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Abstract The hexane and ether extracts of leaves, bark and
roots of Jatropha curcaswere screened for their toxicity against
different developmental stages of housefly. The larvicidal,
pupicidal and adulticidal activities were analysed at various
concentrations (0.78–7.86 mg/cm2) of hexane and ether ex-
tracts. The lethal concentration values (LC50) of hexane extract
of J. curcas leaves were 3.0 and 0.27 mg/cm2 for adult and
larval stages of housefly, respectively, after 48 h. Similarly,
the ether extract of leaf showed the LC50 of 2.20 and
4.53 mg/cm2 for adult and larval stages of housefly. Least tox-
icity was observed with hexane root extract of J. curcas with
LC50 values of 14.18 and 14.26 mg/cm2 for adult and larvae of
housefly, respectively, after 48 h. The variation in LC50 against
housefly pupae was found to be 8.88–13.10 mg/cm2 at various
J. curcas extract concentrations. The GC-MS analysis of
J. curcas leaf extract revealed the presence of trans-phytol
(60.81 %), squalene (28.58 %), phytol (2.52 %) and
nonadecanone (1.06 %) as major components that could be
attributed for insecticidal activity of J. curcas extracts.
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Introduction

The chemical control approach to manage pest problems has
become a common practice everywhere. Synthetic pesticides,
such as organophosphate, carbamates and pyrethroids, have
contributed greatly to pest control (Srinivasan et al. 2008).
These are generally based on one mode of action (MOA) that
inhibits a specific biochemical pathway of the target pest
resulting in rapid emergence of tolerant pest. On the other
hand, plants are the richest source of various constituents
called the secondary metabolites which deploy multiple
MOAs to suppress pests, due to which development of resis-
tance to these multiple factors by target organisms is extreme-
ly unlikely (Krause 2010). There are several plants with re-
ported pesticidal properties such as Jatropha curcas,
Cannabis sativa, Momordica charantia, Ricinus communis,
Azadirachta indica and Gingiber officinale. Amongst these,
J. curcas because of its multipurpose usage has been attracting
the researchers to explore its role as pesticidal agent.

Jatropha curcas (Euphorbiaceae: Malpighiales) is a versa-
tile plant with many features and considerable prospectives.
The plant parts have been used in traditional medicine to cure
dysentery, gonorrhoea, infertility, small pox and skin infec-
tions (Akintayo 2004), while their insecticidal and antimicro-
bial properties have been proved by several reports (Fagbenro-
Beyioku et al. 1998; Georges et al. 2008; Rahuman et al.
2008; Arekemase et al. 2011). The insecticidal potential of
J. curcas leaf extract has been reported against larvae of
Anopheles stephensi (Sakthivadivel and Daniel 2008), Aedes
aegypti and Culex quinquefasciatus (Rahuman et al. 2008;
Sakthivadivel and Daniel 2008; Kovendan et al. 2012).
Juliet et al. (2012) reported significant reduction in hatching
of ticks treated with ethanolic leaf extract of J. curcas.
Similarly, the petroleum ether extract of J. curcas leaf showed
significant effect against Sitophilus oryzae (Khani et al. 2011).
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The Jatropha seed oil has been reported for their control effi-
cacy against eggs, larvae, pupae and adults ofCallosobruchus
maculatus (Adebowale and Adedire 2006; Boateng and Kusi
2008) adults of Microcerotermes beesoni (Singh and
Sushilkumar 2008) and larvae of Schistocerca gregaria
(Bashir and El Shafie 2013). The seed extracts of J. curcas
can significantly manage the larvae of Helicoverpa armigera
and adults of Bemisia tabaci (Aravinda et al. 2008).

