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Abstract 
Mosquitoes transmit serious human diseases, causing millions of deaths every year. Use of conventional 

insecticides to control vector mosquitoes has caused physiological resistance and adverse environmental 

effects in addition to high operational cost. Insecticides of botanical origin have been reported as 

promising alternatives for mosquito controls. The present study carried out in order to evaluate the 

larvicidal activity and the effects on development of saponin against mosquito larvae. The larval 

mortality was observed after 24 h of exposure. The product showed larvicidal effect with a concentration-

dependent mortality. The highest larval mortality was found using the 20mg/l of saponin against the 

larvae of Cx. pipiens with the LC50 =11.07 mg/l and LC90= 32.85 mg/l for the fourth instar stage. The egg 

laid was observed after 48 h post-emergence. The percent hatchability was inversely proportional to the 

concentration of extract and directly proportional to the eggs. The product showed moderate ovicidal 

activity. Saponin and its derived products have shown a variety of insecticidal properties. 
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1. Introduction 
Mosquitoes instead of causing a great annoyance are considered the most insect vector 

diseases. It is known that several mosquitoes belonging to the genera Anopheles, Culex and 

Aedes are vectors for pathogens of various diseases such as malaria, filariasis, yellow fever, 

dengue, Japanese Encephalitis (JE) and hemorrhagic fever [1] causing serious health problems 

to human beings. The domestic mosquito, Culex pipiens is considered among the most 

abundant species in Algeria. It is widely distributed in the urban areas due to the presence of 

many artificial breeding sites practically through all the year [2; 3].The insect populations 

control around the world is primarily dependent upon chemical insecticides and fumigants. 

These synthetic pesticides are expensive and have in many cases only produced moderate 

results along with major ecological damage [4]. Although effective, their repeated use has 

disrupted natural biological control systems and led to resurgence of these insects, resulted in 

the development of resistance and had undesirable effects on the environment, non-target 

organisms and human health concern [5; 6]. The increasing concern; over the level of pesticide 

residues in the different environmental sites and especially in food, has encouraged the 

scientists to propose a new alternatives of conventional pesticides [7].  

 An alternative approach for mosquito control is the use of natural products such as 

microorganisms and plants. The microbial pesticides have undergone extensive testing prior to 

registration. They are essentially nontoxic to humans, so there are no concerns for human 

health effects [8; 9]. Extensive testing shows that microbial larvicides do not pose risk to 

wildlife, non-target species or the environment and retain a good activity in polluted water [10]. 

Plants have generated extraordinary interest as potential alternatives natural insect control 

agents. Botanical extracts have several advantages over traditional pest control agents [11; 12; 13]; 

such as specificity, biodegradability and low mammalian toxicity [14]. The aim of the present 

study was to evaluate the larvicidal activity and biological effects of the saponin against 

mosquito larvae of Culex pipiens. 
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2. Materials and methods 

2.1 Rearing of mosquito larvae of Culex pipiens  
The toxicological essays were conducted in the laboratory 

following the standard methods for testing larval 

susceptibility [15]. Different instars larvae of Cx. pipiens were 

obtained from laboratory colonies of the department. Larvae 

were reared in storage jars containing 500 ml of stored tap 

water and maintained at a temperature between 25-27 °C, 

85% of relative humidity (RH) and a photoperiod of 14:10 

(L:D). Larvae were daily fed with fresh food consisting of a 

mixture of Biscuit-dried yeast (75:25 by weight), and water 

was changed every four days. The feeding was maintained till 

the larvae were developed into the pupa stage. The pupae 

were collected from the culture trays and were transferred to 

jars containing 500 ml of water with the help of a dipper. The 

jars were kept in (50×50×50 cm) size mosquito cage for adult 

emergence. The adults were fed with 10% sugar solution for a 

period of three days before they were provided by an animal 

for blood feeding. 

