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Abstract: The housefly, Musca domestica is a ubiquitous insect that has potential to spread wide variety of pathogens to 

humans and livestock animals leading to diseases and huge economic losses in developing countries. Flies have resisted human 

attempts to control them since antiquity and the problem of fly resistance to synthetic insecticides had resulted in need to 

develop biopesticides as an alternative management tool. Plant product are the most promising sources and under extensive 

trials for their insecticidal activity against various insect species. This study evaluated the efficacy of crude extracts of the 

castor plant Ricinus communis against Musca domestica by using dipping and thin film technique. The laboratory bioassay in 

both techniques resulted in considerable larval and pupal mortalities indicating toxicity of plant extract against the fly. Besides, 

the larval mortalities the extracts induced developmental aberrations such as reduced pupations and non emergence of adults. 

The results indicate that the plant extracts contain certain active principles which interfere with the hormonal control of 

development affecting the life cycle of the fly. It can be concluded that crude extract of R. communis can be effectively used as 

in controlling fly populations of M. domestica as the safer, ecofriendly and economic alternative to synthetic insecticidal 

agents. 
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1. Introduction 

The common house fly, Musca domestica L. is a 

worldwide pest of veterinary and public health importance 

throughout the recorded history [1]. The ability of the fly to 

flourish on the vast variety of organic substratum has enabled 

it to exploit virtually any area inhibited by humans and 

animals. The fly, being the vector of various pathogens such 

as bacteria, virus, protozoa etc. is reported to be menace to 

human as well as livestock [2]. Various communicable 

diseases like cholera, typhoid, poliomyelitis, typhus fever and 

dysentery among humans are the result of oral-fecal 

contamination due to activity of the housefly [3]. Recent 

concern about the food born human diseases have endorsed 

the role of housefly in spreading disease causing organisms 

such as Salmonella typhi, Vibrio cholerae, Shigella spp. [4, 

5].The larvae of the fly can also be myiasis producing agents 

in human and animals leading to huge economic looses 

particularly in livestock industry [6-8]. Apart from disease 

transmission, high population density of M. domestica causes 

annoyace and food spoilage [9].  

Over the decades, synthetic insecticides such as 

organophosphates, carbamates and pyrethroid insecticides 

have been used in short term control of this fly [10-12]. 

Housefly quickly develops resistance to these pesticides, 

leading to global problem and is proving havoc due to their 

ability to develop metabolic and behavioral mechanisms to 

avoid chemical insecticides [13]. M. domestica had 

developed resistance to DDT within the few years after its 

introduction [14, 15]. Moreover the use of synthetic anti-

myiatic agents like avermectins among livestock animals has 

been found to cause contamination of dairy products like 

milk and meat with drug residues resulting in serious health 

hazard among humans [16]. Continuous increase in 

biomagnifications of these synthetic insecticides at each 

trophic level in the target and non target organism and high 

cost of chemical insecticides has provoked researchers to 

develop plant based insecticides [17]. The co-evolution of 
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plants with insects has equipped them with the surplus 

bioactive components, which can be used against insects. The 

use of plant extracts as an alternative to synthetic products to 

control housefly populations could be very promising since 

these are eco-friendly, biodegradable as well as cost 

effective. A large number of plants have shown the 

remarkable insecticidal activities against a large number of 

insect pests [18-20]. 

Ricinus communis- member of family Euphorbiaceace, is a 

weed widely distributed in countries like Asia, South Africa, 

Brazil and Russia [21]. The plant was selected for its easy 

availability and presence of reported bioactive components 

which interfere with the life cycle of the insect pests [22]. 