Various plant parts of J. curcas are rich in variety of diverse
compounds, which are considered responsible for their bioac-
tivities. The phytochemical screening of J. curcas leaf extract
has revealed the presence of flavonoids, steroids,
triterpenoids, alkaloids, tannins and saponins as major com-
pounds (Uche and Aprioku 2008). Wang et al. (2009)
analysed the bioactive components of J. curcas leaf by
GC-MS and reported 22,23-dihydro-stigmasterol (16.14 %),
alpha-tocopherol (15.18 %), beta-amyrin (7.73 %) and
dotriacontanol (7.02 %) as the most abundant compounds.
Namuli et al. (2011) reported the presence of oxalic acid,
dimethyl ester, hexadecanoic acid and methyl ester as major
components in methanolic leaf extract, while beta-sitosterol
was detected to be major component of hexane leaf extract
of J. curcas. Components of J. curcas plant extracts have
shown insecticidal activity (Mathew and Thoppil 2011;
Cruz-Estrada et al. 2013), and thus, it is expected that this
activity is influenced by the components present in its extract.

The housefly,Musca domestica L., is one of the most com-
mon insect vector for parasitic diseases associated with vec-
toring of etiological agents of bacterial, protozoan and viral
diseases. Typhoid, cholera, dysentery and tuberculosis are
some of the common diseases transmitted by housefly-
related pathogens (Fotedar 2001; Malik et al. 2007; Pavela
2008; Kumar et al. 2012). Previously in our lab, repellent,
larvicidal, pupicidal and adulticidal properties of essential oils
have been explored against various life stage of housefly
(Kumar et al. 2011, 2012). Subsequent to which, essential
oil-based formulations, gel (Kumar et al. 2013a), emulsion
(Kumar et al. 2013b) and nanoparticles (Kumar et al. 2014),
were developed. Based on the encouraging results obtained
with essential oils, investigation of plant extracts for housefly
control option was taken up. To the best of authors’ knowl-
edge, there are no reports on the insecticidal activity of plants
extracts of J. curcas against housefly. Thus, the present study
investigate the insecticidal activity of leaf, bark and root ex-
tracts of J. curcas plants against various life stages of housefly.

Materials and method

Materials

Fresh leaves, barks and roots of Jatropha curcas were collect-
ed from Jatropha plantation at Micro-model complex, IIT

Delhi, Hauz Khas, India (28.54° N latitude and 77.19° E lon-
gitude). The plant parts were collected during summer season
(June–September) in the year 2011.

Preparation of J. curcas leaf extract

Collected plant parts of J. curcas were thoroughly washed
with water, air dried and powdered at room temperature.
Fifty grams of powdered plant parts were added to 300 ml
of solvents (hexane and ether) and extracted through soxhlet
extraction for 6–8 h (Verma et al. 2013). The extracts were
filtered through Whatman no.1 filter paper, and the solvent in
the extracts was evaporated with a Buchi rotary evaporator
(Rotavapor R-210). All the crude extracts were stored in am-
ber bottles and kept in dark at −20 °C. The extracts at 0.5 g/ml
were considered as the absolute concentration and were dilut-
ed with their respective solvents (hexane and ether) to prepare
dilutions (0.25 and 0.05 g/ml) used for the bioassays.

Rearing of house flies

Adult houseflies were collected from the garbage site of the
Indian Institute of Technology, Delhi, India, using a sweep net
method. The collected flies were used for rearing in the lab
conditions according to the method described by Kumar et al.
(2011). The larvae, pupae and adult flies obtained from the
rearing of field houseflies were used for different bioassays in
this study.

Bioassay against housefly

The plant extracts of J. curcas were evaluated different life
stages of housefly using contact toxicity assay. The assay was
performed in a Petri plate (diameter, 9 cm) containing
Whatman no. 1 filter paper, to which different concentrations
(0.78, 3.93 and 7.86 mg/cm2) of J. curcas plant extracts were
applied. Treated filter paper was air-dried for 5 min before
introduction of larvae, pupae and adults to Petri plates. Petri
plates were kept at the temperature of 28±2 °C and relative
humidity (RH) of 70 %. Three replicates of each extract treat-
ment were performed.

