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Sub-lethal activity of Citrus limon plant essential oils against stored-grain
insect pests Sitotroga cerealella (Olivier)

Abstract- Plant products in form of essential oils may serve as suitable alternatives to synthetic pesticides for repellent and
antifeedant activity. In the present investigation Citrus limon leaf and peels oil were used for insecticidal activity. The maximum
percent repellency (PR) was recorded 100% at 16µl of C. limon leaf and peel essential oil respectively against stored-grain
insect pests Sitotroga cerealella. The consumption by third instar larva was significantly reduced to 68.12% and 59.64% of the
control against C. limon leaf and peel oil respectively. These studies showed strong insecticidal activity of both essential oils
and its potential role as a fumigant against S. cerealella for future as they are relatively safe, inexpensive, and are readily
available in many parts of the world.
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INTRODUCTION

In India, agriculture is one of the most important
sectors of the economy. About half of the country’s
population depends on agriculture as its principal source
of income. However, various insect pests pose significant
challenges to wheat production, particularly in storage
conditions. These pests not only damage the quality of
stored grains but also reduce their quantity with the waste
materials they produce.1,2 Wheat (Triticum aestivum L.) is
a crucial cereal crop that provides a primary food source
for billions of people around the world.3 It has been
estimated that India experiences annual storage losses of
around 14 million tonnes of food grains, which translate
to a financial loss of approximately $16 billion each year.
Out of this staggering amount, losses attributed specifically
to insect pests account for about $300 million.
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One of the most significant pests affecting stored
grains is Sitotroga cerealella (Olivier), commonly known
as the Angoumois grain moth. This pest is particularly
reported in Asian countries where traditional storage
structures are commonly used.4,5 Due to damage of stored-
grain pest by stored insect pests in large scale last three
decades, there is an urgent need to develop effective
management strategies to minimize losses and ensure food
security.

The use of synthetic insecticides for pest control in
stored products has been a staple practice globally;
however, this approach has led to significant environmental
issues and the emergence of pest resistance,6-8 conventional
pesticides can inadvertently create long-term challenges
that compromise ecological balance and agricultural
sustainability.

As a response to these pressing challenges, there is a
growing imperative to explore alternatives to chemical
pesticides that are both effective and environmentally
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friendly. Botanical insecticides, derived from plant extracts,
are showing good alternative in this regard. Research has
indicated that these natural products can serve as effective
fumigants with notable insecticidal properties, offering
sufficient control against pest infestations without the
negative ramifications associated with synthetic
chemicals.9,10

The advantages of botanical insecticides are manifold:
they often exhibit lower toxicity to non-target organisms,
biodegradable, and have the potential for rapid degradation
in the environment, thereby minimizing ecological
disruption. Furthermore, their accessibility and
sustainability make them appealing options for pest
management.

The lemon (Citrus limon), belonging to Rutaceae
family, an evergreen tree is native of Asia found mainly in
northerner area like Assam Myanmar and China. Citrus
peels have several antioxidant components which have been
known to have a variety of biological activities reported
by different workers.11,12

In the present study, essential oil from Citrus limon
(Family: Rutaceae) leaves and peel was extracted and
evaluated to investigate their repellent and antifeedant
activities on Sitotroga cerealella.

MATERIAL & METHODS

Plant Collection
Leaf and peels of C. limon were collected from the

local area of Madhepura district, Bihar. The collected plant
materials were air-dried at room temperature (20-25°C) for
one week for extraction of essential oils.
Extraction of essential oils

The air-dried leaf and peels were grounded in mixer
and subjected to hydrodistillation in 1L of distilled water
in a Clevenger-type apparatus for 4 h. The essential oil
was collected and dried over anhydrous sodium sulphate
and stored in sealed Eppendorf tubes at 4-5°C for the further
experimental works.
Insects rearing

The rice moth, S. cerealella was reared in the
laboratory in glass jar (30 cm height, 20 cm diameter).
Insects were fed crushed rice grain mixed with 5%(w/w)
and kept in a rearing room at a temperature of 28±1ºC, a
relative humidity of 65±5% and a photoperiod of 12 h light:
12 h dark. Newly emerged adults (2-3 days old) were used
in the bioassays.