Studies of aerial parts of the plant have reported the presence 

of active constituents like ricin, ricinine, N-demethylricinine, 

and flavonoids [22, 23]. Ricin is the most toxic bioactive 

component present in seeds but ricinine which is an effective 

insecticide is located in all parts of the plant. These 

compounds have shown remarkable insecticidal, antifeedent 

and repellent activities [23, 24]. Studies have reported toxic 

effects of R. communis extract against arthropod vectors like 

ticks, mites and mosquitoes. Brahim et al. [25] studied the 

toxicity of aqueous extracts of the plant against mosquito 

larvae of Culex pipiens, Aedes caspius, Culiseta 

longiareolata and Anopheles maculipennis (Diptera: 

Culicidae). The leaf extract of R. communis has been shown 

to posses insecticidal properties against insect pests like 

Spodoptera frugiperda [26]; Callosobruchus chinensis [27] 

and Cosmopolites sordidus (Coleoptera: Curculionidae) [28]. 

Several studies have reported the toxic effects of various 

plant extracts in control of fly populations of M. domestica 

[29-32]. However no study was available regarding toxicity 

of R. communis against the fly. The present study was 

therefore undertaken to evaluate the efficacy of crude 

extracts of R. communis on the third instar larvae of M. 

domestica using dipping and thin film technique. 

2. Materials and Methods 

2.1. Collection and Preparation of Plant Extracts  

Leaves of Ricinus communis were obtained from waste 

lands near Khalsa College Amritsar (Punjab) India. The 

collected plant material was given a dip in water to remove 

dust and then kept to dry at room temperature for about two 

weeks. Completely dried plant material was powdered using 

electric mill and was kept for extraction. Powdered plant 

material was further extracted successively with four 

different solvents viz. methanol, ethyl acetate, chloroform 

and petroleum ether using soxhlet extractor. The extracts 

were filtered over sodium sulphate using Whatman filter 

paper in case of each solvent. The collected extracts were 

evaporated under reduced pressure using rotary vacuum 

evaporator. So as obtain completely dry extract, the 

concentrates were then kept at 40 – 45°C in hot air oven. The 

crude extracts of each solvent were weighted and kept in 

vials in deep freezer for further use. 

2.2. Fly Culture 

M. domestica flies were collected from nearby areas with 

the help of a sweep net and reared in the laboratory using 

insect cages of 45x45x45 cm size. Adult flies were fed on a 

mixture of 10% (w/v) sugar and multi vitamin syrup solution. 

Goat meat was kept in separate petri plates as substrate for 

oviposition. The egg masses were incubated at 25-30°C and 

the larvae were reared on goat meat till pupation. 

2.3. Experimental Application 

2.3.1. Dipping Method 

1020 third instar larvae of M. domestica were used in this 

experiment, 255 for each solvent. Larvae for each solvent 

were divided into four groups with 60 larvae each i.e. four 

replicates each with 15 larvae and a 5
th

 group with 15 larvae 

were used as control. 3
rd

 instar larvae were treated by dipping 

them in different concentrations of extract for 30 seconds and 

ethanol alone in case of control group. Concentrations for 

each solvent used in this experiment were prepared by 

mixing crude plant extract in ethanol (Table 1). The larvae of 

each replicate were kept in a rearing jar covered by muslin 

cloth. The replicates were kept in an incubator at 35°C and 

mortality rates were recorded daily for seven successive 

days. The survived larvae were observed to demonstrate the 

effects of extracts on their development till fly emergence. 

2.3.2. Thin Film Technique 

1020 third instar larvae of M. domestica were used in 

batches of 255 larvae for each solvent and distributed as 

mentioned previously. The concentrations in each solvent 

were prepared as above and are listed in Table 2. The crude 

plant extract was poured in petri plates (4 cm diameter) and 

left until dryness so as to obtain thin film of the extract. 

Larvae were released on the thin film so obtained and were 

covered thereafter. Larvae were examined daily for seven 

consecutive days to record the mortalities and to observe 

their development till adult emergence. 

2.4. Parameters Used 

The effect of R. communis extract on development of M. 

domestica larvae was evaluated by using following four 

different parameters viz. % larval mortality, % pupation, % 

pupal mortality and % adult emergence. Larval mortality was 

recorded daily for 7 days. The % age pupation was recorded 

by counting the number of viable, turgid and dark brown 

colored puparia after subtracting the dead larvae. The %age 

adult emergence was recorded daily after 7-10 days of 

pupation.  

