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Abstract 

The lemon butterfly Papilio demoleus is the most serious pests whose larval forms causes the serious damage by cultivated 

species of citrus during their various stages of development. Presently scientists focus their research and efforts to develo

eco-friendly pest control methods, one of t

larva plant products are introduced in this study the Azadirachtin a secondary metabolite isolated from 

was evaluated  their antifeedant activity against f

method, feeding activity is related to food utilization at different concentrations of 200, 150, 100 and 50ppm the antifeedan

index calculated over 24 hrs. and 48 hrs. Results showed th

activity of 86.28% and 70.43% at 200ppm concentration

concentration. Azadirachtin could also be considered for use in the management of p
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Introduction 

Citrus varieties are widely used and commercially important 

fruit crops in the world and it is prominently cultivated in the 

subtropical and tropical regions. It is found in much of South 

Asia to Australia, New Guinea, and the Philippines. Recently it 

has been introduced into the Caribbean
1
.  

 

Citrus industry is one of the largest fruit industries

occupying 3
rd

 largest and 6% of the total area of different fruits 

cultivation. Sweet orange cultivated in an area of 204.1 lakh 

hectares with an annual production of 30.61 lakh tonnes of fruits 

and productivity of 15 MT/Ha in Andhra Pradesh a

Telengana states. In India Citrus crops are attacked by nearly 

250 or more insect species at various stages of growth from 

budlings and seedlings in fields and nurseries, in these insect 

species nearly 165 species are causing severe damage to citrus 

crops an estimated loss of 30 per cent in yields

 

Among that different insect pest attacked on citrus, the citrus 

butterfly, Pailio demoleus L is one of common pest in nurseries, 

citrus gardens and fully grown up various citrus plants, they 

feed eagerly voraciously and made sever damage to nurseries 

and young seedlings leaving behind midribs only. Severe 

damage results in defoliation of the tree
3
 and leads to hamper 

the plant growth and sever loss in fruit yield

external features and internal biology of Pailio demoleus

will be useful to control effective management method, against 

citrus butterfly
5
.  
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is the most serious pests whose larval forms causes the serious damage by cultivated 

species of citrus during their various stages of development. Presently scientists focus their research and efforts to develo

friendly pest control methods, one of the most accepted and suitable method is natural antifeedants. So controlling this 

larva plant products are introduced in this study the Azadirachtin a secondary metabolite isolated from 

was evaluated  their antifeedant activity against fourth instar larvae of Papilio demoleus using no

method, feeding activity is related to food utilization at different concentrations of 200, 150, 100 and 50ppm the antifeedan

index calculated over 24 hrs. and 48 hrs. Results showed that the Azadirachtin treated larvae showed maximum antifeedant 

activity of 86.28% and 70.43% at 200ppm concentration. The antifeedant activity were increased with increasing 

concentration. Azadirachtin could also be considered for use in the management of pests. 

Antifeedant activity, Plant Products, Papilio demoleus, Azadirachtin, Azadirachta indica

Citrus varieties are widely used and commercially important 

prominently cultivated in the 

subtropical and tropical regions. It is found in much of South 

Asia to Australia, New Guinea, and the Philippines. Recently it 

industries in the world, 

largest and 6% of the total area of different fruits 

cultivation. Sweet orange cultivated in an area of 204.1 lakh 

hectares with an annual production of 30.61 lakh tonnes of fruits 

and productivity of 15 MT/Ha in Andhra Pradesh and 

Telengana states. In India Citrus crops are attacked by nearly 

250 or more insect species at various stages of growth from 

budlings and seedlings in fields and nurseries, in these insect 

species nearly 165 species are causing severe damage to citrus 

ps an estimated loss of 30 per cent in yields
2
.  

attacked on citrus, the citrus 

L is one of common pest in nurseries, 

citrus gardens and fully grown up various citrus plants, they 

raciously and made sever damage to nurseries 

and young seedlings leaving behind midribs only. Severe 

and leads to hamper 

the plant growth and sever loss in fruit yield
4
. Finding the 

Pailio demoleus larvae 

will be useful to control effective management method, against 

Presently synthetic pesticides play a key role in controlling the 

various insects and these are usually giving a strong protection 

against insect pests. All over the world, it was approximately 

1.8 billion people depends in agriculture sector so maximum 

people utilize nearly 5.6 billion pounds of chemical pesticides 

are protected the various crops food grains, vegetables, fruits 

and profitable crops they yield
6
. Chemical pesticides and their 

products are highly preserved in water, land and agricultural 

products so finally influence on climate, animals and human 

strength being during arrangement, utilization and the 

application on crops. These signs of chemical pesticides to 

know the importance in the use the plant products for 

agriculture security in the agricultural fields and during storage

 

