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Abstract
Background and Objective: The continuous use of pesticides in the ecosystem is of great concern, as some of them are highly stable and
impact non-target organisms. The effect was tested of different concentrations of insecticides such as (Deltamethrin and Malathion) and
natural products, Including, lemongrass oil on Fruit Fly (Drosophila melanogaster), to calculate the concentration at which the highest
mortality occurred and death half the number of individuals after 96 hrs, as well as calculating the half-lethal time for individuals.
Materials and Methods: This study, which evaluated the toxicity of five different concentrations (0.75, 1.00, 1.25, 1.50 and 1.75 mg LG1)
of Malathion, (0.05, 0.10, 0.21, 0.53 and 1.48 mg LG1) of Deltamethrin and lemongrass oil (0.25, 0.50, 0.75, 1.00 and 1.50 mg LG1) on
the insect of Drosophila melanogaster after 96 hrs of treatment. Results: From the results of this study, the concentration
(LC50 = 2.938 mg LG1) of Malathion leads to kills half of the individuals, compared to Deltamethrin a higher concentration
(LC50 = 4.8673 mg LG1) that leads to killing half of the individuals. While lemongrass oil the concentration (LC50 = 9.7478 mg LG1) leads to
kills half of individuals. Also, when used Deltamethrin it takes (LT50 = 660.277) hours to kill half of the individuals compared to Malathion,
which takes approximately (LT50 = 321.862) hours to death half of the individuals. But lemongrass oil (LT50 = 819.745) hours to kill half of
the individuals. Conclusion: In conclusion, the lemon plant and its components have excellent potential for being used in the control of

Drosophila melanogaster, which had an effective role in biological control.
Key words: Concentrations, Drosophila melanogaster, insecticides, deltamethrin, malathion, lemongrass oil, longevity, mortality
Citation: Aljedani, D.M., 2021. Effects of some insecticides (deltamethrin and malathion) and lemongrass oil on fruit fly (Drosophila melanogaster).
Pak. J. Biol. Sci., 24: 477-491.
Corresponding Author: Dalal M. Aljedani, Department of Biological Sciences, College of Science, University of Jeddah, Jeddah, Saudi Arabia
Copyright: © 2021 Dalal M. Aljedani. This is an open access article distributed under the terms of the creative commons attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.
Competing Interest: The author has declared that no competing interest exists.
Data Availability: All relevant data are within the paper and its supporting information files.

Pak. J. Biol. Sci., 24 (4): 477-491, 2021
INTRODUCTION

citratus (DC.) Stapf (Poaceae), a species popularly known as

Becoming reducing economic loss due to pests using
pesticides in agriculture imperative, to curtail economic costs
become imperative. So, necessary to use bioindicators using
living organisms becomes the method to be an inexpensive
choice as this is a specific and easy to handle method.
Moreover, pesticides could be accumulated by living
organisms and thus helps to indicate environmental
contamination by pesticides1. In recent years, pesticides
play an important role as they are used to control pests and
diseases2. But, the real problem, that the agricultural pollution
caused by water contamination and other environmental
substrates and the potentially detrimental effects of
insecticide misuse on non-target organisms should never be
underestimated3. Approximately 250,000-370,000 people
around the world die from pesticide toxicity yearly4. Therefore,
Interest is rising in reducing their effect, especially, after
assessing their harmful properties for non-target species, the
prolonged presence of toxic pesticide residues and also the
destructive effects on natural habitats, many pesticides have
been banned5.
But, spraying insecticides (e.g., organophosphates and
pyrethroids) has remained the most rapid and effective
control method6. Amongst many strategies, pyrethroid
insecticides are neurotoxic insecticides usually use for
management and effectiveness of most agricultural pests
toward young instars and adults7. Deltamethrin became one
of the most popular pesticides, it is widely used in the
prevention and control of agricultural pests and even human
insect-borne diseases because of its high activity8. In modern
agriculture, synthetic organophosphate pesticides are also
widely used to control agricultural productivity. Besides,
organophosphate is increasing use due to increased
adaptation and resistance of pest different types in
agriculture9. Including insecticide; Malathion is a wide-ranging
insecticide in the organophosphate family and therefore is
generally been using globally10.
Nevertheless, for those responsible for pest control,
pesticide resistance is an ongoing problem11. Therefore,
because of the growing challenges associated with the
production of insecticide resistance, off-target effects and
environmental contamination, it has become increasingly
important to develop new insecticides with safe and novel
modes of action12. In recent years, biopesticides, some of these
natural plant products and volatile host fruit compounds have
been widely used in plant essential oils and many promising
plant-derived substances have been identified as found in
laboratory studies13,14. Among various species Cymbopogon