2.5. Statistical Analysis 

The data collected from larval mortality, pupation, pupal 

mortality and adult emergence were analysis of variation 

(ANOVA) and LC50 values were calculated using Probit 

analysis [33]. SPSS (16.0) software is used to test the 

differences between the various concentrations.  
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3. Results 

Table 1 shows the percentage larval and pupal mortalities 

in Musca domestica following exposure to crude extract of R. 

communis in four different solvents viz. methanol, ethyl 

acetate, chloroform and petroleum ether both in dipping and 

thin film technique. The lethal concentration (LC50) values in 

different solvent of R. communis in the methods are shown in 

Fig 1 and 2. The results show that there were significant 

differences (P<0.05) in mean mortality for all the four 

solvents when compared with control. The LC50 values 

recorded in case of dipping method were 3g/100ml, 

2.5g/100ml, 1.5g/100ml, 5.5g/100ml in methanol, ethyl 

acetate, chloroform and petroleum ether extract respectively. 

Thus, according to larval mortalities the effect of extracts of 

R. communis on larvae of M. domestica can be arranged as 

chloroform> ethyl acetate> methanol> petroleum ether. 

Larvae, who escaped mortality, pupated normally but all of 

them did not emerge to adults in various concentrations 

showing pupal mortality. Similarly, the LC50 values in case of 

thin film technique were recorded as 2 mg/cm
2
, 0.5 mg/cm

2
, 

0.3 mg/cm
2
, 1.6 mg/cm

2
 in methanol, ethyl acetate, 

chloroform and petroleum ether extracts respectively. 

According to LC50 values the effects of the extracts were in 

the order chloroform > ethyl acetate > petroleum ether > 

methanol. In thin film technique the larval mortalities were 

almost higher as compared to dipping method as shown in 

Table 2.  

Developmental characteristics such as the prolongation of 

prepupation period and adult emergence were severely 

affected and noticed in almost all the treated groups. Larvae 

from the groups treated with crude plant extract pupated after 

9-11 days while those from the control group pupated after 6-

7 days. Pupation and adult emergence rates were found to be 

reduced to as low as 24% and 12.75% in dipping method and 

10% and 25.55% in thin layer technique both in chloroform 

extracts. 

Table 1. Effect of crude extracts of R. communis on development of third instar larvae of M. domestica using Dipping Method. 

Solvent Conc. (g/100ml) Larval Mortality (%) Pupation (%) Pupal mortality (%) Adult Emergence (%) 

Methanol 

10 72.66±1.63 27.34±1.63 57.60±2.50 42.33±1.22 

5 66.66±1.63 33.34±1.63 53.34±1.63 46.66±2.98 

2.5 56.55±1.33 43.45±1.33 51.36±1.63 48.64±3.12 

1.25 44.66±1.63 55.34±1.63 47.13±1.63 52.87±1.58 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.000 0.000 0.000 

Ethyl Acetate 

4 53.33±2.98 46.67±2.98 63.34±2.49 36.66±1.33 

2 46.66±2.11 53.34±2.11 54.25±1.63 45.75±1.50 

1 38.00±2.90 62.00±2.90 48.12±2.26 51.88±2.45 

0.5 34.80±4.90 65.20±4.90 44.45±2.50 55.55±1.58 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.000 0.001 0.001 

Chloroform  

6 76.00±4.00 24.00±4.00 87.25±2.49 12.75±2.26 

3 60.00±1.63 40.00±1.63 66.67±2.98 33.33±1.85 

1.5 52.00±2.98 48.00±2.26 61.23±1.63 38.77±1.17 

0.75 46.00±1.63 54.00±1.63 58.56±1.33 41.44±1.58 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.000 0.000 0.001 

Petroleum ether 

7.5 58.00±1.63 42.00±1.63 77.78±1.63 22.22±1.63 

3.5 46.03±2.49 53.97±2.49 73.34±1.63 26.66±2.98 

1.75 21.33±2.49 78.66±2.49 65.35±1.63 34.65±2.12 

0.875 16.00±1.63 84.00±1.63 55.56±1.63 44.44±2.58 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.001 0.000 0.000 0.000 

Table 2. Effect of crude extracts of R. communis on development of third instar larvae of M. domestica using Thin Film Technique. 