Plant products are using ancient day onwards so it was well 

known as an attractive alternative choi

for insect pest  management,  they effect  either low or no harm 

to the ecosystems, environment, and to human health. Last few 

decades on wards people was used plant products for the control 

the various diseases in pest management

pesticides to supervise microbial growth, weeds and many more 

new approaches was introduced
8
. Therefore, various plants and 

their products were used for medicinal purposes in human 

health point of view and explain different potential

control agents in agriculture. Generally, plant products is a 

combination of mixture of bioactive compounds these are varied 

benefits in related to short life span, efficacy and there was no 

resistance is developed in pests and pathogens

pesticides are naturally species-specific, safe to non
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is the most serious pests whose larval forms causes the serious damage by cultivated 

species of citrus during their various stages of development. Presently scientists focus their research and efforts to develop 

he most accepted and suitable method is natural antifeedants. So controlling this 

larva plant products are introduced in this study the Azadirachtin a secondary metabolite isolated from Azadirachta indica 

using no-choice leaf bioassay 

method, feeding activity is related to food utilization at different concentrations of 200, 150, 100 and 50ppm the antifeedant 

at the Azadirachtin treated larvae showed maximum antifeedant 

were increased with increasing 

Azadirachta indica. 

Presently synthetic pesticides play a key role in controlling the 

various insects and these are usually giving a strong protection 

insect pests. All over the world, it was approximately 

1.8 billion people depends in agriculture sector so maximum 

people utilize nearly 5.6 billion pounds of chemical pesticides 

are protected the various crops food grains, vegetables, fruits 

. Chemical pesticides and their 

products are highly preserved in water, land and agricultural 

products so finally influence on climate, animals and human 

strength being during arrangement, utilization and the 

signs of chemical pesticides to 

know the importance in the use the plant products for 

agriculture security in the agricultural fields and during storage
7
.  

Plant products are using ancient day onwards so it was well 

known as an attractive alternative choice to chemical pesticides 

for insect pest  management,  they effect  either low or no harm 

to the ecosystems, environment, and to human health. Last few 

decades on wards people was used plant products for the control 

the various diseases in pest management, cure of diseases, as 

pesticides to supervise microbial growth, weeds and many more 

. Therefore, various plants and 

their products were used for medicinal purposes in human 

health point of view and explain different potential insect 

control agents in agriculture. Generally, plant products is a 

combination of mixture of bioactive compounds these are varied 

benefits in related to short life span, efficacy and there was no 

resistance is developed in pests and pathogens
9
. The bio-

specific, safe to non-target 
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animals in this human being  and natural enemies of insect 

pests, and these are degrade rapidly in sunlight, environmentally 

safe and eco-friendly, no pollution to air and moisture, so they 

are less persistence in the environment, and giving a speed 

action on the insects, there was no effect on plant natural 

growth, seed growth and giving quality of the grains and are low 

cost and easily accessible in the farmers natural environment

Now it is a time to look necessary for another

technique. So finally, the use of plant products has been 

recommended for a one of the best and as a suitable alternative 

of plant protection with low negative risks
11

.  

 

In the present investigation Papilio demoleus 

a test species to evaluate the antifeedant activity by using the 

plant product azadirachtin from Azadirachta indica.

 

Materials and methods 

Test insect: The lemon butterfly, Papilio demoleus

insect pest on citrus, usually five larval instars in their life cycle 

so the larval forms causes huge affect to citrus family, these 

larval stages in their development they feeds voraciously on 

vegetative growth of citrus plants throughout the year. It is most 

destructive to citrus seedlings as well as new flushes

Papilio demoleus, is also called as the citrus Swallowtail and it 

belongs to the family Papilionidae. 

 

Collection of larvae and maintenance: Larvae of different 

stages Papilio demoleus were collected from 

Nalgonda (District) of Telangana State, India were reared in the 

laboratory at 27 ± 2°C temperature and 70% ± 5% R.H., in the 

glass petri plates, kept in a wooden box (20cmx20cmx20cm), 

with wire-netted sides and top. The larvae of 

daily fed on fresh leaves of lemon. The fully grown fourth instar 

larvae were separated and kept in a separate petri dish at room 

temperature for the experiment. 