"lemongrass", with medicinal properties and is widely used by
people in many countries15. Specifically when studies have
found that insects experience a variety of subtoxic and/or
toxic xenobiotics through pesticides and plant defensive
compounds in their diets16.
In nutrition studies, the fruit fly has also been increasingly
recognized as a model organism, in response to dietary factors
the life span can be systematically calculated in Drosophila17,18.
As both insects have homologous nicotinamide acetylcholine
receptors and share highly conserved innate immune systems,
Drosophila melanogaster is an appropriate organism to model
the effects of pesticides on the innate immune system19.
Furthermore, One of the most useful model systems for
investigating the genetic determination of lifespan has been
Drosophila melanogaster, both by identifying candidate
ageing genes through classical genetic approaches and by
characterizing the contribution of natural genetic variation to
longevity phenotypes, artificial selection responses and
natural selection responses20. To date, D. melanogaster has
been a historically important device for investigating
longevity's genetic basis and will continue to be of importance
as new technologies allow genomic exploration into the
biology of ageing, the usefulness of D. melanogaster is based
on two resources: its powerful genetic instruments as a model
system and a natural ecology that provides substantial genetic
diversity through significant heterogeneity in the setting20.
The first experiments studying the effects of
environmental interventions on lifespan were carried out
at the beginning of the 20th century using the fruit fly
D.
melanogaster21. The longevity of organisms is a
quantitative attribute defined by both environmental and
genetic components; in ageing studies, D. melanogaster is
commonly used as a model organism. The relatively short life
span of Drosophila is 60-90 days, which makes it especially
attractive for life span studies22. In these studies, the ease with
which uncertainty can be added can be demonstrated by the
significant impacts on fly life caused by very minor changes in
diet23.
The variety and quantity of synthetic pesticides used per
hectare are growing worldwide, along with an increase in the
area around treated surfaces24. Important awareness gaps on
environmental fate and unintended consequences of
pesticides currently used, however, impede the understanding
and mitigation of their global influence on ecological
processes25.
Therefore, we studied the importance of using nontargeted insects of which the most famous is the fruit fly
(Drosophila melanogaster) in determining the toxicity of some
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insecticides used in agriculture to a large extent namely

Chemical

insecticides

phosphorodithioate of diethyl mercaptosuccinate).

(Deltamethrin and Malathion) and compare

name:

Malathion;

(O-O-Dimethyl

by-product natural (lemongrass oil) when using sub-lethal
concentrations of studying their effect on the mortality and

Chemical family and property: Organophosphate Insecticide

longevity of insect.
MATERIALS AND METHODS

is an insecticide for the use of organophosphate in a variety of
crops, including fruit, vegetables, nuts, palm trees, field and
non-agricultural field crops.

Study area: The study was carried out at the Department of

Lemongrass oil: Procurement of lemongrass oil the essential

Biology, Entomology Lab, University of Jeddah, Saudi Arabia,
in October, 2020).

oil of lemongrass (Cymbopogon citratus) pure lemongrass oil
100% from amazon15.

Drosophila melanogaster strains: Samples of Drosophila

Period of experiments

melanogaster Meigen, 1930 (Diptera: Drosophilidae) were

Study groups division: The research experiences were divided

captured during 2020 at three sites from Southern Jeddah

into four groups:

governorate. Samples were collected from adults by
C
C

entomological nets in greenhouses with crops of Watermelon,
during the morning continued to the afternoon on fields.
Adult flies were preserved in cartons for preservation reared

C

and transferred laboratory of the biology department of the
University of Jeddah, Saudi Arabia.

C

Experimental materials: Groups of 10 insects have been
placed in a 0.5 L beaker 0.3 L of mineral water and Drosophila

Normally: a not-exposed (control group)
Group exposed to different concentrations of
Deltamethrin (Flotron 2.5% EC)
Group exposed to different concentrations of Malathion
(Malafos 57% EC)
Group to exposed to different concentrations of
lemongrass oil

Determination of the concentrations

food (Watermelon and yeast). Were covered by organza to

Deltamethrin (Flotron 2.5% EC): Based on LC50 levels of

avoid the escape of insects. For each combination of

pesticides, experiment with different concentrations of
deltamethrin (0.05, 0.10, 0.21 and 0.53 mg LG1)26 and
(1.48 mg LG1)27.

concentrations and classes of insecticides and lemongrass oil,
four replicates of 10 insects each was used. Insects were only
subjected to mineral water in the control group (0.00 mg LG1).
In a constant-temperature incubator at 25±1EC.

Malathion (Malafos 57% EC): Following the experiment,
this experiment, industrial-grade malafos with 57% active
ingredient at various concentrations (0.75, 1.00, 1.25, 1.50 and
1.75 mg LG1).

Materials and chemicals used in this study
Deltamethrin (Flotron 2.5% EC): Chemical Flotron 2.5% EC
Insecticide.

Lemongrass oil: Was used different concentrations of
Chemical name: Deltamethrin, non-systemic pyrethroid

lemongrass oil (0.25, 0.50, 0.75, 1.00 and 1.50 mg LG1)28.

insecticide in the form of a concentrated emulsifiable liquid
(EC).

Study of the mortality, lethal concentration 50 (LC50):
Determination of the LC50 was carried out according to a
previously described method5. Was assessed after 96 hrs of
exposure and the individuals were considered dead when
they remained motionless after repeated mechanical stimuli
with a pipette tip29.

Chemical family and properties: Pyrethroid insecticide.
Fast-acting affecting contact and through the stomach, used
in the elimination of a wide range of insects, including worms
and sucking insects, on a large number of crops protected and
exposed as well as fruit trees and ornamental plants.