Solvent Conc. (mg/cm2) Larval Mortality (%) Pupation (%) Pupal mortality    (%) Adult Emergence (%) 

Methanol 

5 68.45±2.11 31.55±2.11 60.00±2.20 40.00±2.11 

2.5 54.00±2.11 46.00±2.20 64.00±2.33 36.00±4.00 

1.25 48.66±1.63 52.00±2.33 55.56±2.59 44.44±1.63 

0.625 40.00±2.33 60.00±2.59 42.67±1.63 57.33±1.63 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.000 0.001 0.000 

Ethyl Acetate 

2 75.67±2.49 24.33±1.27 66.67±1.63 33.33±2.11 

1 67.33±1.63 32.67±1.63 60.00±2.11 40.00±1.63 

0.5 58.66±2.49 41.34±2.00 43.34±1.63 56.66±2.11 

0.25 46.66±1.63 53.34±1.63 37.66±1.63 62.34±1.85 
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Solvent Conc. (mg/cm2) Larval Mortality (%) Pupation (%) Pupal mortality    (%) Adult Emergence (%) 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.001 0.000 0.000 

Chloroform  

3 90.00±5.58 10.00±17.3 71.45±1.31 28.55±1.63 

1.5 86.66±5.58 13.34±17.3 67.55±1.63 32.45±1.63 

0.75 66.66±1.63 33.34±1.63 55.56±1.85 44.44±1.63 

0.375 48.34±1.63 51.66±2.11 43.33±2.49 56.67±1.31 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.000 0.001 0.000 

Petroleum ether 

3.8 66.66±2.67 33.34±1.63 66.37±1.54 33.63±1.63 

1.9 59.99±1.63 40.01±2.11 51.43±2.49 48.57±2.26 

0.95 47.67±1.63 52.33±4.00 56.22±2.98 43.78±1.85 

0.47 38.99±1.63 61.01±1.63 36.37±1.54 63.63±1.63 

Control 0.00±00 100±00 0.00±00 100±00 

P value 0.000 0.001 0.000 0.000 

 

 
Fig. 1. Toxicity of R. communis extracted with different solvents against third 

instar larvae of M. domestica using Dipping Method. 

 

Fig. 2. Toxicity of R. communis extracted with different solvents against third 

instar larvae of M. domestica using Thin Film Technique. 

4. Discussion 

Laboratory bioassays in present study evaluated the efficacy 

of crude extracts of R. communis on the third instar larvae of 

M. domestica using dipping and thin film technique. The 

results showed that the extracts of R. communis in all the 

solvents had toxic effects against the third instar larvae of M. 

domestica in both the methods. Larval mortality may be due to 

penetration of bioactive components of the plant extracts into 

the larval body through oral route or body wall in dipping and 

thin film method respectively. It has been reported that feeding 

behavior of the larvae was altered due do injurious effects 

caused by the active plant components that damaged epithelial 

lining of the gut [34]. The present study resulted in mortalities 

in all the four solvents in the order of chloroform > ethyl 

acetate > methanol > petroleum ether.  

The chloroform extract of R. communis showed the highest 

larval and pupal mortality. Similar results were reported in a 

study evaluating the toxicity of castor plant against the adult 

grass grub- Costelytra zealandica showing highest activity in 

chloroform extract. Ricinine was identified as main toxic 

substance by mass spectrometry [35]. The maximum activity 

of chloroform extracts might be due to the fact that ricinine, 

the potent insecticidal component of R. communis has been 

reported to have maximum solubility in chloroform [36]. 

