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ABSTRACT

The present study evaluates the insecticidal activity of two essential Oil (EOs) mint (Mentha arvensis),
and ajwain (Carum capyicum) against pulse beetle (Callosobruchus chinensis) (L). Contact toxicities of
these were evaluated using parameters of lifecycle like total development period, numbers of eggs laid,
adult emergence and adult longevity. Along with these detoxification enzyme inhibition activities of acetyl
cholinesterase (AChE), alkaline phosphatase (ALP), transaminases enzymes- aspartate aminotransferases
(AST) and alanine aminotransferases (ALT) and total protein were estimated. EOs were observed showing
toxicity (mint LC,, = 5.9 pul/ ml and ajwain LC_= 7.02 ul/ ml). Exposure of EOs altered the lifecycle
parameters significantly (p<0.01). The detoxification enzyme inhibition activities were also significant
(p<0.01). Thus, it is concluded that these EOs can be recommended as safe and ecofriendly alternatives.
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India is one of the leading producers of food in
the world and it produces more than a billion tonnes
of agricultural product. 58% of India’s population
is dependent on agriculture as its primary source of
livelihood. In India, advancement of technology has
increased the production of grains; however, improper
storage has resulted in huge loss and has been reported
to be around INR 926 billion loss annually (Singh and
Khanna, 2019; Sirohi et al., 2021). Infestation of stored
grain by many insects, mite and fungi degrade the
quality and quantity of grains (Lal et al., 2017; Jerbi et
al., 2021). The total productivity of agricultural crops
of India is 3 tonnes/ha; out of which loss due to insect
pestis about 26 % (Lal et al., 2017), like the lesser grain
borer, R. dominica’s larva and adult infests the grains
and declines its quality (Jerbi et al., 2021). Rice pest S.
oryzae, causes qualitative and quantitative loss (Saad et
al., 2018). C. chinensis amajor pest of stored pulses and
is reported to cause 32-64% loss under storage condition
(Femeena et al., 2018). After discovery of DDT, Insect
pests are mainly controlled by synthetic pesticides (Lal
et al., 2017; Demeter et al., 2021). WHO has reported
that every year two lakhs people die due to pesticide
poisoning owing to its carcinogenic and teratogenic
properties (Sarwar, 2016). Use of synthetic pesticide
is a easy and quick solution for controlling insect pests
but pose a potential risk not only to humans but also to
the environment as their residues have been reported

to be present in soil, air and water (Said and Pashte.,
2015; Lal et al., 2017). The repeated uses of synthetic
insecticide for decades has disrupted biological control
by natural enemies and has led to outbreaks of other
insect species and at times have resulted in resistance
of pesticides in insect pest (Hill et al., 2017; Hawkins et
al., 2019). Hence, there is need for alternative solution
which environment friendly does not harm other non-
target species. Plants and their derivatives have been
proved to be a viable alternative as more than 2000
plant species have been recorded to possess insecticidal
properties and possess low health risks (Pavela, 2016;
Jerbietal.,2021). EOs are naturally produced by plants
as secondary compounds which are volatile, but as
natural products protects the stored grains from pest
attack (Omar, 2020). EOs has multiple components
mixture and causes toxicity by interfering with various
aspects of insect’s physiology and biochemistry (Kiran
et al., 2017). Present work evaluates the insecticidal
potential of the two EOs M. arvensis and C. capyicum
against C. chinensis (pulse beetle) adults.

MATERIAL AND METHODS

The adult insects were collected from the infested
grains from the granary and were reared on 500 g
green gram (variety - Sabarmati PS 16) maintained in
laboratory at Department of Zoology, The Maharaja
Sayajirao University of Baroda. A culture of C. chinensis



230  Indian Journal of Entomology 85(1) 2023

was maintained on green grams, the legume seeds
were washed with hot water to remove any pesticide
residues, dried under sun to eliminate any infestation.
These seeds were stored in air tight plastic container
until required for experiments, which were carried out
at a constant temperature of 28+ 2°C, relative humidity
70+ 5% at 16:8 light: dark photoperiod (Bhumi et al.,
2017). Morphological Identification of insect pest was
done by using standard keys (Raina, 1970).

C. chinensis were categorized into two groups:
Group I: Control (Acetone treated). Group II: EOs
exposed test group, which were again subdivided
into Low dose (LD) and High dose (HD) following
the standard toxicological guidelines of OECD. To
determine the lethal concentration (LC, ) value of EOs,
serial dilutions (0.1, 0.15,0.2,0.25, 0.3, 0.35,0.4, 0.45,
0.5,1,1.5,2,and 2.5) ul/ml in acetone as solvent were
prepared. 1 ml of each concentration was uniformly
applied a glass petridish of diameter 15c¢m x 2cm; after
evaporation of acetone (10 minutes), 10 pairs of adult
were placed in each petridish. Same procedure was
used for the control treated with acetone. Mortality was
recorded after interval of every 24 hours till 96 hours.
(Bhumi et al., 2017). After obtaining LC, value, 10
pairs of adult C. chinensis in 50gms of green grams
were exposed to the LD and HD of mint and ajwain for
seven days on and on the eight day they were sacrificed
and tissue were pooled for the further analysis. The
green grams with the eggs were separated and on
every 24hrs interval eggs were observed for the egg
incubation period, larval development period, pupation
period. Day of adult emergence was recorded followed
by total number of adult emerges and longevity of the
emerged adults.