Study of the longevity, lethal time 50 (LT50): Determination
Malathion (Malafos 57% EC): Chemical Malafos 57% EC

of the lethal time 50 (LT50), D. melanogaster was exposed for
the concentration LC50, through a period of varying length of

Insecticide.
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response rate was 10-35% at the concentration of 0.05 and
1.48 mg LG1 respectively, while the linear response rate was
the lowest at the concentration of 0.05 mg LG1, the highest
percentage of 38.1793% at concentration 1.48 mg LG1. The
linear probity range ranged from 3.8432-4.6992 at the
concentration of 0.05 and 1.48 mg LG1, respectively, as shown
in Table 1. The slope of the regression line (0.5818+/-0.1215).
The Chi values of the data and their tabular values were
calculated and the value of Chi (computed) (3.0399) and
tabular (7.8) were found at freedom scores (n-2). As a strong
relationship between the concentration and the death rate (r)
Correlation coefficients were (0.9471), Table 1. The
concentration LC25 = 0.3373 mg LG1 resulted in 25% death,
whereas LC50 = 4.8673 mg LG1 in the death of 50%. The
highest death rate and 99% death at a concentration
(LC95 = 3269.365 mg LG1). The regression line, which
represents the relationship between the death ratios of the
D. melanogaster and the concentrations of the Deltamethrin
was plotted. From the Ldp line as shown in Fig. 1.

time. The studied period lasted for Recorded through at 12, 24,
48, 72 and 96 hrs. The dead from D. melanogaster were
removed immediately after death and their numbers
registered30.
Statistical analysis: Percentages of mortality were assessed
for each treatment and corrected using Abbott's equation31.
The lethal time 50 (LT50) was calculated for each group at
p = 0.05, LT50 was also determined by Probit analysis32 Ldp line.
RESULTS
The results of the current study, which evaluated the
toxicity of five different concentrations (0.75, 1.00, 1.25, 1.50
and 1.75 mg LG1) of Malathion, (Malafos 57% EC) and (0.05,
0.10, 0.21, 0.53 and 1.48 mg LG1) of Deltamethrin (Flotron 2.5%
EC) and lemongrass oil (0.25, 0.50, 0.75, 1.00 and 1.50 mg LG1)
on the insect of Drosophila melanogaster after 96 hrs of
treatment. To calculate the concentration at which the highest
mortality occurred and death half the number of individuals
after 96 hrs, as well as calculating the half-lethal time for
individuals. In addition to the group that was not treated with
any type of insecticide (control group (0.00 mg LG1) and were
fed naturally did not show any type of changes and continued
to the end of the experiment and did not get any deaths.
While groups exposed to insecticide have the following
effects.

Malathion, (Malafos 57% EC): The findings of the current
study measured the toxicity of five different Malathion
(Malafos 57% EC) concentrations (0.75, 1.00, 1.25, 1.50 and
1.75 mg LG1) after 96 hrs of treatment in D. melanogaster
insects. The response rate observed for the results obtained
in Malathion was 1-20% at a concentration of 0.75 and
1.75 mg LG1 respectively. Although the linear response rate
was lowest at 0.75 mg LG1 concentration, the highest

Mortality, lethal concentration (LC50)

percentage at 1.75 mg LG1 concentration was 20.1948%. At a

Deltamethrin (Flotron 2.5% EC): The results of the current

concentration of 0.75 and 1.75 mg LG1 respectively, the linear

study evaluated the toxicity of five different concentrations of
Deltamethrin (Flotron 2.5% EC) (0.05, 0.10, 0.21, 0.53 and
1.48 mg LG1) on the insect of D. melanogaster after 96 hrs of
treatment. The obtained results in Deltamethrin, the observed

probity range ranged from 2.8007-41653, Table 2. Regression
line slope (3.709+/-0.7749). The Chi values of the data and
their tabular values were determined and the Chi (computed)
(0.339) and tabular (7.8) values of the freedom scores were

Table 1: Mortality of an insect of the Drosophila melanogaster after 96 hrs of exposure to different concentrations of Deltamethrin (Flotron 2.5% EC)
Concentration

Concentration

Log

*10

(concentration *10)

Observed

Linear

Linear

Treated

response (%)

response (%)

probit

0

0

0

100

0

0

0.05

5

0.699

100

10

12.3738

0
3.8432

0.1

10

1

100

15

16.3176

4.0183

0.21

21

1.3222

100

27

21.3555

4.2058

0.53

53

1.7243

100

30

28.7656

4.4397

1.48

148

2.1703

100

35

38.1793

4.6992

Slope

0.5818

+/-0.1215

Chi

3.0399

Tabulated 7.8

p

0.3855

h

1.0133

g

0.1676

r

0.9471

Chi-Square (Chiinv) (Chi), probability (p), harmonic mean (h), logarithmic (g), correlation coefficients (r)
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Fig. 1: Lethal concentration (LC25,50,95) values are shown when a Drosophila melanogaster exposed 96 hrs after exposure to
different concentrations of Deltamethrin (Flotron 2.5% EC)
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Fig. 2: Lethal concentration (LC25,50,95) values are shown when a Drosophila melanogaster exposed 96 hrs after exposure to
different concentrations of Malathion, (Malafos 57% EC)
of lemongrass oil (0.25, 0.50, 0.75, 1.00 and 1.50 mg LG1) on
D. melanogaster insects. And so, for mortality to be
determined at (LC50). The response rate observed for the
results obtained in lemongrass oil was 3-17% at
concentrations of 0.25 and 1.5 mg LG1 respectively, that
although the linear response rate was the minimum at
0.25 mg LG1 concentration, the maximum value was 15.9527%
at 1.5 mg LG1 concentration. At concentrations of 0.25 and
1.5 mg LG1, the linear probity range ranged from 3.04954.0035, respectively, Table 3. The slope of the regression line
(1.226+/-0.3480). The Chi values of the data and their tabular
values were determined and the Chi (computed) (0.4345) and

found (n-2). Correlation coefficients were (0.992) as a clear
correlation between concentration and death risk (r), Table 2.
The LC25 = 1.9329 mg LG1 concentration resulted in a 25%
death, while LC50 = 2.938 mg LG1 resulted in a 50% death.
The highest death rate and a concentration of 99% death
(LC95 = 8.1571 mg LG1). A regression line was plotted, which
reflects the relationship between the D. melanogaster death
ratios and the Malathion concentrations. A figure, from the
Ldp line, Fig. 2.
Lemongrass oil: The results of this study examined the
effect after 96 hrs of treatment of five different concentrations
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Table 2: Mortality of an insect of the Drosophila melanogaster after 96 hrs of exposure to different concentrations of Malathion, (Malafos 57% EC)
Concentration