 

Plant material: Azadirachta indica is a plant of Meliaceae 

family, in this plant many of the active compounds are 

identified in that azadirachtin is more active compound, which 

is identified in the leaves and seeds and various parts of plant. It 

is a bitter and complex chemical in nature which comes under 

the limonoid group, molecular formula is C35

proved strong biological activities on various insects

Azadirachtin showed its power on nearly about 200 species of 

various insect pests by assisting as a feeding deterrents and 

insect growth regulators. Azadirachtin has 

effects on insects
14

 but it was a low toxicity to mammals and 

also showed it was a non mutagenic
15

. Azadirachtin was 

degraded rapidly in different conditions such as ecological 

factors as UV radiation in sunlight, air moisture, heat,

and presence of enzymes. Therefore, it was a good alternative, 

the advantage of azadirachtin as ecologically safe

products with selective toxicity to targeted pests, low toxic to 

plants and mammals and eco-friendly in nature
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animals in this human being  and natural enemies of insect 

pests, and these are degrade rapidly in sunlight, environmentally 

friendly, no pollution to air and moisture, so they 

less persistence in the environment, and giving a speed 

action on the insects, there was no effect on plant natural 

growth, seed growth and giving quality of the grains and are low 

cost and easily accessible in the farmers natural environment
10

 . 

another pest management 

So finally, the use of plant products has been 

recommended for a one of the best and as a suitable alternative 

 

Papilio demoleus L. was selected as 

a test species to evaluate the antifeedant activity by using the 

Azadirachta indica. 

Papilio demoleus is a key 

t on citrus, usually five larval instars in their life cycle 

so the larval forms causes huge affect to citrus family, these 

larval stages in their development they feeds voraciously on 

vegetative growth of citrus plants throughout the year. It is most 

ructive to citrus seedlings as well as new flushes
12

. The 

, is also called as the citrus Swallowtail and it 

Larvae of different 

d from Citrus fields in 

Nalgonda (District) of Telangana State, India were reared in the 

laboratory at 27 ± 2°C temperature and 70% ± 5% R.H., in the 

glass petri plates, kept in a wooden box (20cmx20cmx20cm), 

netted sides and top. The larvae of the species were 

daily fed on fresh leaves of lemon. The fully grown fourth instar 

larvae were separated and kept in a separate petri dish at room 

is a plant of Meliaceae 

lant many of the active compounds are 

identified in that azadirachtin is more active compound, which 

is identified in the leaves and seeds and various parts of plant. It 

is a bitter and complex chemical in nature which comes under 

35H44O16 and it was 

on various insects
13

. 

Azadirachtin showed its power on nearly about 200 species of 

various insect pests by assisting as a feeding deterrents and 

has toxicity and huge 

but it was a low toxicity to mammals and 

. Azadirachtin was 

degraded rapidly in different conditions such as ecological 

factors as UV radiation in sunlight, air moisture, heat, acidity 

Therefore, it was a good alternative, 

as ecologically safe, plant 

products with selective toxicity to targeted pests, low toxic to 

friendly in nature. 

Chemical structure of 
 

Preparation of Test Compound: 

solutions Acetone was used as a 

solubility was very high in acetone. 1% stock solution was 

prepared using acetone and 200 ppm, 150

50ppm concentrations of azadirachtin were prepared from the 

stock by dilution method. 

 

Experimental Procedure: Antifeedant activity evaluation 

method: Antifeedant activity of the Azadirachtin a pure 

compound isolated from Azadirachta indica

against fourth instar larvae of Papilio demoleus 

in no-choice bioassay method. The experiment was done in Petri 

dishes. A moist paper towel was kept at the bottom of each 

container in order to maintain relative humidity and to kee

lemon leaves fresh. The observations were recorded after 24hrs 

and 48hrs after treatment. Fresh, tender leaf discs (36.5 sq.cm) 

of lemon were used as food. Concentrations of the pure 

compounds such as 50ppm, 100ppm, 150ppm and 200ppm were 

prepared.  

 

The leaf discs treated with acetone were used as a negative 

control, and leaf discs treated with azadirachtin were used as a 

positive control. Single Papilio demoleus 

introduced into the Petri dish. Parallel controls of 

demoleus maintained with similar leaf discs. Ten such Petri 

dishes were taken for each experiment. The experiment was 

finished in the laboratory conditions of 28 ± 1°C, 14:10 L:D 

photoperiod, and 75 ± 5% relative humidity. Progressive 

consumption of leaf area by the larvae was recorded after 24 

hrs. 48hrs. using a leaf area meter. 
 

