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ABSTRACT

The pesticidal potential of aqueous and methanolic flower extracts of Sterculia foetida (L). was evaluated
against the pulse beetle, Callosobruchus chinensis (L), a major pest of stored legumes. Adult beetles were
monitored daily for seven days to determine percentage mortality and calculate LD50 values. Both extracts
produced significantly high mortality, however, mortality was markedly higher in the methanolic extract
treatments. While the control group exhibited complete survival, confirming the strong pesticidal activity
of the plant extracts. The efficacy of the extracts was clearly dose-dependent, with higher concentrations
causing significantly greater toxicity to C. chinensis than the lower doses. Biochemical analyses revealed
marked physiological disruptions in treated insects, indicated by substantial reductions in total body protein
and glycogen levels compared to the untreated control. These changes suggest interference with essential
metabolic pathways necessary for insect survival.Phytochemical screening showed seven bioactive
components in the crude aqueous extract-alkaloids, steroids and terpenoids, flavonoids, coumarins, cardiac
glycosides, saponins, and quinines-and eight in the methanolic extract, including alkaloids, tannins, phenols,
steroids and terpenoids, flavonoids, coumarins, cardiac glycosides, and saponins These results demonstrate
that S. foetida flower extracts possess significant insecticidal activity and biochemical effects on C. chinensis,
suggesting their promise as eco-friendly alternatives for stored-grain pest management
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Introduction

Callosobruchus chinensis (L), pulse beetle or cowpea
weevil, is a major pest of stored legumes in tropical
and subtropical regions (Singh et al., 2013). It be-
longs to the family Chrysomelidae, subfamily
Bruchinae, and infests pulses such as chickpeas
(Cicer arietinum), mung beans (Vigna radiata), lentils
(Lens culinaris), and cowpeas (Vigna unguiculata).
Adult females lay eggs on the seed surface; after
hatching, larvae penetrate the seed, feeding inter-

nally and causing weight loss, reduced germination,
and deterioration of nutritional quality (Srinivasan
annd Durairaj, 2007).

Heavy infestations can result in severe post-har-
vest losses, sometimes exceeding 30-50% under im-
proper storage conditions (Sharma and Thakur,
2014). Conventional control methods rely on syn-
thetic insecticides and fumigants, but these ap-
proaches raise concerns such as pesticide resistance,
residue contamination, and environmental hazards
(Rajapakse and Van Emden, 1997). Consequently,
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eco-friendly strategies including the use of botani-
cals and plant-derived pesticides are increasingly
explored for managing C. chinensis populations in
stored grains (Isman, 2006). Recent studies have re-
affirmed the importance of plant-based
bioinsecticides for managing stored-product pests
within integrated pest management frameworks.
For instance, a 2024 review emphasized the growing
potential of botanical extracts, essential oils, and
other plant-derived products as eco-friendly control
agents against grain pests, highlighting their biode-
gradability, minimal residue issues, and broad-spec-
trum efficacy. (Dimitriadi et al., 2023) (Gharsan,
2024)

Sterculia foetida (L) is a tall tree that grows up to
115 ft tall and belongs to the family Malvaceae. The
seeds of S. foetida can be eaten as raw and are not
harmful to humans and animals. The flowers of the
tree have peculiar odour. They are green or purple
in colour. Its seeds, leaves, and bark contain
bioactive compounds such as sterculic acid, malvalic
acid, and cyclopropenoid fatty acids, which exhibit
insecticidal and growth-inhibitory effects (Kumar et
al., 2020). Extracts from S. foetida seeds or leaves
have also shown repellent and antifeedant activities
against a variety of insects, making it a promising
candidate for integrated pest management pro-
grams (Srinivasan et al., 2021). Keeping this in view,
the present study was carried out to test the pesti-
cidal potential of the aqueous and Methanol extracts
of S. foetida against the pulse beetle, Callosobruchus
chinensis (L),

Materials and Methods

Test Insects

Adult pulse beetles (C. chinensis L.) were obtained
from infested green gram seeds purchased from lo-
cal markets. Male and female beetles were main-
tained on clean, uninfested green gram seeds. To
ensure the seeds were free from pesticide residues,
they were thoroughly washed with clean water.
Newly emerged adults were then selected for the
experiment.

Preparation of the flower extracts

The flowers of the plant, S. foetida (L) were collected
and dried under direct sunlight and powdered. The
flower powder was extracted in distilled water and
methanol solvent to prepare the crude and

methanolic extracts respectively. Both the extracts
were preliminarily screened for the presence of
bioactive components following standard protocol.

