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Objectives: Pesticides are harmful to nature and therefore they are considered to be poisonous to the
world. They have adverse effects on human health that include acute toxicity, cancer and endocrine sys-
tems, etc. Plants are a good alternative natural source for considering the negative impacts of conven-
tional pesticides. Plant extracts are traditionally used to manage the insects.
Methods: In the present study, the crude leaf extract of Solanum torvum (Sw.) was investigated for their
preliminary phytochemical screening and their ability to protect the stored green grams from
Callosobruchus maculatus (F.) adult infestation. The Solanum torvum (Sw.) ethyl acetate leaf extract was
exhibited strong contact toxicity and repellent activity against Callosobruchus maculatus (F.) adult. The
toxicity was significantly improved while extended treatment times and concentrations of Solanum tor-
vum (Sw.).
Results: The mean percentage of ethyl acetate leaf extract repellent value was reached 82% at the dose of
1500 ppm/cm2 after 1 h, followed by methanol (52%) and hexane (28%) leaf extract. The mortality was
reached over the ethyl acetate leaf extract nearly 98% at the dose of 900 mg/cm2 after 72 h, followed
by methanol (70%) and hexane (48%) leaf extract. Contact toxicity value of Solanum torvum (Sw.) leaf
extract LC50 at 72 h interval was observed at 393.271 mg/mL, 632.338 mg/mL and 894.333 mg/mL for ethyl
acetate, methanolic and hexane extract respectively against Callosobruchus maculatus (F.) adult.
Conclusion: Thus the present study, Solanum torvum (Sw.) leaf extract could be useful for integrated pest
management of Callosobruchus maculatus (F.) adult. The ethyl acetate leaf extract was shown good repel-
lent and contact toxicity effect, followed by methanol and hexane extract. This method of natural plant
extract can be used to control pests, alternate against the chemical insecticide.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The growing population of the world requires large quantities of
food. Cultivated grains are the most common food for human. The
stored grains become highly susceptible to pests and about one-
third of the world’s grain storage is attacked by pests. Nearly,
10–40% of grains are damaged by stored grain pestsevery year in
developing countries. In the world stored grains, especially, green
gram and black grams are economically damaged by the pulse bee-
tle, Callosobruchus maculatus (Fab.) (Coleoptera: Bruchidae). Their
seeds contain 92% of protein and carbohydrates and 8% of low
levels of calcium, iron, vitamins and carotene (Olufunmilayo,
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2012). Farmers cultivate cowpea grains, even in areas where other
crops and grains are not grown. It helps them to improve their
daily life and life skills (Oluwafemi et al., 2013). Ngamo et al.
(2007) reported that 78% of farmers produce cowpea seeds in
Northern Cameroon. The major cause of grain damages by C. mac-
ulatus, which causes more damages than other pests. It is a com-
mon pest in tropics and subtropics places of the world (Park
et al., 2003). Due to damage of this pest, the world suffers from
malnutrition. People living in poorer tropical countries suffer from
protein deficiency in their daily lives (Oluwafemi et al., 2013).

Stored products, foodstuffs and harvestable crops have an
important concern to prevent this insect. Many techniques prevent
post-harvest losses against pests (Kamanula et al., 2010). Often the
chemical pesticides are used to prevent or control pests in agricul-
tural lands and stored areas. Stored product pests are controlled
usually by methyl bromide and phosphine chemicals, especially
against coleopteran pests (Mueller et al., 1990). These types of
chemical pesticides control the pest and at the same time, many
side effects are appeared directly and indirectly like, ozone deple-
tion, toxicity on non-target species and pest resistance (Okonkwo
and Okoye, 1996). Phosphine fumigant toxicity method is used to
effectively manage the C. maculatus, which kills or poisonous to
human (Garry et al., 1989). Abder-Rahman (1999) was reported
that the aluminium phosphate used in the fumigant toxicity tech-
nique against the stored product insects. This chemical was seri-
ously affected the internal organs of human, such as heart, blood
vessels and lungs.