Ricinine is a neurotoxic alkaloid that can paralyze and kill 

the insects [37]. It has been reported to have insecticidal 

activity against insect pest like Spodoptera frugiperda 

(Lepidoptera: Noctuidae) [38], Atta sexdens rubropilosa 

(Hymenoptera: Formicidae) [39] and Myzus persicae 

(Homoptera: Aphididae) [40]. The ethyl acetate extract 

showed the highest larval mortality after chloroform extract. 

Similar results were studied where ethyl acetate extract of R. 

communis showed highest mortality rate at lowest LC50 

0.390g/l while hexane extract was second followed by 

ethanol extract against Anopheles arabiensis [41]. Methanol 

extract showed lesser larval mortality than ethyl acetate 

extract. Lopez et al. [38] studied that the methanol leaf 

extract of R. communis showed 100% mortality against 

larvae of Spodoptera frugiperda at 24,000 ppm whereas the 

activity initiated at 560 ppm. Petroleum ether extract showed 

the least mortality among all the four extracts. Batabyal et al. 

[42] reported the toxicity of R. communis against Culex 

quinquefasciatus in which the carbon tetrachloride extract 

was observed to be most effective with LC50 144.11 ppm, 

followed by methanol extract with LC50 at 91.62 ppm. The 

petroleum ether extract was the least efficient with LC50 

390.26 ppm.  
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The developmental anomalies observed in the present 

study had been reported in the number of insect pests 

following exposure to plant extracts. Azadirachtin, one of the 

active ingredients of A. indica has been reported to have 

disrupting effects on insect growth and development 

including prolongation of larval or pupal stages and 

inhibition of moulting [43]. Various mechanisms of action 

have been put forward to explain these effects. The 

prolonged larval or pupal periods generally observed 

followed by exposure to plant products indicate that they 

interfere with the hormonal control of moulting [44]. 

Flavonoids are the phytochemicals constituting 5-10% of the 

known plant secondary metabolites. These are involved to 

exert toxic effects on insects which include insecticidal, 

antifeedent, antimicrobial, ovicidal and oviposition deterrent 

activity. Flavonoids isolated from the R. communis have 

demonstrared considerable insecticidal activities against 

Callosobruchus chinensis [27]. Insecticidal activity is mainly 

due to inhibition of certain vital enzymatic pathways, in 

which flavonoids block hydroxylase enzyme by action of 

cytochrome- P450 which is involved in regulation of 

moulting process of insects [27]. Flavonoids have also been 

reported to affect the insect ecdysone-20-monooxygenase, 

which is responsible for the synthesis of 20-

hydroxyecdysone, a vital precursor of insect growth 

hormone- ecdysone. The hormone is responsible for 

regulating the life cycle of the insects since it initiates 

moulting and hence they grow into adults. Any obstruction in 

synthesis of the hormone affects the duration of prepuation 

period and adult emergence rates. Prolongation of 

prepupation period and non emergence of adults among the 

treated larvae in the present study can be attributed to the 

hindrance in biosynthesis of ecdysone by flavonoids present 

in leaf extract of R. communis.  

5. Conclusion 

It can be concluded that leaf extracts of R. communis 

tested in present study can be useful in controlling fly 

population of M. domestica. The results indicate that the 

plant extract can cause larval mortality and developmental 

anomalies in the life cycle of the fly and can prove to be a 

safer alternative to conventional synthetic insecticides which 

are known to contaminate food chain leading to severe 

ailments among humans. Since easily accessible, the R. 

communis extracts can prove to be cost effective and eco-

friendly pest control agents. There is great potential for the 

plant to be taken up for development of biopesticides in the 

near future.  

Acknowledgements 

Financial assistance from the University Grant 

Commission New Delhi (India) vide file no: 42 - 551 / 2013 

(SR) for carrying out the present research is gratefully 

acknowledged. 

 

References 

[1] L. S. West (1951). The House Fly. Comstock Publishing, 
Ithaca, New York, pp. 584. 