The assay against adult flies was performed using 10
houseflies (2–3 days old) on filter paper along with diet com-
posed of a mixture of groundnut oil cake and wheat bran at a
ratio of 1:3. The treated flies were observed for 5–6 days. For
each larvicidal bioassay, 10 larvae (second instars) were kept
on filter paper along with larval diet, and the treated larvae
were observed for any change in appearance and mobility for
the next 5 days. For pupicidal assay, 10 pupae (2–3 days old)
were placed on a filter paper impregnated with different con-
centrations of J. curcas extracts in a Petri plate. Adult emer-
gence in pupae was observed until 6 days.
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Gas chromatography and mass spectroscopy of hexane
extract of J. curcas leaf

The hexane leaf extract of J. curcas was analysed using a
Shimadzu 2010 Gas Chromatograph instrument equipped
with a FID data processor (AB-Innowax 7031428, Japan).
Carrier gas was helium with a flow rate of 3 ml/min at a
column pressure of 174.3 kPa. The injector temperature was
maintained at 260 °C. Samples (1 μl) were injected into the
column with a split ratio of 10.0. Component separation was
achieved following a linear temperature program of 100–
260 °C at 3 °C/min and then held at 260 °C for 6 min, with
a total run time of 50 min. The percentage composition was
calculated using area normalization method assuming equal
detector response. The samples were then analysed on the
same Shimadzu instrument fitted with the same column and
following the same temperature program as above. The MS
parameters used were ionization voltage (EI) 70 eV, peak
width 2 s, mass range 40–650 m/z and detector voltage
1.5 V. Analytes profile was characterized from their mass
spectral data using National Institute of Standards and
Technology (NIST12 or NIST62) and Wiley 229 mass spec-
trometry libraries.

Statistical analysis

Mortality data obtained from application of plant extracts in
each bioassay were corrected for control mortality using
Abbott’s formula (Abbott 1925) and normalized using arcsine
trans-formation before being subjected to probit analysis for
calculating LC50, LC90, LT50 and chi square values using
Statistical Package for Social Sciences (SPSS), Inc. 17.0
(SPSS 2008).

Results

Chemical composition analysis of J. curcas leaf
through GC-MS

The active components present in the plants are generally
responsible for their insecticidal activity. The qualitative and
quantitative analysis of hexane leaf extract of J. curcas
through GC-MS revealed the presence of different alcohols,
hydrocarbons, esters, ketones and other compounds constitut-
ing 98.61 % of the total identified compounds (Table 1). The
quantity of alcohols was in the highest fraction at 64.07 %,
followed by esters (30.57%) and ketones (1.27 %). The major
components identified in the analysis were trans-phytol
(60.81 %), squalene (28.58 %), phytol (2.52 %) and
nonadecanone (1.06 %). The compound phytol is a diterpene
reported as to be the major metabolite in the ethanolic extracts
of Petiveria alliaceae, which was found to be responsible for

the insecticidal activity against eggs and nymphs of Bemisia
tabaci (Cruz-Estrada et al. 2013). Mathew and Thoppil (2011)
reported phytol to be an important constitute of essential oil of
Salvia splendens and postulated its role in insecticidal activity
against Aedes albopictus larvae. In another report by Verma
et al. (2013), high percentage of fatty acids and terpenes was
detected in methanolic extract of J. curcas root, which were
found to play an important role in the anti-termiticidal activity
of the extract. In literature, there were few studies which in-
vestigated chemical composition of J. curcas leaf (Wang et al.