The leaf area consumption was recorded by the leaf area meter 

before treatment and after the 24 hrs and 48 hrs, of the 

treatment. The percentage of antifeedant activity was calcu

using the formula
16    

Antifeedant activity   

Leaf area

in control

consumed
Leaf area

in control

area consumed
 

Statistical analysis: One way ANOVA was used to analyze the 

antifeedant activity. Significant differences were

between treated and control groups. The results are expressed as 
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Chemical structure of Azadirachtin  

Preparation of Test Compound: Preparation of the test 

solutions Acetone was used as a solvent; the test compounds 

solubility was very high in acetone. 1% stock solution was 

ppm, 150 ppm, 100 ppm and 

50ppm concentrations of azadirachtin were prepared from the 

Experimental Procedure: Antifeedant activity evaluation 

Antifeedant activity of the Azadirachtin a pure 

Azadirachta indica was assayed 

Papilio demoleus using a leaf disc 

choice bioassay method. The experiment was done in Petri 

dishes. A moist paper towel was kept at the bottom of each 

container in order to maintain relative humidity and to keep the 

lemon leaves fresh. The observations were recorded after 24hrs 

and 48hrs after treatment. Fresh, tender leaf discs (36.5 sq.cm) 

of lemon were used as food. Concentrations of the pure 

compounds such as 50ppm, 100ppm, 150ppm and 200ppm were 

The leaf discs treated with acetone were used as a negative 

control, and leaf discs treated with azadirachtin were used as a 

Papilio demoleus fourth instar larva was 

introduced into the Petri dish. Parallel controls of Papilio 

maintained with similar leaf discs. Ten such Petri 

dishes were taken for each experiment. The experiment was 

finished in the laboratory conditions of 28 ± 1°C, 14:10 L:D 

photoperiod, and 75 ± 5% relative humidity. Progressive 

rea by the larvae was recorded after 24 

 

The leaf area consumption was recorded by the leaf area meter 

before treatment and after the 24 hrs and 48 hrs, of the 

treatment. The percentage of antifeedant activity was calculated 

area consumed 

control –  Leaf area 

consumed in treated leaf
area consumed 

control �  Leaf 

consumed in treated leaf

 � 100 

One way ANOVA was used to analyze the 

Significant differences were observed 

between treated and control groups. The results are expressed as 
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Mean ± SD and data was statistically analyzed with the level of 

significance set at p<0.05 using SPSS software. 

 

Results and Discussion 

Botanical insecticides are the best alternative to the chemical 

pesticides to very less negative impacts on environment and 

human health. One of the better ways to reduce the high 

consumption of chemical insecticides is the application of 

botanical insecticides, which are promoted to be 

environmentally and medically safe
17

. 

 

According to our results various concentrations was used for 

present experiment and they were low to the mortality 

concentration, so that an efficient dose without killing the insect 

but had an antifeedant activity.  
 

Plant kingdom is a huge source of biologically more active 

natural chemicals; nearly 10,000 secondary metabolites have 

been chemically identified from the plant kingdom. Neem 

products are widely used such as neem leaf extract, neem seed 

extract, neem cake and neem oil acting as an insect repellents 

and insecticides against a more number of pests insects
18

. 

Azadirachtin, is the most potent natural insect antifeedant. 

According to various studies higher antifeedant index normally 

indicates decreased rate of feeding. In the present study, the 

extract azadirachtin was applied on the leaf surface using 

different concentrations such as 200ppm, 150ppm, 100ppm and 

50ppm for 24 hrs and 48 hrs duration. The results of present 

study showed 86.28 % and 70.43% antifeedant activity at 

200ppm concentration after 24 hrs and 48 hrs exposure, 

respectively. The protected leaf area at 200 ppm was 33.37 ± 

1.04* sq.cm and 27.15 ± 0.74* sq.cm after 24 hrs and 48 hrs, 

respectively. The antifeedant activity varied significantly based 

on the concentration and type of plant product used for the 

formulations. Antifeedant is a chemical that inhibits the feeding 

without killing the insect directly, while the insect remains near 

the treated foliage and dies through starvation
19

. Similar results 

were observed in Spodoptera mauritia, Ephestia kuehniella Zell 

and Manduca sexta when subjected to azadirachtin
20

. 