The pest control board makes a large number of efforts to con-
trol the pests with plant-derived compounds. Therefore, research-
ers are developing newmethods that can have minimal side effects
on the environment and organisms. Their first attempt was to use
the compounds obtained by aromatic plants to control the pests of
stored goods (Nerio et al., 2009). Essential oils of the plant are the
best alternative insect control agent of stored grain pest
(EzhilVendan et al., 2017).

The plant Solanum torvum (Sw.), family Solanaceae was used for
our present research. It can be seen as a small shrub, distributed
widely in India, Malaya, Pakistan, tropical America, Philippines.
Solanum torvum has mainly steroids, saponins, alkaloids, and phe-
nols as a chemical constituent and compounds derived from this
plant can be used to treat variety of diseases. Pharmacological
studies indicated that the stem and root of S. torvum have anti-
microbial, anti- tumour, anti-inflammatory and other activities
(Anonymous, 2000; Haritha et al., 2016). Methanolic extracts of
S. torvum fruits and leaves were reported about their significant
antimicrobial activities against human pathogen (Chah et al.,
2000; Elango et al., 2016). Isoflavonoid sulfate and different steroi-
dal glycosides were isolated from S. torvum fruits, which were used
to antiviral and antioxidant activity (Abas et al., 2006; Glorybai
et al., 2015). Recently, novel protein was isolated from the aqueous
extract of S. torvum seed that has proved to be an effective antiox-
idant activity by Sivapriya and Srinivas (2007). Various parts of
aqueous extract of the plant exhibit potential anti-inflammatory
and analgesic properties (Ndebia et al., 2007; Fowsiya et al.,
2016). Also, traditionally this plant is used for food and medicinal
purposes by the local people to remove intestinal parasitic larvae
and tooth related issues and from exhaustive literature survey,
we couldn’t find any scientific report for the pest control or man-
agement. With this background interesting factors and information
we were adapted this plant Solanum torvum (Sw.) for our research.

In pest management, repellent activity and contact toxic effect of
different organic solvent Solanum torvum leaf extract not been stud-
ied against Callosobruchus maculatus (F.). There is no previous report
worked against stored product insect’s C. maculatus. Hence, the pre-
sent study was undertaken to investigate the contact toxicity and
repellent activity of S. torvum leaf extract against C. maculatus.
2

2. Materials and methods

2.1. Callosobruchus maculatus

Suleiman et al. (2012) methods were adopted with slight
changes of the rearing insect in our research. The laboratory sub-
culture of C. maculatus insects were utilized to set up the experi-
ment from the normally contaminated green gram seeds, which
were gathered from the nearby markets of Thanjavur, Tamilnadu,
India. The spotless green grams (uninfected 300 g) were set in five
plastic containers and reared female and male C. maculatus in every
plastic jar were released. Muslin fabric was used to cover the con-
tainers and wait for five days to permit oviposition of the C. macu-
latus. The subculture of C. maculatus has kept at 28 ± 3 �C &
81 ± 4 �C RH (Relative Humidity). The toxicity study and repellent
activity were done in recently emerged adults.
2.2. Solanum torvum

The wholesome leaves of Solanum torvum (Sw.) were gathered
from the Kovilvenni near to Thanjavur district (2018). It was taxo-
nomically identified and authenticated by Rev Dr. S. John Britto SJ,
Director, The Rapinat Herbarium and Centre for Molecular system-
atic, St. Joseph College (Autonomous), Tiruchirappalli, Tamilnadu,
India. The voucher specimens are deposited at the Rapinat herbar-
ium and the voucher number is ST 004. The leaves were dried and
conceal with airtight container and powdered by blender for the
experimental research.
3. Solvent extraction

The dehydrated S. torvum leaf powdered (5 kg) was extracted
progressively with hexane, ethyl acetate and methanol solvent
(Medox Biotech, India Pvt. Ltd.) in the Soxhlet apparatus. Then,
excess of solvent was removed by a rotary vacuum evaporator
under 60 �C temperature. Finally, the obtained extract (50 g) was
collected and stored at 0 �C for the futuristic purposes.
3.1. Phytochemical screening