Table 1 GC-MS profile of hexane extract of Jatropha curcas leaf

Compounds RT (min) %

Alcohols

2-Methylpentanol 14.95 0.17

Phytol 15.18 2.52

3-Dodecanol 17.4 0.57

Trans-phytol 17.96 60.81

64.07

Hydrocarbons

8-Methyl-1-decene 9.98 0.25

Etramethyl-2,6-octadiene 13.68 0.15

1-Octadecyne 15.63 0.91

Isobutylbenzene 16.46 0.17

1,3,5-Triisopropyl-2-methylbenzene 35.08 0.22

1.70

Esters

Octyl acetate 9.07 0.33

Heptyl acetate 9.68 0.19

Citronellyl acetate 15.44 0.25

Phthalic acid, diundecyl ester 15.79 0.12

Methyl undecanoate 16.12 0.18

Phthalic acid, decyl octyl ester 16.71 0.19

1,2-Benzendicarbonic acid,dioctyl ester 24 0.11

Squalene 27.1 28.58

DL-α-Tocopheryl acetate(vitamin E acetate) 30.92 0.40

Isopropenyl dodecanoate 36.47 0.22

30.57

Ketones

2-Undecanone 15.36 0.10

Nonadecanone 17.34 1.06

2,2-Dimethyl-3-hexanone 22.77 0.11

1.27

Others

Phthalic acid (aromatic dicarboxylic acid) 13.06 0.50

4-Methylpiperidine (amine) 17.57 0.29

Hexanoic anhydride 21.01 0.10

Sulfone, butyl isopropyl 34.33 0.11

1.00

Total percentage (%) 98.61
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2009; Namuli et al. 2011); however, none of these reported
studies evaluated active components of extracts in terms of
their insecticidal activity. To the best of authors’ knowledge,
this is the first study which investigated active component of
extract in context of its insecticidal activity and thus holds
significance.

Bioassays against housefly

Adulticidal assay

The present study evaluated insecticidal activity of Jatropha
curcas plant extracts against housefly through contact toxicity
assay. The activity was assessed using extracts in two different
solvents: hexane and ether. Both hexane and ether extracts of
J. curcas leaf showed substantial activity against housefly
adults (Table 2). The activity of extracts is represented in terms
of their medium lethal concentrations (LC50) which were 3.0
and 2.20 mg/cm2 for hexane and ether extract of leaf, respec-
tively. Moderate activity was observed with extracts of
J. curcas bark, where LC50 values for hexane and ether ex-
tracts were 5.52 and 6.26 mg/cm2, respectively. Relatively
poor activity was obtained with root extracts of J. curcas, with
LC50 of 14.18 mg/cm2 (hexane extract) and 12.77 mg/cm2

(ether extract). Similar observations were obtained from
values of lethal time (LT50) required for insect mortality with
different extracts (Table 3). The values of LT50 at absolute
concentration (7.86 mg/cm2) were 22 and 30 h (Table 3) for
hexane and ether extracts of J. curcas leaf. Similarly, the bark
extract showed the LT50 values of 42 h (hexane extract) and
40 h (ether extract), while the root extract showed the maxi-
mum lethal time and the values of LT50 were 59 and 65 h for
hexane and ether extract, respectively.

Larvicidal assay

The extracts of J. curcas showed considerable larvicidal ac-
tivity at 48-h post-treatment, the hexane leaf extract of
J. curcas was most active, LC50 as 0.27 mg/cm2, among all

the tested extracts (Table 4). The ether extracts of J. curcas
leaf were considerably low with a LC50 of 4.53 mg/cm2. The
efficacy of J. curcas root in both hexane and ether was rela-
tively lowwith LC50 of 14.26 and 14.02 mg/cm2, respectively.
The bark extract of J. curcas depicted moderate larvicidal
activity, with LC50 values of 5.97 mg/cm2 (hexane) and
10.11 mg/cm2 (ether). The variation in lethal time was record-
ed with different J. curcas extracts (Table 5). The values of
LT50 at absolute concentration (7.86 mg/cm2) of J. curcas
were found to be 19 h (hexane) and 34 h (ether) for leaf extract
(Table 5), whereas for bark extract, LT50 were 42 and 50 h for
hexane and ether solvents, respectively. The root extract of
J. curcas showed the maximum lethal time, and the LT50 for
hexane and ether extracts were found to be 72 and 66 h,
respectively.

Pupicidal assay

The pupicidal activity of housefly was evaluated using differ-
ent concentrations of J. curcas extracts. The LC50 was calcu-
lated after 6 days of observation and showed variation with
different concentrations of J. curcas extracts (Table 6). The
variation in LC50 in hexane and ether extracts of J. curcas leaf
was found to be 8.88–8.95 mg/cm2. The hexane and ether
extracts of J. curcas bark showed the variation in LC50 as
10.33–9.72 mg/cm2. The root extract of J. curcas had
displayed the LC50 of 13.10 mg/cm2 in both hexane and ether
solvent.