Log

*10

(concentration *10)

Concentration

Observed

Linear

Linear

Treated

response (%)

response (%)

probit

0

0

0

100

0

0

0.75

7.5

0.8751

100

1

1.46588

0
2.8007

1

10

1

100

5

4.13856

3.264

1.25

12.5

1.0969

100

8

8.44261

3.6234

1.5

15

1.1761

100

14

13.944

3.9171

1.75

17.5

1.243

100

20

20.1948

4.1653

Slope

3.709

+/-0.7749

Chi

0.339

Tabulated 7.8

p

0.9525

h

0.113

g

0.1677

r

0.992

Tabulated 0.878

Chi-Square (Chiinv) (Chi), probability (p), harmonic mean (h), logarithmic (g), correlation coefficients (r)
Table 3: Mortality of an insect of the Drosophila melanogaster after 96 hrs of exposure to different concentrations of lemongrass oil
Concentration

Log

*10

(concentration *10)

Concentration

Observed

Linear

Linear

Treated

response (%)

response (%)

probit

0

0

0

100

0

0

0

0.25

2.5

0.3979

100

3

2.5967

3.0495

0.5

5

0.699

100

5

5.70488

3.4186

0.75

7.5

0.8751

100

9

8.61586

3.6345

1

10

1

100

10

11.2741

3.7876

1.5

15

1.1761

100

17

15.9527

4.0035

Slope

1.226

+/-0.3480

Chi

0.4345

Tabulated 7.8

p

0.933

h

0.1448

g

0.3095

r

0.9849

Tabulated 0.878

Chi-Square (Chiinv) (Chi), probability (p), harmonic mean (h), logarithmic (g), correlation coefficients (r)
Table 4: Comparison of the LC50 mortality rate of the effect of Deltamethrin, Malathion and Lemongrass oil on the Drosophila melanogaster after 96 hrs of exposure
Line name

Lower limit

Upper limit

1

2

3

Index

RR

Slope

Slope +/-

LC25

LC50

Malathion, (Malafos 57% EC)

2.323

5.038

*

*

*

100

1

3.709

0.775

1.933

2.938

6.51

Deltamethrin (Flotron 2.5% EC)

1.948

37.686

*

*

*

60.366

1.657

0.582

0.122

0.337

4.867

776.321

Lemongrass oil

3.913

220.662

*

*

*

30.14

3.318

1.226

0.348

2.746

9.748

108.213

LC90

Index compared with Malathion, (Malafos 57% EC), Resistance Ratio (RR) compared with Malathion, (Malafos 57% EC), Resistance Ratio (RR), Lethal concentration to
kill 25% of the individuals (LC25) (mg LG1), Lethal concentration to kill 50% of the individuals (LC50) (mg LG1), Lethal concentration to kill 90% of the individuals (LC90)
(mg LG1)

tabular (7.8) values of the freedom scores were found (n-2).

Lemongrass oil on the D. melanogaster. According to the

Correlation coefficients were (0.878) as a good correlation

mortality LC50: The results of the current study show that

between concentration and death risk (r) Table 3. The

Malathion, (Malafos 57% EC) has a stronger effect in the

concentration LC25 = 2.7462 mg LG1 resulted in 25% death,

elimination and

1

mortality

reached 2.938 mg LG1 to kill half of the

whereas LC50 = 9.7478 mg LG in the death of 50%. The

the LC50

highest

individuals after 96 hrs,

death rate and 99% death at a concentration
1

of D. melanogaster where
compared

to

Deltamethrin

(LC95 = 214.0999 mg LG ). The line of regression that reflects

(Flotron 2.5% EC), where the concentration of (2.938 mg LG1)

the relationship between the D. melanogaster death ratios

of Malathion leads to kills half of individuals compared

and the concentrations of the Malathion was plotted. From

to Deltamethrin a higher concentration of 4.867 mg LG1

the Ldp line, Fig. 3.

that leads to killing half of the individuals. While lemongrass
oil requires a higher concentration when at (9.748 mg LG1)

Comparison LC50: Comparison of the effects of Deltamethrin

were to kill half of the individuals at 96 hours, Table 4,

(Flotron 2.5% EC), Malathion (Malafos 57% EC) and

Fig. 4.
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Fig. 3: Lethal concentration (LC25,50,99) values are shown when a Drosophila melanogaster exposed 96 hrs after exposure to
different concentrations of lemongrass oil
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Fig. 4: Lethal concentration (LC50) Comparison of the LC50 mortality rate of the effect of Deltamethrin, Malathion and Lemongrass
oil on the Drosophila melanogaster after 96 hrs of exposure
Longevity, Lethal time (LT50): The results of the current study,