[2] M. F. Khan, S. M. Ahmed (2000). Toxicity of crude neem leaf 
extract against housefly (Musca domestica L.) adults as 
compared with DDVP, dichlorvos. Tur. J. Zoo. 24: 219-223. 

[3] A. Barin, F. Arabkhazzeli, S. Rahbari, S. A. Madani (2010). 
The house fly, Musca domestica, as a possible mechanical 
vector of Newcastle disease virus in laboratory and field. Med. 
Vet. Entomol. 24: 88-90. 

[4] A. Ahmad, T. G. Nagaraja, L. Zurek (2007). Transmission of 
Escherichia coli O157: H7 to cattle by houseflies. Prev. Vet. 
Med. 80: 74-81.  

[5] L. Macovei, B. Miles, L. Zurek (2008). The potential of house 
flies to contaminate ready-to-eat food with antibiotic resistant 
Enterococci. J. Food Protec. 71: 432-439. 

[6] F. Zumpt (1965) Myiasis in Man and Animals in the old 
world. London, Butterworths, 267 pp. 

[7] T. Shono, J. G. Scott (2003) Spinasod resistance in the 
housefly Musca domestica, is due to recessive factor in 
autosome. Pest Biochem. Physiol. 75: 1-7.  

[8] A. Singh, Z. Singh (2015). Incidence of Myiasis among 
humans- a review. Parasitol. Res. 114(9): 3189-3199. DOI- 
10.1007/S00436-015-4620-y. 

[9] A. T. Ande (2001). Biological activities of some plant 
materials against the housefly – Musca domestica. NISEB J. 
1(4): 293-296.  

[10] D. J. Boxler, J. B. Campbell (1983). Survey of resistance by 
housefly, Musca domestica L. (Diptera: Muscidae), to 
dichlorvos in Nebraska feedlots. J. Kas. Entomol. Soci. 56: 
159-163. 

[11] H. Cao, Y. Yue, Z. Peng, R. Hua, F. Tang (2004). Evaluation 
of extracts from bamboo for biological activity against Culex 
pipiens (P). Entomol. Sinic. 11(4): 267-273.  

[12] A. Malik, N. Singh, S. Satya (2007). Housefly (Musca 
domestica): a review of control strategies for a challenging 
pest. J. Enviro. Sci. Health-PartB. 42: 453-469. 

[13] J. G. Scott, R. T. Roush, D. A. Rutz (1989). Insecticide 
resistance of house flies (Diptera: Muscidae) from New York 
USA dairies. J. Agri. Entomol. 6: 53-64. 

[14] M. Varzandeh, W. N. Bruce, G. C. Decker (1954). Resistance 
to insecticides as a factor influencing the biotic potential of 
the house fly. J. Eco. Entomol. 47: 129-134. 

[15] A. S. Perry (1958). Factors associated with DDT resistance in 
the house fly Musca domestica L. Proceedings, 10th 
International Congress of Entomology, 2: 157-172. 

[16] J. B. Kaneene, R. Miller (1997). Problems associated with 
drug residues in beef from feed and therapy. Rev. Sci. Tech. 
Off. Int. Epiz. 16(2): 694-708. 

[17] A. Nawaz (1999). Appraisal of weight losses in stored grains 
by Oryzaephilius surinamensis (L.) Colerptera: Cacujidae and 
its mortality by plant extacts. Thesis Department of 
Entomology. NWFP Agriculture University, Peshwar. 



10 Amandeep Singh and Jasneet Kaur:  Toxicity of Leaf Extracts of Ricinus communis L. (Euphorbiaceace)  

Against the Third Instar Larvae of Musca domestica L. (Diptera: Muscidae) 

[18] R. Dhar, H. Dawar, S. Garg, S. F. Basir, G. P. Talwar (1996). 
Effect of volatiles from neem and other natural products on 
gonotrophic cycle and oviposition of Anopheles stephensi and 
Anopheles culicifacies (Diptera: Culicidae). J. Med. Entomol. 
33: 195-201.  