Discussion

The present study focused on the evaluation of J. curcas ex-
tract efficacy to control different developmental stages of
housefly. The important factor for effectiveness of any botan-
ical is its minimum lethal doses in least possible time. In the
present study, we observed that most of the tested extracts of
J. curcas showed considerable activity against housefly after
48 h of the application. The hexane extract of J. curcas leaf

Table 2 Lethal concentrations
(LC50 and LC90, mg/cm2) of
different extracts of J. curcas
against adults of housefly in a
contact toxicity assay after 48 h
of observation

Plant parts Solvent Statistical value

LC50 (LCL–UCL), mg/cm2 LC90 (LCL–UCL), mg/cm2 Chi square

Leaf Hexane 3.003 (1.067–4.404) 9.333 (7.172–15.135) 1.885

Ether 2.207a 11.472 (8.048–28.411) 0.964

Bark Hexane 5.523 (2.818–14.182) 17.205 (11.037–85.028) 0.273

Ether 6.261 (3.457–35.840) 19.293 (11.793–231.318) 0.288

Root Hexane 14.185a 29.701a 0.575

Ether 12.775 (8.294–988.485) 24.670 (14.571–2454.789) 0.476

LCL lower confidence limit, UCL upper confidence limit
a The missing values could not be obtained with statistical analysis
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was found to be the most active, which correlates with active
components present. Phytols as active compounds were either
absent or were present in minute fraction in bark and root
extracts of J. curcas (Verma et al. 2013; Namuli et al. 2011).
The extracts of root and bark were comparatively less active
for housefly control in the present investigation, reflecting the
role of phytols in insecticidal activity determination. The
insecticidal activity of J. curcas has already been
demonstrated in many studies. Khani et al. (2011) reported
petroleum ether extracts of Jatropha curcas as antifeedent
and adulticidal agent, and the LC50 value was 6.82 μl/g for
Sitophilus oryzae. Similarly, Verma et al. (2013) studied the
effect of root, bark and leaf extracts of J. curcas (Microtermes
obesi), where mortality of 100 % was achieved with metha-
nolic root extracts, whereas ether extract of leaf showed mod-
erate (70 %) activity. The least toxicity was recorded with
hexane extract of root and butanolic extract of leaf (66 %) at
0.5 g/ml against termites after 48 h. Boateng and Kusi (2008)
demonstrated the toxicity of J. curcas seed oil to
Callosobruchus maculatus and its Parasitoid (Dinarmus
basalis) at all treatment levels. These studies validate the po-
tential of J. curcas in controlling broad range of insects. But,
there was no reported study of J. curcas extracts against adult
housefly, while very few studies have reported the effect of

other plant extracts against housefly, for example, Khan and
Ahmed (2000) observed the potency of neem extract on adult
housefly with LD50 and LD90 of 8.4 and 169.8 μg/fly. The
larvicidal activity of Polygonum hydropiper leaf oil was eval-
uated against A. aegypti, and the LC50 values were 190.72 and
234.37 ppm against second and fourth instar larvae,
respectively (Maheswaran and Ignacimuthu 2014).

Plant parts of J. curcas extracts have been reported to be
considerably effective as larvicidal agent, as Kovendan et al.
(2011) established the effective larvicidal activity in methano-
lic leaf extracts of J. curcas; the LC50 values for L1–L4 were
1.20–1.44 % against Culex quinquefasciatus. The extracts of
J. curcas and Euphorbia tirucalli were observed to be effec-
tive against the larvae of A. aegypti with LC50 of 8.79 and
4.25 ppm, respectively (Rahuman et al. 2008). Sakthivadivel
and Daniel (2008) also confirmed the toxicity of petroleum
ether extract of J. curcas leaf and recorded the LC50 value of
less than 100 ppm against the larvae of C. quinquefasciatus,
A. stephensi and A. aegypti. Singh et al. (2006) reported higher
larvicidal efficacy of hexane extract of M. charantia than its
crude extract, and the LC50 values of hexane extract against
A. stephensi, C. quinquefasciatus and A. aegypti were 66.05,
96.11 and 122.45 ppm, respectively. As described earlier,
J. curcas was found to be competent in controlling the larval