 

2.2 The saponin product 

Saponins are phytochemicals which can be found in most 

vegetables, beans and herbs. The best known sources of 

saponins are peas, soybeans, and some herbs with names 

indicating foaming properties such as soapwort, saoproot, 

soapbark and soapberry. Commercial saponins are extracted 

mainly from Yucca schidigera and Quillaja saponaria. The 

saponins are consisted of a polycyclic aglycones attached to 

one or more sugar side chains. The aglycone part, which is 

also called sapogenin, is either steroid (C27) or a triterpene 

(C30). The foaming ability of saponins is caused by the 

combination of a hydrophobic (fat-soluble) sapogenin and a 

hydrophilic (water-soluble) sugar part. In this work a 

commercial formulation of the saponin; extracted from the 

tomato and the potato, was used. 

 

2.3 Toxicological assays  

The toxicological essays were carried out using various 

concentrations 5; 10; and 20 mg / l, of a commercial 

formulation of the saponin against the different mosquito 

larval stage L1, L2, L3 and L4 of Culex pipiens. The 

treatment with the saponin of different larval stages was made 

on newly exuviated larvae. The bioassays and the control 

series were realized with three repetitions of 25 larvae for 

each used concentration, prepared in a separate jar containing 

500 ml of breeding water. After an exposure time of 24 hours, 

according to the world health organization (WHO) 

recommendations [16], of the larvae to the product the water is 

changed and the food is added every three days until the 

emergence of the adults. The mortality of the treated stage is 

recorded daily and followed during the other developing 

stages until the emergence of adults. 

 

2.4 Statistical Analysis  
The mortality percentage observed for each stage and 

concentration was corrected [17] and subjected to the probit 

analysis [18]. LC50, LC90, confidential limits and the slope were 

calculated [19]. Data from insecticidal tests were subjected to 

analysis of variance after angular transformation of observed 

mortality percentages.  

  

2.5 Fecundity tests 

The fecundity experiments were conducted on the eggs of Cx. 

pipiens collected from the breeding jars of the females 

emerged from the treated fourth larval stage with the lethal 

concentrations (LC50 = 11.05mg/l and the LC90 = 32.85mg/l) 

of the saponin of the mosquito species. For each concentration 

20 females and 20 males were kept in separate breeding cage. 

The laying eggs for each series were collected, counted and 

transferred to a new jar containing 500 ml of water and kept 

for larval hatching. Different parameters of reproduction; the 

number of egg laying, hatching rate, the fecundity, were 

studied. The fecundity was calculated by the number of eggs 

laid in ovitrap divided by the number of females let to mate. 

The death of adults in the experiments was also considered. 

The obtained results were subjected to a statistical analysis 

using the t test of student. Hatching Rate (HR) was calculated 

according to the following formula [20]. 

 

𝐻𝑅 =
number of hatching eggs

total number of eggs
 X100 

 

3. Results 

3.1 Toxicity assays 

The toxicity effect of the saponin against the different larval 

stages of Cx. pipiens was expressed by the mortality of the 

larvae during the treated developmental stage. The lower 

concentration of 5mg/l of the product caused mortality around 

80% for the L1. This mortality, decreased with the older 

larval stages, where it was 30% and 27% for the L3 and L4 

respectively. The highest concentration of 20mg/l caused 

100% for L1 and L2 and a recorded mortality between 70% 

and 80% for the L3 and L4 of the mosquito species. The 

analysis of variance of the data showed a significant 

(p<0.001) insecticidal activity with a dose response 

relationship (Fig. 2). With probit analysis the lethal 

concentrations were estimated and were for the stage L3 as 

following; the LC50 = 7.46 mg/l and the LC90 = 19.98mg/l. 

For the stage L4 the LC50 was estimated at 11.05mg/l and the 

LC90 was at 32.85mg/l (Table 2).  

 

 
 

Fig 1: Concentration-response relationship of treatment of the 

saponin applied to newly ecdysed larvae of Cx. pipiens. (Means ± 

SD, n = 75). 
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Table 1: Toxicity of the saponin against Cx. pipiens larvae. (LC50 and LC90, FL, mg/l). 
 