Repellent Activity
Repellency assay was carried out in a Y-shaped glass

tube (each arm with diameter of 2 cm and 10 cm length).
Five grams of crushed rice mixed with different
concentrations of C. limon leaf/peels oils was placed in
one of the paired arms of the Y-tube (experimental arm)
and the other arm contained only crushed rice (control arm).
Twenty adult individuals of S. cerealella were released
through the median arm of the Y-tube. The open ends of
the tube were plugged with cotton wool and the
experimental set up was left for three hours. After
completion of the three hours, number of insects present
in the experimental, control and median arms was counted.
Each concentration was replicated six times.

Percent repellency (PR) was calculated using formula:
PR = [(N

UT
 – N

T
/ N

UT
+N

T
] 100

Where, N
UT = number of insects in control arm and

N
T = number of insects in experimental arm.

Antifeedant activity
Antifeedant activity of C. limon leaf and peels oils

was tested in S. cerealella larvae. For this assay, food was
prepared by crushing 10 gm of rice grains and mixing 5%
(w/w) yeast powder in it. Now, food was mixed thoroughly
with 0.3µl/gm, 0.6µl/gm and 1.2µl/gm C. limon leaf and
peels essential oils. Now ten 3rd instar S. cerealella larvae
were placed on Whatman filter paper No. 1 and then placed
at the bottom of glass petridish (10 cm in diameter and 1.0
cm in height). Now, 10 gm of food prepared was spread
around the larvae, cover the petri dish and kept in laboratory
conditions applied for insect rearing. After the end of the
larval life, antifeedant activity was calculated using:-

AFA = [C-T/C] × 100
where, C = consumption of food in control group,

and T = consumption of food in treated group.
Data analysis

Correlation and linear regression analysis were
conducted to define all concentration-response
relationships.13 Analysis of variance was performed to test
the equality of regression coefficient.13

Repellency
Results of repellency assay indicated that essential

oils of C. limon leaf and peel were repellent to S. cerealella
adults. The percent repellency (PR) was recorded 36.33,
55.33, 98.25 and 100%, and 27.33, 51.66, 89.28 and 100%
at 2, 4, 8 and 16µl of C. limon leaf and peel essential oil
respectively (Table-1).
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Antifeedant activity
C. limon leaf and peel oils reduced the consumption

of food by S. cerealella as antifeedant activity was found
to increase with increase in oil concentration. Consumption
by third instar larva was significantly reduced to 68.12,

41.99 and 21.06%, and 59.64, 38.57 and 17.23% of the
control at 0.3, 0.6 and 1.2 µl/gm of C. limon leaf and peel
oil respectively (For C. limon leaf oil F = 111.30; and for
C. limon peel oil F = 134.04; P<0.01; Table 2).

Concentration 
(vol:vol) 

Leaf oil Peel oil 
Mean % of insect 

treated ±SE 
(PI) Preference 

Index** 
Mean % of insect 

treated ±SE 
(PI) Preference 

Index** 
2 36.33±1.12 -0.36 27.33±0.76 -0.27 
4 52.33±2.54 -0.52 51.66±2.11 -0.51 
8 98.25±2.71 0.98 89.28±2.96 -0.89 

16 100±0.00 -0.10 100±0.00 -0.10 

Table 1: Repellent activity of Citrus limon leaf and peels essential oils against stored grain insect pest Sitotroga cerealella

Oil Concentration 
(µl/gm) 

Food consumed (gm) 
(Mean±SE) 

AFA F-value** 
(df=3,20) 