Deltamethrin (Flotron 2.5% EC): From the results of the

which evaluated the toxicity of Effects of some insecticides
(Deltamethrin and Malathion) and lemongrass oil on Fruit
Fly (D. melanogaster) in different concentrations. Where
the Lethal half concentration (LC50) was used Malathion,
Deltamethrin and lemongrass oil after 12, 24, 48, 72 and 96 hrs
of treatment. To calculate the time half-lethal time for
individuals. The group that was not treated with any type of
insecticide (control group (0.00 mg LG1) and were fed naturally
did not show any type of changes and continued to the end
of the experiment and did not get any deaths. While groups
exposed to insecticide have affected the following effects.

current analysis, it is obvious that when half of the lethal
concentration (LC50) of Deltamethrin was used, half of the
number of individuals (mortality) (50%) of D. melanogaster
were
exposed to this insecticide
concentration
(LC50 = 4.8673 mg LG1) and its follow-up during periods (12, 24,
48, 72, 96 hrs) was killed. And then measure the lethal halftime LT50, which for individuals has the highest death rate. The
results obtained from Table 5 indicate that the response rate
observed varied between 10 and 29% at 12 and 96 hrs,
respectively. It is less valuable at 12 hrs and the maximum
ratio is 25.7355% at 96 hrs. The linear response rate was
483
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Fig. 5: Lethal time (LT25,50,95) values when Drosophila melanogaster is exposed to LC50 concentration of Deltamethrin (Flotron
2.5% EC) after 96 hrs of exposure
Table 5: Percentage of Lethal Time (LT) of Drosophila melanogaster 96 hrs after exposure to the half-lethal concentration (LC50) of Deltamethrin (Flotron 2.5% EC)
Time (hrs)
12
24
48
72
96

Log (Time * 1)

Treated

Observed response (%)

Linear response (%)

Linear probit

1.0792
1.3802
1.6812
1.8573
1.9823

100
100
100
100
100

10
12
18
20
29

8.79191
13.1388
18.789
22.7005
25.7355

3.6458
3.88
4.1142
4.2512
4.3485

Slope

0.778

+/-0.2156

Chi
p
h
g
r

1.3188
0.7247
0.4396
0.295
0.9583

Tabulated 7.8

Tabulated 0.878

Chi-Square (Chiinv) (Chi), probability(p), harmonic mean (h), logarithmic (g), correlation coefficients (r)

individuals (mortality) (50%) of D. melanogaster after 96 hrs,
(LC50 = 2.938 mg LG1). It was exposed to this concentration of
the insecticide and its follow-up during specific periods (12,
24, 48, 72, 96 hrs). And then calculate the lethal half-time LT50
which has the highest death rate for individuals. The results
obtained from Table 6 show that the observed response rate
ranged from 5-32% at 12 and 96 hrs, respectively. The linear
response rate was 4.30916% at 12 hrs It is less valuable and
the highest ratio is 26.3754% at 96 hrs. Linear probity ranged
from 3.282-4.3682 between 12 and 96 hrs, respectively in
Table 6. The slope of the regression line was calculated
(1.2027+/-0.2447). The Chi values of the data and their tabular
value were also calculated and the calculated Chi value
(3.7689) and the scale (7.8) were found at freedom scores
(n-2). The table also shows that there is a strong relationship
between concentration and death rate Correlation coefficients
(0.9487) and tabular scales (0.878), Table 6. It is evident from
the results of the current study that the confidence limits of

8.79191%. In Table 5 during 12 and 96 hrs, respectively,
the linear probity ranged from 3.6458-43485. The slope
(0.778+/-0.2156) of the regression line was determined. Also
measured were the Chi values of the data and their tabular
value and the calculated Chi value (1.3188) and the scale
(7.8) were found at the freedom ratings (n-2). The table also
shows that the concentration and death rate correlation
coefficients are closely related (0.9583), Table 5. From the
results of the current analysis, it is obvious that the Lethal
Period Confidence Limits (LT25,50,95) on D. melanogaster was
exposed to Deltamethrin LC50 concentration (Flotron 2.5% EC)
after 96 hours of exposure and the LT time was estimated at
25, 50 and 95%) and the confidence limits were calculated
Fig. 5.
Malathion, (Malafos 57% EC): Lethal Time (LT50): In the
current study, Lethal concentration (LC50) was calculated
from a Malathion which death half the number of
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Fig. 6: Lethal time (LT LT25,50,95) values when Drosophila melanogaster is exposed to LC50 concentration of Malathion, (Malafos
57% EC) after 96 hrs of exposure
Table 6: Percentage of Lethal Time (LT) of Drosophila melanogaster 96 hrs after exposure to the half-lethal concentration (LC50) of Malathion, (Malafos 57% EC)
Time (hrs)

Log (Time * 1)

Treated

Observed response (%)

Linear response (%)

Linear probit

12
24
48
72
96

1.0792
1.3802
1.6812
1.8573
1.9823

100
100
100
100
100

5
9
15
16
32

4.30916
8.76391
16.0129
21.7078
26.3754

3.282
3.644
4.006
4.2178
4.3682

Slope

1.2027

+/-0.2447

Chi
p
h
g
r

3.7689
0.2875
1.2563
0.159
0.9487

Tabulated 7.8

Tabulated 0.878

Chi-Square (Chiinv) (Chi), probability (p), harmonic mean (h), logarithmic(g), correlation coefficients (r)

the Lethal time values (LT25,50,95) on the D. melanogaster are
exposed to LC50 concentration of exposed to LC50
concentration of Malathion, (Malafos 57% EC) (LC50 = 2.938
mg LG1) after 96 hrs of exposure and LT time was calculated at
25, 50 and 95%) and the confidence limits have, Fig. 6.

of the regression line slope (1.0246+/-0.2741). Also measured
were the Chi values of the data and their tabular value and the
calculated Chi value (0.4924) and the scale (7.8) were found at
the liberty ratings (n-2). The table also shows that the
concentration and death rate correlation coefficients are
closely related (0.9878) and tabular scales (0.878) Table 7.
The confidence limits of the LT50 value and LT time were
calculated at 25,50 and 95%) and the confidence limits have,
Fig. 7.