Larval stage 
Regression 

lenear 

 

Slope 

LC50 (mg/l) [LLC-ULC] 

Confidence limit (95%) 

LC90 (mg/l) [LCL-UCL] 

Confidence limit (95%) 

L1 y = 2.69 x +2.13 0.39 3.46 [2.11-5.23] 8.19 [5.55-12.18] 

L2 y = 2.39 x +2.63 0.46 5.65 [3.18-8.56] 13.23 [11.45-18.30] 

L3 y = 2.99 x +2.39 0.33 7.46 [5.16-9.35] 19.98 [15.16-23.76] 

L4 y = 2.71x+2.17 0.36 11.07 [9.14-13.39] 32.85 [28.14-33.74] 

 

3.2 Longevity of mosquito developmental stages 
Table 2 shows the effect of the saponin on the adult longevity 

of the different developmental stages of Cx. pipiens after the 

treatment with their lethal concentrations (LC50 and LC90) of 

both larval stages. Exposure of the instar larvae of both stages 

caused no difference in the duration of the all larval stages 

except with the LC90. The following pupal stage no difference 

was recorded in the duration in all concentrations. However 

the adult longevity of mosquito species Culex pipiens was 

considerably reduced by the treatment of saponin. The 

longevity of adults of Cx. pipiens emerged from the treated 3rd 

instar larvae was reduced to 31 days with LC50 and 29 days 

with LC90. However the adults emerged from L4, their 

longevity was reduced up 27 days with the LC90. 

 
Table 2: Effect of the saponin on the longevity of developmental stages; after treatment with the lethal concentrations (LC50 & LC90), of 3rd and 

4th instar larvae of Cx. pipiens. Means ± SD followed by the same letter indicate a significant difference (P<0.05). (n = 10-75). 
 

 

Stage 

Longevity of the developmental stages (day)after treatment of L3 Longevity of the developmental stages (day)after treatment of L4 

Control LC50 = 7.46 mg/l LC90 = 19.98 mg/l Control LC50 = 11.07 mg/l LC90= 32.85 mg/l 

L3 4.35±1.55 4.60 ±2.36 5.16 ±2,5    

L4 6.60±1.50 6.80±1.19 7.33±1.13a 6.60±1.88a 7.50±1.50a 8.50±2.33a 

Pupae 3.53±1.66 3.43±1.43 3.43±1.33 3.53±1.76 3.33±1.66 3.43±1.21 

Adult 32 ±1.23 31.53±2.33b 29.5±2.23b 32 ±1.23b 29±2.33b 27.53±3.66b 

 

3.3 Effect of the saponin on reproduction 

The effect of saponin on reproduction was evaluated on 

different parameters, of the females emerged from the treated 

fourth instar larvae of Cx. pipiens and is presented in table 3. 

Fecundity was highly reduced after the treatment with the 

saponin. The number of eggs laid was inversely proportional 

to the concentration in the treatment. For Cx. pipiens the 

number of eggs laid was reduced from 875 to 788 for LC50 

and to 594 to LC90 (Table 3). Therefore the hatching rates 

showed a significant decrease according to the increase of the 

treatment with the saponin (Table 3). The essays showed also 

that the fecundity was highly reduced under the saponin 

effect, for the treated series compared to control. 

  
Table 3: Effect of saponin on the reproduction of the females 

emerged from the treated fourth instar larvae of Cx. pipiens (n = 20 

females). Means followed by the same letter indicate a significant 

difference (P<0.005). 
 

Treatment N° egg laid Hatching rate (%) Fecundity 

Control 875a 98.66a 96.6a 

CL50 = 16.21 µg/l 788b 73.33b 59.4b 

CL90 = 75.85 µg/l 594b 55.02b 44.8b 

 

4. Discussion  

Mosquito control using conventional pesticides in the water 

sources introduces many risks to human health and the 

environment. In this context of integrated vector control, due 

to rapid development of mosquito resistance and the increase 

of environmental pollution, the use of conventional 

insecticides for mosquito control is no longer encouraged. 

Natural products of plant origin with insecticidal properties 

have been used in the recent past control of a different of 

insect pests and vectors. Mosquitoes in the larval stage are 

attractive targets for pesticides because mosquitoes breed in 

water, and thus, it is easy to deal with them in this habitat. 