Control - 7.31±0.23 (100) - - 
C. limon leaf 0.3 4.98±0.24 (68.12) 31.87 111.30 

0.6 3.07±0.13 (41.99) 58.00 
1.2 1.54±0.12 (21.06) 78.93 

C. limon peel 0.3 4.36±0.27 (59.64) 40.35 134.04 
0.6 2.82±0.16 (38.57) 61.42 
1.2 1.26±0.11 (17.23) 82.76 

Percent repellency (PR) was calculated using formula: PR = [(N
UT

 – N
T
/ N

UT
+N

T
] 100, where N

UT = number of insects in
control arm and N

T = number of insects in experimental arm.

Table 2: Effect of C. limon leaf and peel essential oils on food consumption by of S. cerealella

Six replicates were set for each concentration of essential oil and control
Values in parentheses indicate per cent change with respect to control taken as 100%
Antifeedant activity (AFA) = [C-T/C] × 100
Where, C = consumption of flour disc in control group, and T = consumption of flour disc in treated group
**Significant at P<0.01

DISCUSSION

The use of botanical products, particularly essential
oils, as natural pesticides is gaining attention due to their
significant activity against management of insect pests,
especially in the realm of stored product protection and
integrated pest management. Numerous studies have
highlighted the insecticidal capabilities of various plants
products as natural pesticides in form of essential oils.14-17

In the present study, essential oil extracted from the
leaves and peels of C. limon showed significant insecticidal
properties along with repellent and antifeedant effects. This
translates to reduced damage inflicted by pests, specifically
noted from observations of the consumption of flour disks
by larvae of S. cerealella. Similar findings have been
reported for essential oils from other plant species such as
Schinus molle, Alpinia conchigera, Zingiber zerumbet, and
Curcuma zedoaria, in relation to pests like Tribolium
castaneum and Sitophilus oryzae.18-21

The repellent and anti-feeding actions of these
essential oils can largely be attributed to their volatile
nature, which results in relatively short persistence in the
environment. Moreover, many essential oils exhibit
neurotoxic effects on insect pests. Studies illustrate that
these oils disrupt normal neurological functions by
interfering with critical neuromodulators like octopamine
and GABA (gamma-aminobutyric acid), ultimately
impairing the insect’s nervous system.22,23 This neurotoxic
mechanism reinforces the viability of using essential oils
as a sustainable and eco-friendly means of pest control
while minimizing the reliance on synthetic chemicals.

The findings by Ebadollahi et al. (2022)24 suggest
that essential oils derived from the leaves and bark of
Cinnamomum tamala effectively reduce the activities of
amylase and protease enzymes, which are crucial for the
digestion and metabolism of nutrients in organisms such
as the larvae of insects. Furthermore, these oils seem to

Kumari & Kumar- Sub-lethal activity of Citrus limon plant essential oils against stored-grain insect pests Sitotroga cerealella
(Olivier)
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lower key indicators of larval feeding behavior, including
the consumption index, relative consumption rate, and
relative growth rate. This reduction in feeding activity
highlights the potential of C. limon essential oils to
minimize the damage caused by these pests on stored
grains, ultimately leading to decreased quantitative and
qualitative losses.

The damaged grains often suffer from microbial
contamination, leading to deterioration, as well as a decline
in essential nutrients like protein and carbohydrates.
Therefore, utilizing C. limon essential oils not only assists
in pest management but also helps maintain the quality of
stored grains.

In summary, the essential oils obtained from the leaves
and bark of C. limon exhibit repellent and antifeedant
properties against S. cerealella. The oil is botanical in origin
and are components of the human diet, their application in
insecticide formulations is considered safe for human
exposure. Moreover, their high fumigant activity indicates
a lower risk of environmental persistence, reducing
potential residual effects. Thus, the essential oils from C.
limon can be developed into eco-friendly insecticide
formulations based on volatile organic compounds,
providing an effective and sustainable alternative for pest
control.
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