The extracts were subjected to analysis for various phytochem-
icals present in the dried leaves of S. torvum. Preliminary phyto-
chemical screening was done by Harborne (1958). The tests were
carried out for the presence and absence of alkaloids, saponins,
tannins, sterols, flavonoids, phenols and anthraquinones. The
chemicals and reagents were used for the above tests were freshly
prepared in our laboratory.
4. Insecticidal activity studies

4.1. Repellent activity

Cosimi et al. (2009) method was adopted for the repellent activ-
ity area preference for the C. maculatus. Different concentration of
methanol, ethyl acetate and hexane extracts of S. torvum (125, 250,
500, 1000 and 1500 ppm/cm2) were used in the experiment. What-
man No. 1 filter paper was cut into two half. One half applied with
different extracts of organic extract in different petri dish and the
other half was treated with methanol as a control treatment. After,
20 min for the evaporation of the solvent in both treated and con-
trol experiments, the well-matured adult C. maculatus (10 Nos)
was released into each extract-treated filter paper fixed petri dish
and then the petri dishes were airtight and closed. After 1, 3, 9, 12
and 24 h, the number of C. maculatus on treated and control por-
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tions of the filter papers were calculated. Five replicates were
maintained for each experiment.

The Repellency test percent (PR) was calculated based on Nerio
et al. (2009) method

PR ¼ Nc � Ntð Þ= Nc þ Ntð Þ½ � � 100

Where Nc = Number of insect on the untreated area (Control)
Nt = Number of insects on treated half (Treatment)
The following classification based on the percent repellency was

categorized by (Julianna and Su, 1983):
Class 0 = 0%–0.1% repellency, Class I = 0.1%–20%, Class II = 20.

1%–40%, Class III = 40.1%–60%, Class IV = 60.1%–80%, Class V = 80.
1%–100%.

4.2. Contact toxicity

Direct contact toxicity approaches were used for the insecticidal
action of leaf extract of S. torvum against the C. maculatus
(Rajashekar and Shivanandappa, 2010). Different concentrations
(0.1, 0.3, 0.5, 0.7, and 0.9 mg/cm2) of 1 ml methanol, ethyl acetate
and hexane extracts were sprayed on filter papers (Whatman No. 1
filter paper) separately and 1 ml methanol was used as control. The
solvent becomes allowed to evaporate for 20 min and 10 unsexed
adults of C. maculatuswere released separately into each petri dish.
The treatments of five replicates of each group were used for this
experiment. Pest mortality was recorded at 24, 48 and 72 h of
exposure.

Abbot’s formula (1925) was used to calculate the mortality rate
of C. maculatus,= Number of dead insects/Total number of
insects � 100

4.3. Data analysis

The Abbot’s (1925) formula was used to calculate the mortality
percentage of C. maculatus. The repeated measures analysis of vari-
ance using the percentage of repellency value at 1 h, 3 h, 6 h, 9 h
12 h, 24 h and contact toxicity mortality rate was calculated for
24 h, 48 h and 72 h of exposure of S. torvum extract against C. mac-
ulatus adults. The LC50 value was calculated using with Graphpad
Prism 9.0.1 software.
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5. Result

In the present study, the analysis of qualitative phytochemical
screening was done in methanol, ethyl acetate and hexane leaves
extract of S. torvum. The presence of alkaloids, saponins, tannins,
sterols, flavonoids phenols and anthraquinones were shown in
Table 1.

Phytochemical constitutes such as alkaloids, saponins, tannins,
sterols, flavonoids phenols and anthraquinones were tested in S.
torvum. In this study, alkaloids, saponins, tannins, sterols, flavo-
noids and phenols were observed in methanol leaf extract except
Table 1
Qualitative Phytochemical Analysis of Different Leave Extract of S. torvum (Sw.).

S. No. phytochemicals Methanol Ethyl Acetate Hexane

1. Alkaloid + + +
2. Saponins + + +
3. Tannins + + –
4. Steroids + + –
5. Flavonoids + + +
6. Phenol + – –
7. Anthraquinones – – –

(+) Presence (�) Absence. Ta
bl
e
2

Re
pe

lle
nc

e
ac
ti
vi
ty

(%
)
of

m
et
ha

no
l,
et
hy

l
ac

D
os

ag
e

pp
m
/c
m

2
Et
h
yl

ac
et
at
e

1
h

3
h

6
h

12
5

40
.0
0
±

0.
63

2
(R

C
II
)

40
.0
0
±

0.
63

2
(R

C
II
)

36
.