Lemongrass oil: In the current results, the lethal concentration
(LC50) of lemongrass oil was estimated to kill half the number
of D. melanogaster individuals (mortality) (50%) after 96 hrs
(LC50 = 9,7478 mg LG1). It was exposed during unique periods
(12, 24, 48, 72, 96) hrs to this concentration of lemongrass oil
and its follow-up. And then measure the lethal half-time LT50,
which for individuals has the highest death rate. The results
obtained from Table 7 indicate that the response rate
observed varied between 3 and 16% at 12 and 96 hrs,
respectively. It is less valuable and the maximum ratio is
16.997% at 96 hrs, with a linear response rate of 3.00876% at
12 hrs. In Table 7 during the 12 and 96 hrs, the linear probity
ranged from 3.1203-4.0457, respectively. There was a measure

Comparison LT50: The results of the current study show that
the Malathion pesticide takes less time (321.862 hrs) to destroy
and kill the D. melanogaster population by using the halflethal concentration of it, according to longevity and the lethal
half-time LT50. Although Deltamethrin takes about 660,277 hrs
to kill half of the individuals, compared to Lemongrass oil,
which takes about 819,745 hrs to kill half of the individuals, it
is considered to be the longest time possible to kill half of the
individuals, Table 8, Fig. 8.
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Fig. 7: Lethal time (LT25,50,95) values when Drosophila melanogaster is exposed to LC50 concentration of lemongrass oil after
96 hrs of exposure
99

Malathion, (Malafos 57% EC)
Deltamethrin (Flotron 2.5% EC)
Lemongrass oil

7.0
6.5
1

80
70
60
50
40
30
20

3

2

6.0
5.5
5.0

Probits

Response (%)

90

4.5
3

2 1

4.0

10

3.5
321.862

1
10

3.0

660.277319.745

100

1000

10000

Time (hr)

Fig. 8: Lethal concentration (LT50) Comparison of the LC50 mortality rate of the effect of Deltamethrin, Malathion and Lemongrass
oil on the Drosophila melanogaster after 96 hrs of exposure
Table 7: Percentage of Lethal Time (LT) of Drosophila melanogaster 96 hrs after exposure to the half-lethal concentration (LC50) of lemongrass oil
Time (hrs)
12
24
48
72
96

Log (Time * 1)

Treated

1.0792
1.3802
1.6812
1.8573
1.9823

100
100
100
100
100

Observed response (%)
3
5
12
14
16

Linear response (%)
3.00876
5.81742
10.3404
13.9544
16.997

Linear probit
3.1203
3.4288
3.7372
3.9176
4.0457

Slope

1.0246

+/-0.2741

Chi
p
h
g
r

0.4924
0.9206
0.1641
0.2749
0.9878

Tabulated 7.8

Chi-Square (Chiinv) (Chi), probability (p), harmonic mean (h), logarithmic (g), correlation coefficients (r)
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Table 8: Comparison of the half-lethal time of (LT50) for the effect of Deltamethrin (Flotron 2.5% EC), Malathion (Malafos 57% EC) and Lemongrass oil on the
Drosophila melanogaster after 96 hrs of exposure
Line name

Lower limit

Malathion, (Malafos 57% EC)
Deltamethrin (Flotron 2.5% EC)
Lemongrass oil

180.904
244.483
302.206

Upper limit
1157.029
16779.57
18343.06

1

2

3

Index

RR

Slope

Slope +/-

*
*
*

*
*
*

*
*
*

100
48.747
39.264

1
2.051
2.547

1.203
0.778
1.025

0.245
0.216
0.274

LT25

LT50

88.478
89.7
180.049

321.862
3743.66
660.277 29306.79
819.745 14604.12

LT90

Index compared with Malathion, (Malafos 57% EC), Resistance Ratio (RR) compared with Malathion, (Malafos 57% EC) Resistance Ratio (RR), Lethal time to kill 25% of
the individuals (LC25) (mg LG1), Lethal time to kill 50% of the individuals(LC 50) ( mg LG1), Lethal time to kill 90% of the individuals (LC 90) 3 (mg LG1)