[19] S. Promsiri, A. Naksathit, M. Kruatrachue, U. Thavara (2006). 
Evaluation of larvicidal activity of medicinal plant extracts to 
Aedes aegyti (Diptera: Culicidae) and other effects on a non 
target fish. Insect Sci. 13: 179-188.  

[20] A. Singh, J. Kaur (2015). Bioefficacy of crude extracts of 
Azadirachta indica (Meliaceae) on survival and development 
of myiasis causing larvae of Chrysomya bezziana (Diptera: 
Calliphoridae). Trop. Anim. Health Prod. 48:117-124. DOI- 
10.1007/s11250-015-0930-4. 

[21] M. Rana, H. Dhamija, B. Prashar, S. Sharma (2012). Ricinus 
communis – A Review. Int. J. Pharm. Tech. Res. 4(4): 1706-1711. 

[22] L. Skursky, D. Burleson, G. Waller (1969). Interconversion of 
ricinine and N-demethylricinine in senescent and green castor 
plant leaves. J. Biol. Chem. 244(12): 3238-3242.  

[23] S. Kang, G. Cordell, D. Soejarto, H. Fong (1985). Alkaloids 
and flavonoids from Ricinus communis. J. Nat. Prod. 48(1): 
155-156.  

[24] P. K. Sharma, J. D. Sharma (1998). Plants showing 
antiplasmodial activity from crude extracts to isolated 
compounds. Indian J. Malariol. 35: 57-110. 

[25] A. Brahim, O. Saadia, M. Fouad, M. Saadia (2006). Preliminary 
evaluation of larvicidal activity of aqueous extracts from leaves 
of Ricinus communis L. and wood of Tetraclinis articulata 
(Vahl) Mast. on the larvae of four mosquito species: Culex 
pipiens (Linne), Aedes caspius (Pallas), Culiseta longiareolata 
(Aitken) and Anopheles maculipennis (Meigen). Biotechnol. 
Agron. Soc. Environ. 10: 67-71. 

[26] G. D. Rossi, C. D. Santos, G. A. Carvalho, D. S. Alives, L. L. 
S. Pereira, G. A. Carvalho (2012). Biochemical analysis of 
caster bean leaf extract and its insecticidal effect against 
Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae). 
Neotrop. Entomol. 41: 503-509. 

[27] S. M. Upsani, H. M. Koltkar, P. S. Mendki, V. L. Maheshwari 
(2003). Partial characterization and insecticidal properties of 
Ricinus communis L. foliage flavonoids. Pest. Manage. Sci. 
59: 1349-1998. 

[28] W. Tinzarra, W. Tushemereirwe, C. K. Nankinga, C. S. Gold, 
I. Kashaija (2006). The potential of using botanical 
insecticides for the control of the banana weevil, Cosmopolites 
sordidus (Coleoptera: Curculionidae). African J. Biotechnol. 
5(20): 1994-1998.  

[29] K. L. Sukontason, N. Boonchu, K. Sukontason, W. Choochote 
(2004). Effects of Eucalyptol on House fly (Diptera: 
Muscidae) and Blow Fly (Diptera: Calliphoridae). J. São. 
Paulo. Inst. Trop. Med. 46 (2): 97-101.  

[30] S. Mishra, P. Kumar, A. Malik (2011). Adulticidal and 
larvicidal activity of Beauveria bassiana and Metarhizium 
anisopliae against house fly, Musca domestica (Diptera: 
Muscidae), in laboratory and simulated field bioassays. 
Parasitol. Res. 108: 1483-1492. 

[31] S. A. Mansour, R. F. A. Bakr, L. S. Hamouda, R. I. Mohamed 
(2012). Adulticidal activity of some botanical extracts, 

commercial insecticides and their binary mixtures against the 
housefly, Musca domestica L. Egypt. Acad. J. Biology. Sci. 
5(1): 151-167.  

