>LC90>UCL (µl) 

Confidence limit (95%) 

24 h 37.76x-3.52 22.46<27.65<32.85 33.66<37.76<41.87 58.86<70.40<81.93 

48 h 33.14x-2.96 18.87<22.87<26.87 29.48<33.14<36.80 59.24<69.56<79.87 

72 h 29.43x-2.60 15.56<19.28<22.99 25.65< 29.43< 29.44 56.14<68.60<81.07 
 

4. DISCUSSION 
 

4.1 Yield and Chemical Composition of 

Essential Oil  
 

The yield of EO extractionof F. vulgare was 1.40 % ± 

0.13. The EO yield of fennel herbage was between 

0.69 % and 4.60 % [27, 28]. The obtained yield in this 

experiment is higher than the EOs extracted from the 

same species; collected in Pithoragarh (0.6 %) and 

Didihat (0.9 %) of North India [29]. However, EO 

yield in the seeds of F. vulgare cultivated in the same 

region (Setif) collected during May was lower than 

studied yield (0.93 ± 0.07%) [20]. The EO yield 

varies, whether the extraction method is different or 
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the same. Its variety could be affected by the quality 

of the used plant material in addition to other factors, 

such as the growth stage, soil quality, climate 

conditions, time of harvest and drying period [30]. For 

the present study, it was noted that the main 

constituents of the EO from the dry aerial parts of F. 

vulgare are Camphor (38.2%), Fenchone (28.24%) 

and o-Cymene (11.44%). While, Belabdelli [21] 

found that major components were Estragole (84.8%), 

limonene (7.8%), Fenchone (3.1%) and α-pinene 

(1.3%) in the F. vulgare EO of Algerian seeds. 

Chemical analysis of F. vulgare by other authors [31, 

32, 25] also showed that the main constituents of this 

oil are trans-anethole, estragole, fenchone and 

limonene. Variation in chemical composition of EOs 

may be caused by several factors such as the method 

of extraction, period of plant collection. It is also 

influenced by both internal and external factors 

affecting the plant, such as genetic structures and 

environmental conditions [33, 34].  
 

4.2 Insecticidal Activity 
 

In this study, the results indicate that the F. vulgare 

EO exhibited a larvicidal activity against Ae. caspius 

larvae; while Zoubiri [20] showed the insecticidal 

activity of F. vulgare EO against larvae of Cx. 

pipiens. In the other study [35] the larvicidal activity, 

of the same species of plant EO, was the most 

effective against Aedes stephensi with LC50 and 

LC90.Chantawee and Soonwera [36] found 100% 

mortality in the larvae of Aedes aegypti treated with 

F. vulgare EO at a concentration of 10% with LT50 

achieved at a concentration of 5%. Studies reported 

by Zoubiri [20] show clearly that the activity of this 

plant seed oil may be due to the presence of trans-

anethol as the main compound. F. vulgare seed EO 

can be suggested as natural larvicidal for 

controlling Cx. pipiens mosquito. Thus, F. vulgare 

can serve as a natural larvicidal agent along with other 

previous studies which reported significant toxicity of 

the fennel EO against different arthropod species [37, 

38, 39, 40]. 

 

5. CONCLUSION 
 

Plant-based pesticides are promising alternatives to 

synthetic insecticides. F.vulgare essential oil 

exhibited larvicidal activity and the identified 

components support the future development of novel 

pesticides from EOs as potential natural sources for 

the pest control programs. 
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