For performing biochemical assays, homogenate
was prepared for which individual adult insects were
separately weight & homogenized in 10 volumes (w/v)
ofiice cold 0.1 M phosphate buffer (pH 7.2 - AChE, AST
and ALT and total protein) and for ALP the homogenate
was made at 9.8 pH using glass homogenizer.
Homogenates were centrifuged at 5000 rpm for 30
min at 4°C. The obtained supernants were divided into
small portion & stored at -20°C. Ache Activity was
determined according to Ellman et al. (1961), specific
activity was expressed as mmol/ml/min. Alkaline
Phosphatase Activity was determined according to
Klin (1972), specific activity was expressed as [U/ L.
Transaminases Activity was determined according to
Reitman and Frankel (1957), specific activities were
expressed as [U/ L. Total soluble protein was determined
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calorimetrically according to the method of Lowry et
al. (1951) by using bovine serum albumin (BSA) as a
standard. Total protein expressed as g/ dl. The difference
in the life cycle parameters and detoxification enzyme
activities of control and test groups were determined by
One-Way ANOVA using Graph pad Prism software v.8.

RESULTS AND DISCUSSION

The results revealed that the LC, value of the EOs
of mint is 5.9 ul/ ml and that of ajwain is 7.02 pl/ ml;
1/5"and 1/ 20™ concentration were selected as low dose
and high dose from the obtained LC, with the pulse
beetle Callosbruchus chinensis; other values were-
(M) LD (0.29 pl/ ml) and (M) HD (1.18 pl/ ml) while
(A) LD (0.35 ul/ ml) and (A) HD (1.40 pl/ ml). A dose
dependent variation was observed in the parameters
of lifecycle- significant reduction in eggs laid, adult
emergence and adult longevity was observed (p<0.01).
High dose of ajwain gave more significant alteration
compared to mint (Fig.1). Campolo et al. (2018)
suggested that application of EOs act as oviposition
deterrent, and impacts the overall lifecycle. Perez
et al. (2010) reported a dose dependent mortality on
exposure of A. inulifolium oil to S. granarius. A dose
dependent alteration in the enzyme activities of AChE,
ALP, AST and ALT was also observed. Both the EOs
significantly inhibited the enzyme activities compared
to control (p<0.01) (Fig. 2). Similar effect was also
noticed with total protein. Thymol, a terpenoid is major
constituent of ajwain oil (67.4%) and is reported to
have an insecticidal effect due to its aromatic ring and
hydroxyl group (Vitali etal.,2016). Singla etal. (2018),
opined that the conversion of thymol to thymyl acetate
and thymyl phenylether inhibits the enzyme activity.
Fumigant action of thymol results into interdicting
plasma membrane lipids altering the membrane
potential leading to loss of metabolites and ions from
the cells (Chaudhari et al., 2021). Main constituents of
mint oil have been well explored (Vendan et al., 2017),
and menthol, a volatile molecule had been shown to
possess fumigant and repellency properties against C.
maculatus and Sitophilus oryzae (Vendan et al., 2017,
Saeidi et al., 2017)

In inhibition of the AChE activities observed now
in in accordance with previous work on M. piperita
EOs compounds, against S. oryzae and T. castaneum
(Rajkumar et al., 2019). EOs from cumin and basil
have been reported to inhibit the ALP activity in S.
oryzae (Omar, 2020). In the present study, a significant
reduction in the ALP at high dose of ajwain was
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Fig. 1. Effect of EOs on adult emergence, longevity, eggs laid and development period *(p<0.05); ** (p<0.01)
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Fig. 2. Inhibitory effects of EOs on the enzymes- AChE, ALP, AST, ALT and total protein *(p<0.05); ** (p<0.01)

observed. It is probably due to reduction of phosphorous
liberated for energy metabolism, decreased rate of
metabolism, as well as decreased rate of transport of
metabolites (El-Gizawy et al., 2019; Omar, 2020). ALT
as well as AST both serves as a strategic link between
the carbohydrates and protein metabolism known to be
altered during various physiological and pathological
conditions (Tawfeek et al., 2021) Various EOs have
been reported to alter AST and ALT activities (Shahriari

et al., 2017; Kisa et al., 2018; Hashem et al., 2020).
The intrinsic properties of EOs interfere with basic
metabolic, biochemical, and physiological functions of
insect pests. The two EOs evaluated cause significant
decrease in total protein content which may be attributed
to reduced protein synthesis and low uptake of amino
acids (Omar et al., 2020). Ayalew (2020) and Tawfeek
et al. (2021) also observed a decrease in total protein
content in S. oryzae. Thus, it can be concluded that mint
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and ajwain EOs can be recommended as ecofriendly
alternatives.
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