In our study, an additive effect in the antifeedant activity was 

recorded in the azadirachtin treatment, which was significantly 

high when treated with 150ppm concentration the antifeedant 

activity was 73.67% and 62.13% for 24 hrs and 48 hrs exposure 

and the protected leaf area was 28.24 ± 0.78* sq.cm and 24.60 ± 

0.80* sq.cm after 24 hrs and 48 hrs, respectively. In our 

experimental result matched with the findings of Kumar
21 

who 

reported that   methanolic extracts of karanj and neem were 

exhibited well in the antifeedant activity against Tetranychus 

species in other experiment the karanj and neem mixture 

showed synergistic activity against aphid Macrosiphoniella 

sanborni. Schoonhoven
22

 were also in agreement with the 

present work on feeding deterrency and repellency of neem 

antifeedant property of neem leaf extract on various agricultural 

pests and found the highest antifeedant effect showen by neem 

therefore their work also supported present investigation. 

 

This study indicated that the Papilio demoleus larvae is 

determined not only by feeding inhibition, as indicated by 

reduced food uptake at 100ppm concentration 65.83% and 

52.08% antifeedent activity was observed for 24 hrs and 48 hrs 

exposure and protected leaf area was 25.17 ± 0.76* sq.cm and 

19.75 ± 0.93* sq.cm after 24 hrs and 48 hrs respectively, 

digestibility as indicated by reduced efficiency of Papilio 

demoleus larvae in converting ingested food to growth. Similar 

results were found the Dancewicz
23

 also was in agreement that 

Allium sativum and Oscimum sanctum suppress the feeding 

behavior of Myzus persicae. Feeding behavior is governed by 

both neural input from the insect’s chemical senses and central 

nervous integration of this sensory input. The primary 

antifeedant effects might be attributable to a direct action of 

neem-based biopesticides on the centers that control feeding and 

metabolism. Azadirachtin stimulates specific deterrent cells in 

chemoreceptors on insect mouthparts and blocks the receptor 

cells that normally stimulate feeding. A secondary antifeedant 

effect of azadirachtin results from the disturbance of hormonal 

and other physiological systems. 

 

 
 

Table-1: Mean and SD of undamaged leaf area (sq.cm) and antifeedant activity (%) with different concentration treatments of 

azadirachtin. 

Conc. in ppm 
No of  

Insects 

Mean ± SD  

after 24 hrs. 

Mean ± SD after 

48 hrs. 

Antifeedant activity (%)                            

after 24 hrs. 

Antifeedant activity (%)                                  

after 48 hrs. 

200 10 33.37 ± 1.04* 27.15 ± 0.74* 86.28 70.43 

150 10 28.24 ± 0.78* 24.60 ± 0.80* 73.67 62.13 

100 10 25.17± 0.76* 19.75± 0.93* 65.83 52.08 

50 10 21.61 ± 0.91* 15.51± 0.99* 58.73 43.28 

Control 10 14.05 ± 0.92* 09.73 ± 1.14* --- --- 

Mean and SD values are significant at p< 0.05. 
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Antifeedant activity was mainly depends on concentration, 

lower dose of 50ppm concentration reduced the larval feeding 

up to a large extent that was 58.73% after 24 hrs and 43.28% 

after 48 hrs and the protected leaf area was 19.05 ± 0.92* sq. cm 

and 10.73 ± 1.14* sq.cm after 24 hrs and 48 hrs, respectively. 

Similar observations were also noticed in Papilio demoleus 

treated with plant products such as andrographolide and 

Costunolide
24,25

. Plant–based products are most efficient 

antifeedant, they contribute great value in the protecting crops 

from insect attack and pest infestation and may be replace the 

chemical insecticides in coming days. Antifeedants gave the 

signal to the pests insects to stop feeding and perhaps starve or 

to move from the treated crop to other plant. Plant products 

consists mixtures of bioactive constituents, these metabolites 

may gave toxic effects if ingested leading to rejection of the 

host plant. 

 

The plant products and active compounds acting as a repellents, 

antifeedants, insect growth regulators, regulation and control of 

oviposition. Azadirachtin had efficient antifeedant activity at 

200ppm and less quantity of the food consumption takes place, 

at 150 and 100ppm were identified to have a moderate 

antifeedant activity was observed. Similar type of experiments 

were reported earlier studies by the main active plant product in 

the C. odorata wood, gedunin, had previously shown moderate 

antifeedant activity against various insect species
26

 depends on 

the various treated concentrations, antifeedants  are showed  

some physiological or toxic actions on insects. 

 

Conclusion 

The present findings suggest that plant extracts of Azadirachtin, 

contain biologically active compound, which were efficiently 

and vital antifeedant effect on Papilio demoleus. Thus, these 

plant extracts contribute significant promise for fighting the 

threats posed by Citrus farmers. The aim of this work is its 

adaptability for use of small scale farmers plagued by the 

challenge of not being able to afford conventional pesticides on 

the market. 
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