 Extracts were prepared in two solvents - Dis-
tilled water and Methanol.
Aqueous extract: 10 g of the flower powder was
mixed with 100 ml of distilled water in a conical
flask and allowed to stand overnight, with the
mouth plugged with cotton. Then it was stirred us-
ing a magnetic stirrer for 1 hour and filtered to get
the crude extract. The filtrate was refrigerated in a
glass bottle for further analysis.

Methanolic extract

10 g of the flower powder was mixed with 100 ml of
methanol in a conical flask and allowed to stand
overnight, with the mouth plugged with cotton.
Then it was stirred using a magnetic stirrer for 1
hour and filtered to get the methanolic extract. The
filtrate was refrigerated in a glass bottle for further
analysis.

Treatments

The extracts were applied at different doses (0.5%,
1%, 1.5%, 2% & 2.5%) on Whatmann No. 1 filter pa-
per and air-dried for an hour. The controls were
treated with distilled water or methanol only.
Treated and control filter paper discs were individu-
ally positioned at the bottom of plastic jars, over
which 40 g of green gram seeds were placed.
Twenty insects were introduced into each jar. All
treatments and controls were replicated five times.
Adult mortality was recorded daily for seven days,
and the percentage mortality was calculated. LD
values were subsequently estimated based on the
observed mortality data.

Biochemical assay

Bioassay of Protein by Folin- Lowry’s method (1951)
and Glycogen by Dubois method (1956) were con-
ducted on both control and insects, treated with sub-
lethal doses of S. foetida

Preliminary phytochemical analysis: The flower
extracts were screened for the presence of 9
bioactive components according to the protocol dis-
cussed by Leeja et al., (2020).

Tests for alkaloids: Dragendorff’s test: In a test
tube, 1 ml of each sample solution was taken, and a
few drops of Dragendorff’s reagent (potassium bis-
muth iodide solution) were added. The formation of
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an orange-red precipitate confirmed the presence of
alkaloids.
Tests for tannins and phenolic compounds: Ferric
chloride test: In a test tube, three drops of 5% ferric
chloride solution were mixed with five drops of the
sample solution, resulting in the formation of a dark
green or brown precipitate.

Test for steroids and triterpenoids

Acetic anhydride test: Three drops of acetic anhy-
dride were added to the sample solution and
heated. After boiling, the mixture was cooled, and
concentrated sulfuric acid was carefully added
along the sides of the test tube. A brown ring formed
at the junction. A green coloration in the upper layer
confirmed the presence of steroids, while a deep red
color in the lower layer indicated triterpenoids.
Salkowski Test: To 1 ml of the sample solution, a
few drops of chloroform were added, followed by
the careful addition of concentrated sulfuric acid
along the walls of the test tube. The appearance of a
reddish-brown layer at the interface signified the
presence of steroids and triterpenoids.

Tests for flavonoids: NaOH test: To 1 ml of the
sample solution, 3 ml of dilute sodium hydroxide
was added, resulting in the formation of a yellow
precipitate. The disappearance of the yellow color
upon adding dilute hydrochloric acid confirmed the
presence of flavonoids.

Lead Acetate Test

One milliliter of lead acetate solution was added to
the sample solution, producing a white, turbid pre-
cipitate, which indicated the presence of flavonoids.

Test for coumarins: FeCl3 test: To 1 ml of the
sample placed in a test tube, 1 ml of ferric chloride
solution was added. The development of a dark
green color that changed to yellow after adding five
drops of concentrated nitric acid indicated the pres-
ence of coumarins.
Test for cardiac glycosides: Keller Killani test: To
5 ml of the extract in a test tube, 2 ml of acetic acid
was added, followed by a drop of ferric chloride
solution and 1 ml of concentrated sulfuric acid. The
formation of a brown ring confirmed the presence of
cardiac glycosides.

Test for tannins: Potassium dichromate test: A few
drops of strong potassium dichromate solution were
added to the sample. The formation of a yellow pre-

cipitate confirmed the presence of tannins.
Lead Acetate Test: To the sample solution, 1 ml of
lead acetate was added. The appearance of a yellow
precipitate indicated the presence of tannins.
Test for saponins: Froth test: To 1 ml of the sample
solution in a test tube, 2 ml of distilled water was
added and the mixture was shaken thoroughly. The
formation of froth upon shaking indicated the pres-
ence of saponins.
Test for quinones: A small quantity of the extract
was mixed with concentrated hydrochloric acid, and
the appearance of a yellow precipitate was noted.