Table 4 Lethal concentrations
(LC50 and LC90, mg/cm2) of
different extracts of J. curcas
against larvae of housefly in a
contact toxicity assay after 48 h
of observation

Plant parts Solvent Statistical value

LC50 (LCL–UCL), mg/cm2 LC90 (LCL–UCL), mg/cm2 Chi square

Leaf Hexane 0.275a 7.843 (5.660–15.710) 0.608

Ether 4.534a 19.966a 0.351

Bark Hexane 5.972a 33.023a 0.541

Ether 10.112a 26.137a 0.675

Root Hexane 14.269a 24.704a 2.681

Ether 14.023 (9.295–306.596) 23.630 (14.390–637.040) 1.866

LCL lower confidence limit, UCL upper confidence limit
a The missing values could not be obtained with statistical analysis

Table 3 Lethal Time (LT50, h) of different extracts of J. curcas against adults of housefly in a contact toxicity assay

Plant parts Solvent Concentration of plant extracts

0.78 mg/cm2 3.93 mg/cm2 7.86 mg/cm2

LT50 (LCL–UCL) Chi square LT50 (LCL–UCL) Chi square LT50 (LCL–UCL) Chi square

Leaf Hexane 53.12 (43.39–77.18) 9.28 46.57 (38.03–65.35) 2.44 22.14 (16.19–28.13) 1.73

Ether 57.32 (42.28–127.33) 1.10 38.33 (31.31–51.18) 2.07 30.81 (24.78–39.43) 1.17

Bark Hexane 58.08 (47.46–86.98) 6.44 49.07 (40.75–66.98) 6.69 42.14 (35.15–54.97) 1.87

Ether 58.08 (47.46–86.98) 6.44 51.18 (41.94–73) 6.84 40.29 (33.57–52.34) 6.64

Root Hexane 86.96 (58.93–635.54) 5.55 66.31 (52.71–120.99) 3.76 59.44 (47.56–94.60) 5.47

Ether 88.32 (59.79–1603.72) 4.94 79 (56.08–268.15) 7.84 65.37 (48.44–144.01) 5.00

LCL lower confidence limit, UCL upper confidence limit
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stages of insects, but again, there were very less reports
relating the effectiveness of plant extracts against housefly
larvae. Islam and Aktar (2013) studied the effect of
Calotropis procera (root extract), Piper longum (root extract)
and Polygonum hydropiper (leaf extract) and estimated the
LC50 values as 5399.93, 8149.33 and 7276.00 ppm, after
72 h against housefly larvae. Similarly, Begum et al. (2010)
reported the LC50 values of C. procera and A. squamosa
ethanolic extracts to be 282.5 and 550 ppm, respectively,
after 48 h, against housefly larvae through dipping method.

Jatropha curcas extracts have not been evaluated for
pupicidal activity against insects. However, other plant ex-
tracts were reported to cause significant pupicidal activity.
In a study, Krishnappa et al. (2012) highlighted the potent
pupicidal activity of ethanolic extracts of Gliricidia
sepium. In their study, the extracts of G. sepium at the
concentration of 50, 75 and 100 ppm recorded a mortality
of 61.20, 70.93 and 91.10 % against A. stephensi. The
ethanol fractionate of Eichhornia crassipes showed LC50

of 173.35 ppm against C. quinquefasciatus pupae (Jayanthi
et al. 2012). Murugan et al. (2012) reported the pupicidal
efficacy of Citrus sinensis peel extract against A. stephensi,
A. aegypti and C. quinquefasciatus, with LC50 were of

