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ABSTRACT – Extracts from plants, such as giant milkweed 
(Calotropis procera Aiton, 1811), have been employed in pest 
management due to their insecticidal potential and safety for humans 
and animals. However, applying these products in crops may lead to 
a reduction in natural enemies, such as the earwig (Euborellia 
annulipes Lucas, 1847), an important ally in biological control. Thus, 
there is a need to test whether the extract of C. procera affects the 
survival and biological parameters of E. annulipes. This study aimed 
to evaluate the effects of aqueous and alcoholic extracts of C. 
procera at different concentrations on the survival and 
morphological aspects of the predator E. annulipes. The study was 
conducted in the Invertebrate Laboratory of the Department of 
Biosciences at the Center for Agricultural Sciences, Federal 
University of Paraíba, Campus II, Areia, PB, Brazil, under controlled 
conditions. Concentrations of 5, 10, 15, and 20% of aqueous and 
alcoholic extracts from C. procera leaves were tested with topical 
application on nymphs and adults of E. annulipes. Insect survival, 
instar duration, body size, and head capsule length were evaluated. 
Under laboratory conditions, the aqueous extract of C. procera is 
harmless to E. annulipes; the alcoholic extract is harmless at 
concentrations of 5, 10, and 15% and moderately toxic at 20%. The 
alcoholic extract decreases, while the aqueous extract increases, the 
duration of instars in E. annulipes. Higher concentrations of the 
alcoholic extract reduce predator size and head capsule length. 
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RESUMO - O uso de extratos de plantas como algodão-de-seda 
(Calotropis procera Aiton, 1811), vem sendo usado no manejo de 
pragas pelo seu potencial inseticida e por ser mais seguro a humanos 
e animais. Contudo, a aplicação desses produtos nos cultivos pode 
implicar na redução dos inimigos naturais, como a tesourinha 
Euborellia annulipes Lucas, 1847, grande aliada do controle 
biológico. Assim surge a necessidade de testar se o extrato de C. 
procera afeta a sobrevivência e parâmetros biológicos de E. 
annulipes. Objetivou-se com esse estudo avaliar a ação tóxica dos 
extratos aquosos e alcoólicos de C. procera em diferentes 
concentrações sobre a sobrevivência e aspectos morfológicos do 
predador E. annulipes. O estudo foi conduzido no Laboratório de 
Invertebrados do Departamento de Biociências do Centro de Ciências 
Agrárias da Universidade Federal da Paraíba, Campus II, Areia – PB, 
sob condições controladas. Testaram-se as concentrações de 5, 10, 15 
e 20% do extrato aquoso e alcoólico de folhas de C. procera, com 
aplicação tópica sobre ninfas e adultos de E. annulipes. Avaliou-se a 
sobrevivência dos insetos, duração de ínstares, tamanho corporal e 
comprimento da cápsula cefálica. Em condições de laboratório, o 
extrato aquoso de C. procera é inócuo a E. annulipes; o extrato 
alcoólico demonstra ser inócuo na concentração de 5, 10 e 15%, e 
moderadamente tóxico a 20%. O extrato alcoólico diminui, enquanto 
o aquoso aumenta, a duração dos ínstares de E. annulipes. As 
concentrações mais elevadas do extrato alcoólico, promove a redução 
no tamanho do predador e no comprimento da cápsula cefálica.  
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INTRODUCTION 
 
Agricultural crops, throughout their phenological development, are 

susceptible to a range of insects that can attack them, causing low levels of 
production and, consequently, a low financial return. Thus, Integrated Pest 
Management (IPM) in agriculture is a necessary approach, which accompanies the 
entire crop cycle (REZAEI; SAFA; GANJKHANLOO, 2020). 

In the context of IPM, it is necessary to use control methods to keep the 
population of pest insects below the level of economic damage (ZHOU et al., 
2024). To this end, producers have a range of measures such as cultural, 
behavioral, genetic, varietal, biological and chemical control (DARA, 2019). 
However, chemical control, when used excessively, leads to the selection of 
resistant insects, decrease in natural enemies, in addition to contamination of soil 
and surface and subsurface water (OLIVEIRA et al., 2016).  

Given this scenario, the use of plant extracts presents itself as an 
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alternative in pest control because it is innocuous to humans 
and does not leave residues in food (FERREIRA et al., 2024). 
Thus, some plants such as neem (Azadirachta indica A. Juss) 
(BENELLI et al., 2017), rue (Ruta graveolens L.) (PERERA; 
KARUNARATNE; CHINTHAKA, 2022), giant milkweed 
(Calotropis procera Ait.) (VATS et al., 2023) and others have 
been studied for having insecticidal potential in the form of 
both essential oils and aqueous and alcoholic extracts. 