Statistical analysis of data

The data obtained are recorded as mean± standard
deviation. For testing the significance of the data
obtained, statistical analysis was carried out using
LD 50 calculator -AAT Bioquest and Excel
Worksheet

Fig. 1.  Sterculiafoetida Fig. 2. Dried flowers

Fig. 3. Dried and powdered
flower of Sfoetida

Fig. 4. Methanolic ex-
tract of flowers of
S.foetida

Results

Effect of plant extracts on mortality of insects

The total number of adult insects surviving after the
treatment was recorded for seven days consecu-
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tively. The percentage mortality was then calcu-
lated. Both aqueous and methanolic extracts of S.
foetida caused significant mortality in C. chinensis
adults; however, mortality was markedly higher in
the methanolic extract treatments. No mortality was
seen in the controlgroup (Table 1). The efficacy of
the extracts was dose-dependent. Among the con-
centrations tested, higher doses exhibited signifi-
cantly greater toxicity to C. chinensis than the lower
doses Based on the mortality data obtained across
treatments, LD values were calculated for both ex-
tracts (Table 2).

Effect of plant extracts on biomolecules of insects.

After extract exposure, Total body protein and Gly-
cogen content of the treated adult insects decreased
when compared to the control insects (Table 3).

Fig. 5b. Phytochemical analysis of methanolic extract of
the flowers of S. foetida

Fig. 5a. Phytochemical analysis of Aqueous extract of the
flowers of S.foetida

Table 1. Effect of plant extracts on mortality of insects

Dose % Mortality %
S. foetida (L)

Aqueous Extract Methanol extract

0.5 % 42±0.03 46±0.01
1 % 48±0.01 59±0.03
1.5 % 56±0.03 73±0.02
2 % 78±0.02 88±0.02
2.5 % 89±0.02 96±0.01

All values are mean ±S.E of five replicates and significant
at p 0.05 level of significance

Fig. 6. Effect of plant extracts on mortality of insects

Table 2. LD 50 of different extracts of S. foetida on C.
chinensis

Plant Extracts LD 50 (%)

S. foetida (L) Aqueous 1.24
Methanol 0.86

Table 3. Effect of aqueous and methanoic extracts of the
flowers of S. foetida(L) on total body protein and
glycogen of C.chinensis

Parameters S. foetida
Control Aqueous Methanol

Total Body 9.25±0.03 7.32±0.01 6.46±0.02
Protein

Glycogen 10.38±0.01 8.41±0.02 7.36±0.01

Amount is expressed in µg/mg of tissue. All values are
mean ±S.E of five replicates and significant at p 0.05
level of significance

Phytochemical Profile of the Flower extracts

The phytochemical profile of the aqueous and
methanoic extracts of the flowers of S. foetida (L) is
summarized in Table 4. The results revealed the
presence of 7 bioactive components in the aqueous
extract and 8 bioactive components in the
methanolic extracts. The detected bioactive phyto-
chemicals in aqueous flower extracts of S. foetida (L.)
included alkaloids, steroids and terpenoides, fla-
vonoids, coumarins, cardiac glycosides , saponins,
and quinones. Methanolic extracts of S. foetida (L).
included alkaloids, tannins, phenols, steroids and
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terpenoides, flavonoids, coumarins, cardiac glyco-
sides and saponins.

Discussion

In the present study, it was found that both aqueous
and Methanol extracts of selected plants-S.foetida
had toxic effect against C. chinensis Linn. Significant
mortality of the insect pest was observed in a dose
dependent manner Phytochemicals often act as
feeding deterrents at lower concentrations but can
induce complete mortality when applied at higher
doses, as many plant secondary metabolites are ca-
pable of disrupting key physiological processes in
insects. Reports show that deterrent effects of plant
compounds are concentration dependant and may
lead to complete mortality at high concentration
(Jermy, 1990). The toxicity was possibly caused by
the bioactive compounds present in the leaves of the
selected plants. Many of these compounds are insect
repellents or act to alter insect feeding behavior,
growth and development, ecdysis and behaviour
during mating and ovi position (Duke, 1990; Alam et
al., 2021; Seni et al., 2025).

In the present study, insects treated with the
methanolic extract of S. foetida showed a much
greater reduction in total body glycogen compared
to untreated controls, which likely results from the
metabolic stress imposed by the bioactive com-
pounds in the extract. Such stress can force insects to
mobilize their carbohydrate reserves to meet in-
creased energy demands under intoxication. Deple-
tion of glycogen under chemical or physiological
stress is consistent with findings in other insects,
where exposure to stressors often triggers activation
of energy-sensing pathways such as AMP -activated
protein kinase, which modulate glucose homeosta-

sis by regulating glycogen synthesis and break-
down, leading to rapid mobilization of energy re-
serves during stress (Zhang et al., 2022).