During the last decades the effects of plant extracts were 

evaluated against different mosquito larvae species [21; 22]. The 

larvicidal activity of extract of Leucas aspera leaf, using 

hexane as a solvent, was tested for the on the larvae of Culex 

quinquefasciatus and Aedes aegypti [23; 24]. The leaf extract of 

Acalypha indica with different solvents, viz., benzene, 

chloroform, ethyl acetate and methanol, were found to have a 

larvicidal activity and ovicidal an effect on oviposition of 

Anopheles stephensi [25; 26]. The same it was reported that the 

leaf extract of Citrullus vulgaris with different solvents, have 

a larvicidal, ovicidal, and repellent activities against 

Anopheles stephensi [27]. The leaf extracts using acetone, 

chloroform, ethyl acetate, hexane and methanol of medicinal 

plants; Aegle marmelos, Andrographis lineata, Andrographis 

paniculata, Cocculus hirsutus, Eclipta prostrate and Tagetes 

erecta were tested against fourth-instar larvae of Anopheles 

subpictus and Culex tritaeniorhynchus. Andrographis 

paniculata and according to their effectiveness they haves 

been used for pest control [28]. 

The bioassays using the saponin, against the larval stages of 

the mosquito species Culex pipiens showed a larvicidal 

activity expressed by a high larval mortality of the treated 

series compared to the control ones. The confirmed toxicity of 

the saponin was mentioned previously against other mosquito 

species [29; 30], such as Aedes aegypti [31], and Anopheles 

stephensi [32]. It was reported that some plant extracts have 

exhibit a toxic effect on mosquito larvae [33; 34; 35;] and other 

insect [36; 37]. 

In the present study, the saponin treatment reduced the larval 

duration, none the pupal and introverted the adult emergence. 

Those treated larvae escaped from mortality showed reduced 

longevity. The adult which emerged from treated larvae were 

morphologically normal but showed a great reduction in 

fecundity. The same results were mentioned against Aedes 

aegypti [31] and some insects [38]. Many reports showed 

changes in fecundity after treatment with biopesticide B. 

thuringiensis [8], insect growth regulators [39] and essential oil 

of plants [40]. 
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5. Conclusion 

From the present study it was concluded that the saponin 

proved good larvicidal agent against Cx. pipiens larvae in the 

laboratory and also reduced the longevity of different 

developmental stages, egg productions and fecundity. 

 

6. References 

1. AL-Jabr AM. Toxicity and Repellency of Seven Plant 

Essential Oils to Oryzaephilus surinamensis (Coleoptera: 

Silvanidae) and Tribolium castaneum (Coleoptera: 

Tenebrioidae). Scientific Journal of King Faisal 

University KSA. 2006; 7(1):49-60. 

2. Bachrouch O, Ben Jemaa JM, Talou T, Marzouk 

Abderrab M. Fumigant toxicity of Pistacia lentiscus 

essential oil against Tribolium castaneum and 

Lasioderma serricorne. Bulletin of Insectology. 2010; 

63(1):129-135. 

3. Chaubey MK. Fumigant toxicity of essential oils against 

rice weevil Sitophilus oryzae L. (Coleopteran: 

Curculionidae). Journal of Biological Sciences. 2011; 

11:411-416. 

4. Ebadollahi A, Safaralizadeh MH. Toxicity of essential 

oils of Agastache foeniculum (Pursh) Kuntzet to 

Oryzaephilus surinamensis L. and Lasioderma serricorne 

F. Journal of Plant Protection Research. 2010; 50(2):215-

219. 

5. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, 

Gittleman JL. Global trends in emerging infectious 

diseases. Nature 2008; 451:990-993. 

6. Adeleke MA, Mafiana CF, Idowua AB, Sam-Woboa SO, 

Idowua AO. Population dynamics of indoor sampled 

mosquitoes and their implication in disease transmission 

in Abeokuta, south-western Nigeria. Jouenal of Vector 

Borne Disease. 2010; 47:33-38. 

7. Boudjelida H, Bouaziz A, Thomas S, Smagghe G, Soltani 

N. Effects of ecdysone agonist halofenozide against 

Culex pipiens. Pesticide Biochemistry and Physiology. 

2005; 83:115-123. 

8. Aïssaoui L, Boudjelida H. Larvicidal activity and 

influence of Bacillus thuringiensis (Vectobac G), on 

longevity and fecundity of mosquito species. European 

journal of Experimental Biology. 2014; 4(1):104-109. 

9. Dhadialla TS, Retnakaran A, Smagghe G. Insect growth 

and development disrupting insecticide. In: 

Comprehensive Insect Molecular Science. L.I. Gilbert, I. 