C. procera, popularly known as giant milkweed or 
Sodom apple, is a plant belonging to the Apocynaceae family, 
a perennial shrub that can reach 1.5 to 3.5 meters in height 
and has large subcoriaceous leaves (HASSAN et al., 2015). 
Studies have sought to confirm the efficiency of C. procera in 
the control of pests of agricultural importance such as 
Spodoptera frugiperda (J.E. Smith, 1797), Anticarsia 
gemmatalis (Hübner, 1818), Ceratitis capitata (Wiedemann, 
1824) (RAMOS et al., 2007), Spodoptera exigua (Hübner, 
1808) (KHAN et al., 2017) and Galleria mellonella 
(Linnaeus, 1758) (EL-HEFNY, 2019). With these studies and 
the proof that aqueous and alcoholic extracts of C. procera 
have an insecticidal action on pest insects, there emerges a 
need to test whether this extract affects the survival and 
biological parameters of natural enemies, such as the E. 
annulipes earwig of the order Dermaptera.  

The fauna of predatory insects is extremely important 
for maintaining the balance of agroecosystems, and in these 
environments the presence of insects such as Dermaptera 
significantly helps in carrying out biological control in a 
natural way, since these predators feed on eggs and larvae of 
pest insects of agronomic importance (SILVA; BATISTA; 
BRITO, 2010). The earwig Euborellia annulipes is 
recognized as an excellent predator of agricultural pests such 
as S. frugiperda (SILVA; BATISTA; BRITO, 2009), eggs and 
neonate larvae of Diatraea saccharalis (Fabricius, 1794) 
(SOUZA et al., 2022), and Plutella xylostella (Linnaeus, 
1758) (NUNES et al., 2018).  

In this context, with the potential use of C. procera 
plant extracts in the control of insect pests, investigations are 
necessary due to the need to understand the action of this 
extract on the biology of the predator E. annulipes. Thus, the 
objective of this study was to evaluate the toxic action of 
aqueous and alcoholic extracts of C. procera at different 
concentrations on the survival and biological aspects of the 
predatory earwig E. annulipes. 

 
 

MATERIAL AND METHODS 
 
Experimental site 

 
The study was conducted at the Invertebrate 

Laboratory (LABIN) of the Department of Biosciences of the 
Center for Agrarian Sciences of the Federal University of 
Paraíba, Campus II, Areia, Paraíba, Brazil, under controlled 
conditions (temperature: 25 ± 1 ºC; relative humidity: 70 ± 
10%; photophase: 12 hours). The earwigs used in this study 
were obtained from the rearing kept in the laboratory itself. 

 
Rearing of Euborellia annulipes 

 
The predator E. annulipes was reared in transparent 

rectangular plastic pots (7 cm high x 15 cm wide x 25 cm 
long) internally lined with layers of moistened toilet paper and 

hermetically sealed. Couples were placed inside the plastic 
pots together with the artificial diet suggested by Guimarães et 
al. (2006) consisting of starter feed for broiler chicken, wheat 
bran, brewer’s yeast, powdered milk and nipagin. The couples 
remained together for copulation and were separated after 
oviposition.  

The paper was moistened every two days and changed 
weekly. When oviposition occurred, the eggs were removed 
from the plastic pots together with the female and placed in 
Petri dishes (9.0 cm in diameter x 1.5 cm in height), lined with 
moistened toilet paper and containing an artificial diet. 

 
Obtaining Calotropis procera extracts  

 
The leaves taken from the middle third of adult C. 

procera plants were collected in the municipality of Patos, PB 
(6°59'29.6"S 37°11'18.2"W) in the morning. The material was 
sent to LABIN for sorting, which consisted of discarding 
leaves with injuries or attack by microorganisms, and for 
cleaning with distilled water. After this stage, the leaves were 
dried with paper towels, packed in kraft paper bags for 
weighing and subsequent drying in a continuous air 
circulation oven, where they remained for an interval of 48 h 
to 168 h, at a temperature of 40 ºC, until reaching constant 
weight (MENDONÇA et al., 2016). 

After drying, the material was crushed in a Wiley mill 
with stainless steel 10-mesh sieves to obtain a fine powder of 
uniform granulation, which was stored in glass containers, 
covered by aluminum foil, properly sealed and maintained at 
room temperature of 25 ± 1 ºC. 