0.
7

(R
C

25
0

48
.0
0
±

0.
80

0
(R

C
II
I)

44
.0
0
±

0.
40

0
(R

C
II
I)

44
.

0.
5

(R
C

50
0

60
.0
0
±

0.
63

2
(R

C
II
I)

58
.0
0
±

0.
37

4
(R

C
II
I)

46
.

0.
7

(R
C

10
00

78
.0
0
±

0.
37

4
(R

C
IV

)

64
.0
0
±

0.
24

4
(R

C
IV

)

42
.

0.
6

(R
C

15
00

82
.0
0
±

0.
37

4
(R

C
V
)

68
.0
0
±

0.
20

0
(R

C
IV

)

38
.

0.
3

(R
C

Th
e
ea

ch
da

tu
m

re
pr
es
en

ts
fo
r
fi
ve

re
pl
ic
at

SE
,%

),
ad

u
lt
s
(n

=
50

)
R
C
:
R
ep

el
le
n
cy

.

3



Fig. 1. Repellence activity of S. torvum against C. maculatus at different concentrations (ppm/cm2) with different time interval. (ME) – Methanol, (EA) – Ethyl acetate and (H) –
Hexane.
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anthraquinones. The phenol and anthraquinones were absent in
ethyl acetate leaf extracts and alkaloids, saponins and flavonoids
were found in hexane leaf extracts of S. torvum.
Fig. 2. Repellence activity (%) of (ME) – Methanol, (EA) – Ethyl acetate and (H) –
Hexane leaf extracts of S. torvum against C. maculatus at different concentrations
(ppm/cm2) individual replicate with mean value.

4

6. Repellence test

Table 2 were showed that repellence activity of methanol, ethyl
acetate and hexane extracts of S. torvum. Highest repellency about
(82% in RC V) was achieved at higher concentration (1500 ppm/
cm2) of ethyl acetate extract of S. torvumafter1 h of treatment, fol-
lowed by methanol extract (52% in RC III) and hexane extract (28%
in RC II). Lowest repellency (00% in RC 0) was found in hexane
extract of at the lowest treatment rate (125 ppm/cm2) after 24 h
time intervals. The highest individual repellency activity was
achieved at ethyl acetate extract of S. torvum against stored grain
insect pests C. maculatus (Figs. 1 and 2).

The individual replicate with mean value was showed that
highest repellence activity in ethyl acetate extract at 1 h interval.
The repeated measure analysis of S. torvum against C. maculatus
between various doses of 125, 250, 500, 1000 and 1500 ppm/cm2

after 1, 3, 6, 9, 12 and 24 h respectively were significant at
p < 0.05 level (Table 3).
6.1. Contact toxicity

Highest contact toxicity against C. maculatus was achieved 98%
at higher concentration (900 mg/cm2) of ethyl acetate extract after



Fig. 3. Mortality rate (%) of S. torvum against stored grain insect pests C. maculatus at different concentrations (mg/cm2). (ME) – Methanol, (EA) – Ethyl acetate and (H) –
Hexane.

Table 3
The repellent activity of S. torvum leaf extract repeated measures analysis against C. maculatus of variance exposure treatment.

SS DF MS F (DFn, DFd) P value

Treatment (between columns) 1636 2 818.0 F (1.254, 5.016) = 101.7 P = 0.0001
Individual (between rows) 208.7 4 52.18 F (4, 8) = 6.486 P = 0.0125

Table 4
Mean ± SE of untransformed data are reported in the methanol, ethyl acetate and hexane leaf extract of S. torvum against C. maculatus.