Kostas, & S. Gill (eds). Vol.6. Pergamon Press, New 

York, NY. 2005, 55-116. 

10. Isman MB. Leads and prospects for the development of 

new botanical insecticides. In: Reviews in Pesticide. 

Toxicology (Roe, R.M. and Kuhr, R.J. eds.) Toxicology 

Communications Inc., Raleigh, NC. 1995; 3:1-20. 

11. Huan Y, Lam SL, Ho SH. Bioactivities of essential oil 

from Elletaria cardamomum (L.) Maton. To Sitophilus 

zeamais Motschulsky and Tribolium castaneum (Herbst). 

Journal of Stored Product Research. 2000; 36:107-117. 

12. Jember B, Obeng-ofri D, Hassanali A, Nyamasyo GNN. 

Products derived from the leaves of Ocimum 

kilimanndscharicum (Labiatae) as post-harvest grain 

protectants against the infestation of three major stored 

product insect pests. Bulletin of Entomological Research. 

1995; 85:361-367. 

13. Raeis Abad MK, Besheli BA. Insecticidal potential of 

essential oil from the leaves of Citrus aurantium L. 

against Oryzaephilus surinamensis (F.), Lasioderma 

serricorne (L.) and Sitophilus oryzae (L.). Journal of 

Entomology and Zoology Studies. 2016; 4(5):865-869. 

14. Zapata N, Smagghe G. Repellency and toxicity of 

essential oils from the leaves and bark of Laurelia 

sempervirens and Drimys winteri against Tribolium 

castaneum. Industrial Crops and Products. 2010; 32:405-

410. 

15. Rehimi N, Soltani N. Laboratory evaluation of Alsystin, a 

chitin synthesis inhibitor, against Culex pipiens pipiens L. 

(Diptera: Culicidae): effects on development and cuticle 

secretion. Journal of Applied Entomology. 1999; 

123:437- 441. 

16. WHO. Insect and rodent control through environmental 

management: A community action programme. World 

Health Organisation, Geneva, Switzerland. 1991, 29-34. 

17. Abbott WB. A method for computing the effectiveness of 

an insecticide. Journal of Economical Entomology. 1925; 

18:265-267. 

18. Finney DJ. Probit analysis 3rd eds, Cambridge University 

Press, London. 1971. 

19. Swaroop S, Gilroy AB, Uemura K. Statistical methods in 

malaria eradication. Geneva: World Health Organisation. 

1966. 

20. Chugh M, Adak T, Sehrawat N, Gakhar SK. Effect of 

anti-mosquito midgut antibodies on development of 

malaria parasite, Plasmodium vivax and fecundity in 

vector mosquito Anopheles culicifacies (Diptera: 

Culicidae). Indian Journal of Experimental Biology. 

2011; 49:245-253. 

21. Kovendan K, Murugan K, Vincent S, Kamalakannan S. 

Larvicidal efficacy of Jatropha curcas and bacterial 

insecticide, Bacillus thuringiensis, against lymphatic 

filarial vector, Culex quinquefasciatus Say (Diptera: 

Culicidae). Parasitology Research. 2011; 109:1251-1257. 

22. Prabhu K, Murugan K, Nareshkumar A, 

Ramasubramanian N, Bragadeeswaran S. Larvicidal and 

repellent potential of Moringa oleifera against malarial 

vector, Anopheles stephensi Liston (Insecta: Diptera: 

Culicidae). Asian Pacific Journal of Tropical 

Biomedecine. 2011; 1:127-132. 

23. Maheswaran R, Sathish S, Ignacimuthu S. Larvicidal 

activity of Leucas aspera (Wild.) against the larvae of 

Culex quinquefasciatus Say. and Aedes aegypti L. 

International Journal Integrate Biology. 2008; 2:214-217. 

24. Govindarajan M. Bioefficacy of Cassia fistula Linn. 

(Leguminosae) leaf extract against chikungunya vector, 

Aedes aegypti (Diptera: Culicidae). European Review of 

Medecine and Pharmacology Science. 2009; 13(2):99-

103. 

25. Govindarajan M. Evaluation of indigenous plant extracts 

against the malarial vector, Anopheles stephensi (Liston) 

(Diptera: Culicidae). Parasitology Research. 2011; 

109:93-103. 