documented that insect susceptibility to insecticides is

DISCUSSION

dependent upon dosage, exposure route and species8-29. From
Insecticides owing to their variable effectiveness against
crop pests and their possible effects on organisms, insecticide
treatments are under investigation in the agroecosystems and
can be indicators of the effect of the ecosystem. This study
tested for effects of exposure to Deltamethrin and Malathion
and natural products, including lemongrass oil on Fruit Fly
(D. melanogaster) can prove an ideal model organism for
pesticide risk assessment and toxicological classification, since
it has striking similarities to different processes in the human
body33. For some time, it becomes stands out as an ideal in
vivo model organism for cytotoxicity evaluation, has attracted
serious scholarly interest and acquired recognition in various
fields of biological and medical science33. From the current
study, it was found in the group that was not treated with any
type of insecticide (control group) and were fed naturally did
not show any type of changes and continued to the end of the
experiment and did not get any deaths, this is similar to what
was observed by Penn34 when the ants were exposed to
pesticides significantly suffered more intoxication and
mortality from treated with fungicide plus imidacloprid
compared to the control that had more effective normally
functioning individuals than did those exposed to either of the
treatments.
The present study was designed to determine the
effect of survival and corrected mortality of adults of
D. melanogaster after 96 hrs of exposure to insecticide differed
insecticides. The results of this study showed that to
Deltamethrin, the concentration LC25 = 0.3373 mg LG1 resulted
in 25% death, whereas LC50 = 4.8673 mg LG1 in the death of
50%. The highest death rate and 99% death at a concentration
(LC99 = 48486.39 mg LG1). The regression line, which
represents the relationship between the death ratios of the
D. melanogaster and the concentrations of the Deltamethrin
was plotted. Reference to previous research, the chemical
composition of the active toxin, including the class of
pesticides, the degree of exposure, the period of selection,
the genetic variation of the target species and probably
other biotic and abiotic factors, may also play a role in the
development of resistance, most of the researchers have

the current study, it was found Deltamethrin (Flotron 2.5% EC),
the concentration of (4.867 mg LG1) where leads to kills half of
individuals, was of moderate toxicity. And in contrast, in a
study, that by Gutiérrez et al.29 the toxicity of deltamethrin (a
type II pyrethroid insecticide stressor) and the swimming
activity of Buenoa tarsalis and Martarega bento backswimmers
have been measured. Bioassays of concentration-mortality
and survival were performed with the insecticide, relative
to controls without deltamethrin. For B, deltamethrin was
26 times more toxic.
They Gutiérrez et al.29 found that deltamethrin survived
approximately 80% of adult B. Tarsalis that were not exposed
to deltamethrin during the three-day bioassays, while for
adults exposed to the lowest concentration (0.5 ng a.i. LG1),
survival was approximately 70%. Survival rates of B. for
treatments of 2.5 and 5 ng a.i. LG1. B. tarsalis was roughly 50
and 40%, respectively. Deltamethrin concentrations greater
than 50 ng a.i. LG1 resulted in 100% B mortality. Tarsal adults
under 48 hrs at exposure times. In general, the median survival
times of B. tarsalis and M. bentoi were lower when exposed to
higher concentrations of deltamethrin than when exposed to
lower concentrations. Because of the typical laboratory tests
for deltamethrin using concentrations around 10 µg LG1 35 and
in aquatic environments, the concentrations of deltamethrin
used in the present study are realistic. However, such
conclusions should be analyzed with caution, based on
deltamethrin toxicity. Research by Al-Fayyadh36 showed that

D. melanogaster Meigen, 1830 (Diptera, Drosophilidae) as a
model organism was investigated using Spiromesifen
(Oberon® 240 SC), a pesticide commonly used to manage
pests such as mites and whiteflies. The compound was applied
topically to freshly molten pupae at two concentrations
(LC10:21.45 and LC25: 39.53 :g active ingredient/pupa) and
tested for morphometric measurements of ovaries and
surviving adult progeny. Results showed that spiromesifen
inhibited ovary growth and development, reducing the
number of oocytes, basal oocyte volume and ovarian weight
at the maximum dose (LC25).
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concentrations. Where the Lethal half concentration (LC50) was
used Malathion, Deltamethrin and lemongrass oil after 12, 24,
48, 72 and 96 hrs of treatment. To calculate the time half-lethal
time for individuals. The group that was not treated with any
type of insecticide (control group (0.00 mg LG1) and were fed
naturally did not show any type of changes and continued to
the end of the experiment and did not get any deaths. From
the current study, according to longevity and the lethal half
time LT50, the results of our study show that the Malathion
pesticide needs less time (321.862 hrs) to eliminate and death
of the D. melanogaster population when using the half-lethal
concentration of it. Followed by Deltamethrin which takes
approximately 660.277 hrs to kill half of the individuals.
And in a study by Blibech et al.39 they the effect of
deltamethrin on pupae of Trichogramma oleae (Voegele
and Poitale), T. cacoeciae and T. bourarachae Pintureau and
Babault persisted for 30 days following exposure. Moreover,
showed Malbert-Colas et al.40 that a given concentration of
deltamethrin has different effects on the pest moth
Spodoptera littoralis, when used low concentrations of it and
two experimental concentrations led to very high mortality
early in S. littoralis development (4th larval instar), but only to
low mortality rates in adults.
The results of the current study show that Malathion can
cause serious to a healthy status on D. melanogaster. This is
consistent with the study conducted by reported a lower
96 hrs LC50 value (1.06 mg LG1) for O. niloticus. Malathion was
toxic to Labeo rohita (LC50 value 4.5 µg LG1)41 and C. gariepinus
(LC50 8.22 mg LG1) as recorded by Ahmad42. Malathion is used
excessively to protect crops which eventually affect the
aquatic ecosystem including fishes. Malathion gets oxidized to
malaoxon by cytochrome p 450 enzymes and it is considered
to be more toxic than the main compound43. Furthermore,
the primary site of action of malathion is the central and
peripheral nervous systems because they inhibit
Acetylcholinesterase44. Nevertheless, resistance to insecticides
can occur through various mechanisms, including target site
insensitivity, decreased penetration and sequestration, as well
as detoxification enzymes and transporters through phase
changes I, II, or III45-46.
Another important finding was that, when compared
the effect of deltamethrin and Malathion on Fruit Fly
(D. melanogaster) in different concentrations of theirs, we
found the Lemongrass oil takes approximately 819.745 hrs to
kill half of the individuals, it is considered the longest period
required to kill half of the individuals, but it was the least toxic.
This agrees on whit the study by Aiemsaard et al.38 when they
study effected of Lemongrass essential oil at concentrations
of 0.75-1.5% v/v on bacteria reduced survival of it's in the