Dosage mg/cm2 Ethyl acetate Methanol Hexane

24 h 48 h 72 h 24 h 48 h 72 h 24 h 48 h 72 h

100 0.000 ± 0.000 14.00 ± 0.244 18.00 ± 0.374 0.000 ± 0.000 0.000 ± 0.000 10.00 ± 00.00 0.000 ± 00.00 0.000 ± 0.000 10.00 ± 0.316
300 18.00 ± 0.200 20.00 ± 0.374 42.00 ± 0.374 10.00 ± 0.316 12.00 ± 0.200 20.00 ± 0.000 10.00 ± 00.00 10.00 ± 0.000 16.00 ± 0.244
500 36.00 ± 0.244 46.00 ± 0.244 54.00 ± 0.400 24.00 ± 0.244 34.00 ± 0.244 34.00 ± 0.4 20.00 ± 0.400 26.00 ± 0.400 24.00 ± 0.224
700 44.00 ± 0.244 62.00 ± 0.200 78.00 ± 0.200 36.00 ± 0.244 46.00 ± 0.244 58.00 ± 0.374 26.00 ± 0.244 32.00 ± 0.200 36.00 ± 0.224
900 50.00 ± 0.316 86.00 ± 0.509 98.00 ± 0.200 44.00 ± 0.244 54.00 ± 0.509 70.00 ± 0.547 30.00 ± 0.509 40.00 ± 0.316 48.00 ± 0.200
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72 h of treatment, followed by 70% at methanol extract of and 48%
at hexane extract of S. torvum. Lowest contact toxicity 00% was
observed inhexane extract at a lowest treatment rate of 100 mg/
cm2 after 48 h time intervals (Table 4).
5

The S. torvum ethyl acetate leaf extracts were expressed
the most toxic contact toxicity effect against C. maculatus
followed by methanol and hexane extract (Fig. 3). LC50 analysis
of the S. torvum ethyl acetate extract was the most effective control



Table 5
LC50 (mg/mL) value of S. torvum extracts against C. maculatus.

LC50 at different time intervals

Plant Extract 24 h 48 h 72 h

Methanol 723.506 ± 47.412 667.291 ± 17.694 632.338 ± 75.128
Ethyl acetate 676.382 ± 18.539 625.381 ± 69.925 393.271 ± 98.484
Hexane – – 894.333 ± 5.0136

Fig. 4. LC50 (mg/mL) value of S. torvum extracts against adult C. maculatus at different concentrations (mg/mL). (ME) – Methanol, (EA) – Ethyl acetate and (H) – Hexane.

Table 6
The contact toxicity of S. torvum extracts repeated measures analysis against C. maculatus.

SS DF MS F (DFn, DFd) P value

Treatment (between columns) 6771 8 846.4 F (1.436, 5.746) = 15.96 P = 0.0058
Individual (between rows) 15,935 4 3984 F (4, 32) = 75.11 P < 0.0001
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agent against C. maculates (LC50 = 393.271 mg/mL) followed by
methanol and hexane extract with respective LC50 values were
632.338 and 894.333 mg/mL (Table 5). When the experiment time
was increased the low concentration of S. torvum extracts were
also showed the good results. Time was the main factor to deter-
mine the mortality rate at C. maculatus was reflected in Fig. 4.
The contact toxicity repeated measures analysis of S. torvum
against C. maculatus variance exposure between the doses of 100,
300, 500, 700 and 900 mg/cm2 after 24, 48 and 24 h respectively
significant at p < 0.05 level (Table 6).
7. Discussion

Number of research articles were supported the plant product is
good for the repellent and contact toxicity study of stored product
insects. The Solanace family plants were most useful for economi-
cally and ecologically important to the world. The important gen-
era Solanum, Lycopersico Capsicum and Nicotiana were affected
various insect pests in lethal and sublethal effects (Szymon et al.,
2016). There is no previous report found for the S. torvum contact
and repellent activity of stored product insects previously, this
plant mostly used for immunomodulatory and nephroprotective
activity.

The aim of the research S. torvum leaf extract was used as
eco friendly manner for the integrated pest management of
C. maculatus. Moreover, the plant compounds are possess the sig-
6

nificant potential insecticide. Which were used to manage the
stored grain pest C. maculatus. The observed result of S. torvum
was provided for the repellent and contact toxicity study and it
could be naturally used pest control for the future.