26. Mullai K, Jebanesan A, Pushpanathan T. Effect of 

bioactive fractions of Citrullus vulgaris Schrad. leaf 

extract against Anopheles stephensi and Aedes aegypti. 

Parasitology Research. 2008; 102(5):951-955. 

27. Elango G, Rahuman AA, Bagavan A, Kamaraj C, Zahir 

AA, Venkatesan C. Laboratory study on larvicidal 

activity of indigenous plant extracts against Anopheles 



 

5 

 

International Journal of Mosquito Research 

subpictus and Culex tritaeniorhynchus. Parasitology 

Research. 2009; 104(6):1381-1388. 

28. Kuppusamy C, Murugan K. Mosquitocidal effect of 

ethanolic extracts of Andrographis paniculata Nees on 

filarial vector Culex quinquefasciatus Say (Diptera: 

Culicidae). In: International Conference on Diversity of 

Insects: Challenging Issues in Management and 

Conservation. 2006, 194-198. 

29. Pelah D, Abramovich Z, Markus A, Wiesman Z. The use 

of commercial saponin from Quillaja saponaria bark as a 

natural larvicidal agent against Aedes aegypti and Culex 

pipiens. Journal of Ethno pharmacology. 2002; 

81(3):407-409. 

30. Wiesman Z, Chapagain BP. Larvicidal effects of aqueous 

extracts of Balanites aegyptiaca (desert date) against the 

larvae of Culex pipiens mosquitoes. African Journal of 

Biotechnology. 2005; 4:1351-1354. 

31. Bishnu P, Chapagain A, Zeev W. Larvicidal activity of 

the fruit mesocarp extract of Balanites aegyptiaca and its 

Saponin Fractions against Aedes aegypti. Dengue 

Bulletin. 2005; 29:203-207. 

32. Ghosh A, Chandra G. Biocontrol efficacy of Cestrum 

diurnum (L.) (Solanaceae: Solanales) against the larval 

forms of Anopheles stephensi. Natural Product Research. 

2006; 20:371-9. 

33. Khanna V, Kannabiran K. Larvicidal effect of 

Hemidesmus indicus, Gymnema sylvestre, and Eclipta 

prostrata against Culex quinquefasciatus mosquito 

larvae. African Journal of Biotechnology. 2007; 6:307-

11. 

34. Mustafa MA, Al-Khazaraji A. Effect of some plant 

extracts on the Culex pipiens molestus Forskal larvae. 

Iraquian Journal of Veterinary Science. 2008; 22:9-12. 

35. Dua VK, Pandey AC, Alam ME, Dash AP. Larvicidal 

activity of Hibiscus abelmoschus Linn. (Malvaceae) 

against mosquitoes. Journal of American Mosquito 

Control Association. 2006; 22:155-157. 

36. Dua VK, Pandey AC, Raghavendra K, Gupta A, Sharma 

T, Dash AP. Larvicidal activity of neem oil (Azadirachta 

indica) formulation against mosquitoes. Malaria Journal. 

2009; 8:124-126. 

37. Anandan A, Krishnappa K, Govindarajan M, Elumalai K. 

Antifeedant activity of some plant extracts against the 

fourth instar larvae of Spodpotera litura (Hub.). 

International Journal of Scientific Research. 2011; 2:1-3. 

38. Deore SL, Khadabadi SS. Larvicidal activity of the 

saponin fractions of Chlorophytum borivilianum 

santapau and Fernandes. Journal of Entomology and 

Nematology. 2009; 1(5):064-066. 

39. Djeghader NEH, Boudjelida H, Bouaziz A, Soltani N. 

Biological effects of a benzoylphenylurea derivative 

(Novaluron) on larvae of Culex pipiens (Diptera: 

Culicidae). Advances in Applied Scientific Research. 

2013; 4(4):449-456. 

40. Alouani AO, Ababsia T, Rahal I, Rehimi N, Boudjelida 

H. Activity evaluation of botanical essential oils against 

immature mosquitoes of Culex pipiens (Diptera: 

Culicidae). Journal of Entomology and Zoology Studies. 

2017; 5(4):829-834. 