[32] S. Siriwattanarungsee, K. L. Sukontason, J. K. Olson, O. 
Chailpakul, K. Sukontason (2008). Efficacy of Neem extract 
against the blowfly and housefly. Parasitol. Res. 103: 535-544. 

[33] D. J. Finney (1947) Probit Analysis. Cambridge University 
Press London, 33 pp. 

[34] S. Abdel-Shafy, R. M. El-Khateeb, M. M. Soliman, M. M. 
Abdel-Aziz (2009). The efficacy of some wild medicinal plant 
extracts on the survival and development of third instar larvae 
of Chrysomyia albiceps (Wied) (Diptera: Calliphoridae). Trop. 
Anim. Health Prod. 41: 1741-1753. 

[35] E. P. J. Burgess, E. M. W. T. Koha, R. F. N. Hutchins, L. 
Douglas (1988). Toxicity of leaves from the castor oil plant, 
Ricinus communis L. (Euphorbiaceae), to adult grass grub, 
Costelytra zealandica (White) (Coleoptera: Scarabaeidae). N. 
Z. J. Agri. Res. 16: 63-66. 

[36] N. V. S. Rao, 1945. A note on chemical composition of castor 
leaves. Proc. Indian Acad. Sci. 21(3): 123-125. 

[37] A. C. Ferraz, M. E. M. Angelucci, M. L. Costa, I. R. Batista, 
B. H. Oliveira, C. Cunha (1999) Pharmacological evaluation 
of ricinine, a central nervous system stimulant isolated from 
Ricinus communis. Pharmacol. Biochem. Behav. 63: 367–375. 

[38] M. A. R. Lopez, G. S. Pérez, C. R. Hernández, P. G. Fefer, M. 
A. Z. Sanchez (2010). Activity of Ricinus communis 
(Euphorbiaceae) against Spodoptera frugiperda (Lepidoptera: 
Noctuidae). Afr. J. Biotechnol. 9: 1359–1365.  

[39] M. F. Bigi, L. V. Torkomian, T. C. S. Groote, M. J. Hebling, 
O. C. Bueno, F. C. Pagnocca, B. J. Fernandes, C. P. Vieira, M. 
F. Silva (2004). Activity of Ricinus communis 
(Euphorbiaceae) and ricinine against the leaf-cutting ant Atta 
sexdens rubropilosa (Hymenoptera: Formicidae) and the 
symbiotic fungus Leucoagaricus gogylophorus. Pest Manag. 
Sci. 60: 933-938.  

[40] J. I. Olaifa, F. Matsumura, J. A. D. Zeevaart, C. A. Mullin, P. 
Charalambous (1991). Lethal amounts of ricinine in green 
peach aphids (Myzus persicae) (Suzler) fed on castor bean 
plants. Plant Sci. 73: 253–256.  

[41] A. G. M. Basheer (2014). Ricinus communis (Castor) as 
larvicide on Anopheles arabiensis Patton. Int. J. Adv. Pharm. 
Bio. Chem. 3(2): 319-328. 

[42] L. Batabyal, P. Sharma, L. Mohan, P. Maurya, C. N. 
Srivastava (2009). Relative toxicity of neem fruit, bitter gourd, 
and castor seed extract against the larvae of filaria vector, 
Culex quinquefasciatus. Parasitol. Res. 105: 1205-1210. 

[43] E. A. Vinuela, A. Adan, G. Smagghe, M. Gonzalez, M. P. 
Medina, F. Budia, H. Vogt, P. D. Estal (2000). Laboratory 
effects of ingestion of azadirachtin by two pests (Ceratitis 
capitata and Spodoptera exigua) and three natural enemies 
(Chrysoperla carnea, Opius concolor and Podisus 
maculiventris). Biocontrol. Sci. Technol. 10: 165-177.  

[44] H. Schmutterer (1990). Properties and potential of natural 
pesticides from the neem tree. Annu. Rev. Entomol. 30: 698–700. 

 