The ethyl acetate leaf extract of S. torvum was shown the higher
result than other extracts like methanol and hexane. The different
types of stored grain pests a large number of plants extract and
essential oils were used in the ovicidal activity, repellent activity
and contact toxicity study (EzhilVendan et al., 2017). The present
study, the mean percentage of ethyl acetate leaf extract were
showed the highest repellency value reached upto82% at the dose
of 1500 ppm/cm2 after 1 h treatment, followed by methanol (52%)
and hexane (28%) extract.

The present studywas close to Habib-ur-Rehman et al. (2018); who
was used the methanol extract of C. paradise 83.15% of repellency and
it was reached at 15% concentration against T. castaneum. It may be a
little different because of the use of a different plant and insect pest.
The 1415 lg/cm2 at 7 h reached 87% repellency was observed in
methanol extract of turmeric plant and maximum repellencyupto79%
at 1415 lg/cm2 in 5 h after exposure in hexane extract of peacock gin-
ger plant (Dewi et al., 2016). Similarly Sidra-Tul et al. (2017) was
proved that Azadirachta indica expressed 85.33% repellency in 24 h
treatment, 86.67% in 48 h and 93.33% was observed in 72 h exposure.
Nearly 20% Meliaaza dirachwas shown 77.33% repellency at 24 h
experiment, 81.33% at 48 h and 90.67%at 72 h. Pegnum hermala
82.67% repellency was observed at 72 h exposure treatment at 20%
concentration. Emblica officinalis extract expressed 88.66% and Datura
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alba extract 77.58% repellency was observed (Dwivedi et al., 2004).
Mohiuddin et al., (1987) was proved that 75% repellency inMomordica
charantia extract. The repellent method mostly used to control the
pests in packing materials (JianhuaLü, 2015).

In the present study, more over 98% mortality was observed in
S. torvum leaf extract against C. maculatus 72 h treatment. The pre-
sent study was close to 3.5 mg/cm2 concentration of Acorus cala-
musvar, Acorus gramineus rhizome, Foeniculum vulgare fruit,
Angustatus rhizome and Illicium verum fruit extracts in 3 or 4 days
treatment at 90% mortality rate was observed (Kima et al., 2003).
The Cucumis sativus, Tamarindus indica, Azadirachta indica and Psid-
ium guajava hexane extracts at 24, 48 and 72 h after the treatment,
80% mortality was observed in 1571.83 lg/cm2concentration
(Mostafa et al., 2012).

Resistance and contact toxicity studies were showed the most
important result against to stored grain pest. The worldwide aware-
ness on safe environment has led scientists to seek less dangerous or
environmentally friendly alternative pest management practices. In
future, based on this laboratory study, we will be evaluated the pes-
ticide formulation under field condition for the societal purposes.
8. Conclusion

Pesticides are the efficient weapons to manage the insect pests
in crop and food storage fields. Indiscriminate use and ill effects of
synthetic chemical pesticides, alternative natural pesticides are
needed to manage the insect pests in eco-friendly manner. At pre-
sent, alternative strategies and adequate methods are required for
plant based insect pest control. The worldwide awareness on safe
environment has led scientists to seek less dangerous or environ-
ment friendly alternative pest management practices. The mean
percentage of ethyl acetate leaf extract repellent value was reached
82% at the dose of 1500 ppm/cm2 after 1 h and the mortality was
reached over the ethyl acetate leaf extract nearly 98% at the dose of
900 mg/cm2 after 72 h against C. maculatus (F.) adult. Solanum tor-
vum leaf extract could be useful for the integrated pest manage-
ment of C..maculatus; it was used to analysis the repellent and
contact toxicity study. The ethyl acetate leaf extract was shown
good repellent and contact toxicity effect, followed by methanol
and hexane extract. This method of natural plant extract can be
used to control pests, alternate against the chemical insecticide.
Insect pests are the major destroyers causing severe damages to
agricultural food crops and stored food commodities. Based on
the laboratory study results, pesticide formulation will be prepared
and evaluated under field condition and we will be assessed the
effect of active fractionated compound from the Solanum torvum
leaf extract against Callosobruchus maculates.
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