490.84, 497.41 and 530.97 ppm, respectively. Overall,
the present study has shown moderate activity of
J. curcas extracts against different stages of housefly, with
substantial higher doses required for killing activity.
However, the adverse effect of sub-lethal doses as docu-
mented in the previous studies is expected to play a signif-
icant role towards insect control. The evaluation of sub-
lethal doses by Pavela (2007) showed decrease in longev-
ity and higher mortality of larvae and adults of housefly,
while the growth inhibition and agitation in insects’ larvae
at sub-lethal doses were reported by Hummelbrunner and
Isman (2001). The above discussion suggests that even if
larger dose of botanical may be required for insects’ lethal-
ity, effect of sub-lethal dose on their behaviour, although
not very prominent, might affect the overall control of in-
sect. The results obtained in the present study highlight the
activity of J. curcas against different stages of housefly.
The current study would certainly propose J. curcas as
the potential candidate to manage various life stages of
the housefly. Hence, it becomes pertinent to develop active
formulations as well as design methods to deliver the ac-
tive plant component to the desired target site in an eco-
friendly way.

Table 5 Lethal time (LT50, mg/cm2) of different extracts of J. curcas against larvae of housefly in a contact toxicity

Plant parts Solvent Concentration of plant extracts

0.78 mg/cm2 3.93 mg/cm2 7.86 mg/cm2

LT50 (LCL–UCL) Chi square LT50 (LCL–UCL) Chi square LT50 (LCL–UCL) Chi square

Leaf Hexane 43.14 (35.01–60.59) 3.57 26.78 (20.53–34.30) 7.50 19.98 (14.43–25.17) 2.34

Ether 58.86 (43.18–137) 3.42 46.44 (37.31–68.25) 2.37 34.76 (27.36–48.22) 6.62

Bark Hexane 54.84 (41.48–105.88) 2.91 48.02 (38.63–70.96) 4.15 42.41 (35.08–56.65) 6.12

Ether 69.91 (51.41–166.89) 5.35 60.75 (47.65–103.50) 4.36 50.38 (41.25–71.58) 3.82

Root Hexane 131.53a 8.52 77.96 (56.92–260.53) 4.97 72.67 (53.46–179.51) 5.42

Ether 131.53a 8.52 81.34 (58.34–676.27) 5.05 66.31 (52.71–120.99) 3.76

LCL lower confidence limit, UCL upper confidence limit
a The missing values could not be obtained with statistical analysis

Table 6 Lethal concentrations
(LC50, mg/cm2) of different
extracts of J. curcas against pupae
of housefly in a contact toxicity
assay

Plant parts Solvent Statistical value

LC50 (LCL–UCL), mg/cm2 LC90 (LCL–UCL), mg/cm2 Chi square

Leaf Hexane 8.88 (6.64–17.93) 17.16 (11.99–43.29) 2.40

Ether 8.95 (7.31–13.54) 14.25 (11.0–25.32) 2.68

Bark Hexane 10.33 (8.17–19.46) 15.87 (11.73–35.96) 1.22

Ether 9.72a 11.59a 0.001

Root Hexane 13.10 (9.20–85.19) 20.67 (13.67–166.35) 1.92

Ether 13.10 (9.20–85.19) 20.67 (13.67–166.35) 1.92

LCL lower confidence limit, UCL upper confidence limit
aMissing values could not be obtained by statistical analysis
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Conclusion

The present study investigated the hexane and ether extracts of
J. curcas against different life stages of housefly. The toxicity
of plant extracts varied not only with different life stages of
insect but also with plant parts and the solvents used for their
extraction. The results indicated a superior insecticidal activity
in leaf extract of J. curcas. The increase in efficacy was more
pronounced in hexane leaf extract which was demonstrated by
the results obtained through bioassays on different life stages
of housefly and further confirmed by the compositional anal-
ysis of the hexane leaf extract of J. curcas. The overall results
indicated a much better efficacy of J. curcas leaf extract than
extracts of bark and root. Moreover, the leafy biomass is avail-
able throughout different seasons and life of the plant. The
extract preparation and procurement of leaf biomass is also
an easy chore than handling other parts (bark and root) of the
plant, and hence, these findings provide J. curcas as potential
and reliable option for pesticidal application.
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