With this product, aqueous and alcoholic extracts were 
produced at concentrations of 5%, 10%, 15% and 20%. For 
the aqueous extracts, samples of 5 g, 10 g, 15 g and 20 g, 
respectively, of crushed leaves were added to 100 mL of 
distilled water, being kept in contact for 48 h. Alcoholic 
extracts were produced by mixing these samples with 100 mL 
of 70% alcohol, a solution maintained for eight days with 
daily stirring. Both extracts remained in an air-conditioned 
room with a temperature of 25 ± 1º C in amber glass. After 
this period, both solutions were filtered in gauze and sterilized 
filter paper for later use in the bioassays, according to the 
methodology adapted from Mendonça et al. (2016).  

 
Bioassay - Contact Effect 

 
Nymphs of first, second, third, fourth, fifth instars and 

adults of E. annulipes were separated in Petri dishes for the 
application of the aqueous and alcoholic extracts. 1200 insects 
were used, distributed in 10 treatments, with five replicates 
each, each of which consisted of four insects, totaling 120 
insects/treatment.  

1.5 mL of both extracts was applied, at concentrations 
of 5, 10, 15 and 20%, on the back of the insects with the aid of 
a graduated pipette, using distilled water in the aqueous 
extract and 70% alcohol in the alcoholic extract as control 
treatment. Treated insects were transferred to plastic pots 
(50mL) containing pieces of folded toilet paper moistened 
with distilled water and artificial diet. 

 
Parameters evaluated  

 
The survival rate of the insects, after application of the 

plant extracts, was determined by performing evaluations at 
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intervals of 6, 12, 24, 48 and 72 hours after their exposure to 
the treatments. Daily evaluations were performed to verify the 
change in the predator’s instar, whose ecdysis was recorded 
by observing the presence of exuviae in the plastic pots and/or 
changes in the color of the nymphs. The duration of each E. 
annulipes instar was obtained by recording the interval in 
days between ecdysis events. 

Measurements of head capsule and body size were 
performed at each molting event in insects of I, II, III, IV and 
V instar. The insects were held between the index and thumb 
fingers, exposing the lateral portion of their body, which made 
it possible to measure the total length and head capsule length. 
The portion from the anterior region of the head to the distal 
margin of the abdomen and the head capsule size (mm) were 
measured using a digital caliper of the Stainless Hardened 
model. 

 
Statistical design and analysis 

 
The experimental design was completely randomized, 

in a 2 x 5 factorial scheme (extracts x concentrations). The 
data obtained in the experiments were subjected to analysis of 
variance (ANOVA) according to the significance of the F Test 
(1 and 5%) and, when significant, the means of the 

quantitative factor were subjected to regression analysis. All 
analyses were performed using the statistical software R 
version 4.2.1 (R DEVELOPMENT CORE TEAM, 2022). 

Based on the survival percentages corrected by 
Abbott’s formula (ABBOTT, 1925), the extracts tested were 
classified according to the scale of the International 
Organization for Biological and Integrated Control of 
Noxious Animals and Plants (IOBC) (BOLLER et al., 2005), 
considering the reduction in the population of natural 
enemies: a) innocuous or mildly toxic, 0 to 50%; b) 
moderately toxic, 51 to 75%; c) toxic, above 75%. 

 
 

RESULTS AND DISCUSSION  
 
Concentrations of 0 to 15% of the aqueous extract 

resulted in a survival rate above 90%, while the concentration 
of 20% caused the lowest rate, 83%. On the other hand, the 
concentrations of the alcoholic extract resulted in lower 
percentages of survival compared to the aqueous extract, 
differing statistically; at the concentration of 20%, the 
survival of E. annulipes was reduced to around 34%                
(Figure 1).  
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Figure 1. Total survival of E. annulipes earwig after topical application of aqueous and alcoholic extract of C. procera at different 
concentrations. Means with equal letters at the same concentration do not differ statistically from each other by the F test (p <0.01).  

C. procera plants have insecticidal properties due to 
the presence of chemical groups such as alkaloids, flavonoids, 
tannins, anthracene derivatives, terpenes, sterols and saponins, 
as well as more specific groups such as calctin, calotropin, 
calotoxin (KHATTER; ABULDAHAB, 2012) and, depending 
on the type of solvent used to produce the extract, there may 
be a greater amount of secondary metabolites released. 

The higher survival rate of the earwig E. annulipes at 
the concentrations of the aqueous extract demonstrates that 
this extract is less harmful to the predator under study, either 

because of the smaller amount of compounds extracted by the 
solvent or because the insect has a more resistant body 
structure, considering that this same extract when applied to 
soft-bodied insects, such as Spodoptera littoralis, resulted in a 
mortality rate of over 50% (SAYED et al., 2017). 