Similarly, the marked decrease in total body pro-
tein in methanol-extract treated insects suggests a
disruption in protein homeostasis. This could be due
to enhanced proteolysis or reduced synthesis, as in-
sects may degrade proteins to obtain amino acids for
detoxification enzymes or for energy production in
the tricarboxylic acid cycle. Continuous exposure to
insecticides or toxic stress can impose significant fit-
ness costs on insects, including reduced reproduc-
tive output impaired growth, and disruptions in
metabolic functions (Gul et al., 2023). Furthermore,
studies on stored-product pests show that plant-de-
rived compounds can deplete primary energy re-
serves like proteins and carbohydrates as part of
their mode of action. A recent investigation on bo-
tanical powders used against Sitophilus oryzae dem-
onstrated significant decrease in protein and carbo-
hydrate contents in treated insects, likely reflecting
metabolic reallocation in response to stress
(Hamama et al., 2025)

In our study, preliminary phytochemical screen-
ing of the aqueous and methanolic extracts of Stercu-
lia foetida revealed a rich array of secondary metabo-
lites, including alkaloids, tannins, steroids, terpe-
noids, flavonoids, coumarins, cardiac glycosides,
saponins, and quinones. Such a complex chemical
profile is consistent with recent detailed analyses,
which have identified similar compounds in S.
foetida seed extracts via GC-MS and spectroscopic
methods (Karuppusamy et al., 2021). Saponins are
widely recognized for their potent insecticidal and
membrane-disrupting properties. In various stored-
product pests, saponins exhibit strong bioactivity by
interacting with cell membranes or binding to ste-
rols, thereby impairing cellular integrity and normal
physiological function. Their surfactant-like nature
can induce cytolysis and disrupt gut epithelial tis-
sues in insects, ultimately contributing to mortality
(Hassani et al., 2024). Phenolic compounds have
strong antimicrobial properties and can inhibit mi-
crobial growth through oxidative damage and mem-
brane-disrupting mechanisms (Savoia, 2012).

Flavonoids are multifunctional secondary me-
tabolites, and a recent review highlighted their roles
as feeding deterrents, oviposition modifiers, and
even potent insecticidal agents, depending on the
insect species and concentration involved (Rai et al.,
2024). Alkaloids play an important role in insect

Table 4. Phyto-chemical Profile of the Flower extracts of
S. foetida

Secondary metabolites Crude Methanolic
extract  extract

Alkaloids + +
Tannins - +
Phenolic compounds - +
SteroidsandTerpenoides + +
Flavanoids + +
Coumarins + +
CardiacGlycosides + +
Saponins + +
Quinones + -
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defense. These nitrogenous secondary metabolites
often interfere with neurophysiological processes,
leading to toxicity, growth inhibition, or develop-
mental delays in insects. (González-Burgos and
Gómez-Serranillos, 2016). Steroids and terpenoids
present in S. foetida may also contribute to its insec-
ticidal activity. These compounds can interfere with
insect endocrine regulation by disrupting
ecdysteroid or juvenile hormone pathways, thereby
impairing molting, growth, and reproductive pro-
cesses (Musa et al., 2024). Coumarins and quinones
have also been implicated in insecticidal activity.
Quinones can induce the formation of reactive oxy-
gen species, leading to oxidative stress and subse-
quent cellular damage in insect tissues. This oxida-
tive disruption can impair vital physiological pro-
cesses, contributing to mortality or significant sub-
lethal effects in exposed insects. (Kim et al., 2023)

The phytochemical richness of S. foetida provides
multiple biochemical modes of action like mem-
brane disruption, metabolic interference and hor-
monal disruption which collectively explain the
strong toxicity observed in C. chinensis. The presence
of these potent secondary metabolites supports the
potential of S.foetida as an effective botanical insec-
ticide for managing stored-product pests.

Conclusion

The present study confirms that aqueous and
methanolic flower extracts of S. foetida (L.) exhibit
strong pesticidal activity against the pulse beetle, C.
chinensis (L.). Both extracts caused significant adult
mortality, reduced total body protein and glycogen
levels, and revealed the presence of multiple
bioactive phytochemicals responsible for these ef-
fects. The absence of mortality in the control group
and the demonstrated metabolic disruption in
treated insects highlight the effectiveness of these
botanical extracts. These findings suggest that S.
foetida flower extracts can serve as promising, eco-
friendly alternatives to synthetic pesticides for the
sustainable management of stored-grain pests. Fur-
ther field studies and formulation improvements are
recommended to validate their large-scale applica-
bility.
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