On the other hand, we found in the current study, it was
found Malathion, (Malafos 57% EC) has a stronger effect in the
elimination and mortality of D. melanogaster where the LC50
reached 2.938 mg LG1 to kill half of the individuals after 96 hrs,
compared to Deltamethrin (Flotron 2.5% EC), where the
concentration of 2.938 mg LG1 of Malathion leads to kills half
of individuals compared to Deltamethrin a higher
concentration of 4.867 mg LG1 that leads to killing half of the
individuals. This is consistent with the study conducted by
Osman30 when LC50 of Malafos 57 EC is calculated and the
effects of acute malafos toxicity on behavioural and certain
haematological parameters of Oreochromis niloticus
freshwater fish are investigated, it has been found that
malafos induces alterations in blood parameters. There is a
substantial decrease in red (RBCs), haemoglobin (Hb) and
hematocrit (Ht%) whereas White Blood Cells (WBCs) display an
increase in their amount. A recent study by Aljedani et al.37
that the use of insecticides affects the safety of the forager's
honeybee workers, a result of that study has shown that the
midgut cells affected by insecticides and clear effects
depending on the insecticide used malathion was a clear
effect on epithelial cells of midgut.
This study produced results that corroborate the
lemongrass oil requires a higher concentration when at
(9.748 mg LG1) were to kill half of the individuals at 96 hrs, it is
considered the least toxic. This is consistent with the study
conducted by Eben et al.13 when 17 volatile plant compounds
from different chemical groups were examined for contact
toxicity, feeding modification and oviposition repellence on
Drosophila suzukii (Diptera: Drosophilidae), they were
evaluated after 1, 4 and 24 hrs after contact with treated
surfaces; Cinnamon oil and its components had the highest
contact toxicity with an LC90 = 2-3%, whereas lemongrass oil,
its main components, were less toxic (LC90 = 7-9%). The
findings of the current study are consistent with those of
Aiemsaard et al.38 when they investigated the antibacterial
activity of lemongrass, against subclinical mastitis bacterial
isolates from dairy goats, the results of that study showed that
lemongrass essential oil has the potential to be developed as
an antibacterial agent or teat dip formula for the control of
subclinical mastitis in goats.
It is interesting through the results of the current study,
we can find that Malathion(Malafos 57% EC) was the most
toxic, followed by Deltamethrin (Flotron 2.5% EC), while was
Lemongrass oil the least toxic on the D. melanogaster
according to the mortality LC50.
The current study, which evaluated the toxicity of the
effects of some insecticides (Deltamethrin and Malathion) and
lemongrass oil on Fruit Fly (D. melanogaster) in different
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time-kill assay by 99.90-99.99% within 30 min. In a study by
they found the concentration of essential oil and contact time
was increased, the antibacterial effect also increased. This is
consistent with the report of Chamdit and Siripermpool47, who
studied the effect of lemongrass and clove essential oils
against S. aureus ATCC43300. And therefore, lemongrass is
effective for eliminating many pests even if it takes some time.
Many studies have reported that the age of the insects
may be affected by many factors, a study conducted by Pearl48
it was found that Drosophila, kept at lower temperatures, lived
longer. Since the metabolic rate in poikilotherms is dictated by
the ambient temperature, suggested that organisms have a
genetically predetermined amount of energy to expend over
a lifetime and that the lifespan will therefore be determined by
the rate of their expenditure. D. melanogaster 's laboratory
lifetime, on the other hand, is on the order of eight weeks and
is extremely resistant to manipulations such as induced
mutations or artificial selection regimes. Long-lived strains
can demonstrate twice the lifespan of short-lived strains20.
However, even with the use of short-lived model organisms
for relatively rapid lifespan studies, this is likely to be partially
due to the difficulty of physiology involved in deciding the
length of life, but perhaps also partly due to technical
difficulties in experimental design hampering a consistent
direction of development49.
Data on the intake of foods rich in fruits and vegetables
show that diets are a significant determinant of health and
disease prevention50. The traditional Asian and Mediterranean
diets are abundant in vegetables and fruits51. In the safe
production of agricultural products, food safety must be
preserved from pests as well as pesticide residues, so the best
solution is to go towards using natural products that have
proven effective in eliminating pests and at the same time
environmentally friendly.

proven effective in eliminating Fruit Fly had an effective role
in biological control. A further study in the future with more
focus on using natural products to combat insect pests is
therefore suggested.
SIGNIFICANCE STATEMENT
This study discovers that lemongrass oil and its
components that can be beneficial for eliminating Drosophila
melanogaster, can be considered an environmentally friendly
pesticide. This study will help the researcher to uncover the
critical areas of efforts that are placed into the hunt for
alternative substances relevant to the insect's pest control that
many researchers were not able to explore. Thus, could be
useful in the development of more effective natural
compounds as alternatives to synthetic pesticides.
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