The lower percentage of survival observed at the 
concentrations of the alcoholic extract may be associated with 
a higher amount of secondary metabolites present in this 
extract, as alcohol can extract a greater amount and these 
chemical compounds present in C. procera are able to 
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complex with soluble extracellular proteins in the membrane 
of insects (PANDEY; TRIPATHI, 2014). The action of these 
compounds also affects vital enzymatic pathways, where 
flavonoids specifically block the enzymes involved in 
regulating the insect’s molting process, which can cause 
changes, inhibiting it and resulting in mortality. This fact was 
also reported by Khatter and Abuldahab (2012), who observed 
that, due to the action of chemical groups such as calctin, 
calotropin, calotoxin, there may be a decrease in the 
performance of physiological processes, especially the 
synthesis of chitin.  

For the parameter of duration of the instars of E. 

annulipes earwig, the different concentrations of the aqueous 
extract did not differ statistically in instars I, IV and V, with 
an average of 6 days for instar I (Figure 2A) and 10 days for 
instars IV and V (Figures 2D and 2E). In instars II and III, the 
concentration of 10% of the aqueous extract differed 
statistically from the others, reducing the duration of the instar 
to 5.7 and 7 days, respectively (Figures 2B and 2C). With the 
application of the alcoholic extract, when the concentrations 
increased, there was a decrease in the duration of the instars, 
with more evident reductions in instar I, from 5 to 2 days 
(Figure 2A) and in instar III, from 8 to 3 days, as the 
concentration increased from 0 to 20% (Figure 2C).  
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Figure 2. Duration of the instars (I – A; II – B; III – C; IV – D; V – E) of E. annulipes after topical application of aqueous and alcoholic extracts 
of C. procera at different concentrations. Means with equal letters at the same concentration do not differ statistically from each other by the F 
test (p <0.05).  
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The reduction in the duration of instars of E. annulipes 
when subjected to concentrations of alcoholic extract can be 
considered beneficial, because according to Silva, Batista and 
Brito (2010), by promoting a faster biological development, 
there will also be a greater predation of pest insects, because 
the greatest predation potential of this earwig is achieved in 
the adult phase. Such reduction in instar duration with the 
increase in the concentration of the alcoholic extract may be 
related to a greater amount of growth inhibitors and toxic 
substances to the insect, due to the solvent used, causing 
discomfort in the insect, forcing it to accelerate the ecdysis 

process (BADER et al., 2021).  
In the analysis of the body size of E. annulipes earwig, 

the concentrations of the aqueous extract did not differ 
statistically, leading to averages of 4.5 mm, 10 mm and 12 
mm for instars I, III, IV and V, respectively. For the alcoholic 
extract, with the increase in concentrations there were 
significant reductions in this parameter, especially at 
concentrations of 15 and 20%. There were reductions of 2 mm 
in the body size of the insects of instar I, 7 mm in the insects 
of instar III, 6 mm in the insects of instar IV and V at a 
concentration of 20% (Figure 3).  
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Figure 3. Body size of E. annulipes after topical application of aqueous and alcoholic extracts of C. procera at different concentrations in 
instars I (A), III (B), IV (C) and V (D). Means with equal letters at the same concentration do not differ statistically from each other by the F test 
(p <0.05).  

The reduction observed in the body size of the insect 
after topical application of the alcoholic extract may be 
related to the behavior of Dermoptera species, which are 
constantly self-grooming their body with the mouthparts. 
Souza et al. (2019) report that this type of behavior can 
increase the contamination of the insect with the extract, 
affecting its physiological processes. The action of the extract 
on the biology of the insect, whether via contact or ingestion, 
can impair movement and subsequent feeding, as it can result 
in the disorientation of the insect, preventing physiological 
processes, hindering the feeding process, retarding growth, 
and causing mortality (ZOTTI et al., 2010). 

From the point of view of biological control, the 
reduction in the size of the insect’s body is not something 
interesting, because the more developed the earwigs, the 

greater the capacity for predation on the pest, as the adult of 
E. annulipes consumes 1,481.2, 89.20 and 48.6 eggs and 
caterpillars of 1st and 2nd instars of S. frugiperda, respectively, 
with the eggs and caterpillars being preyed upon in greater 
quantity by earwigs of 4th and 5th instar (SILVA; BATISTA; 
BRITO, 2009). 

Regarding the values obtained for head capsule length 
of E. annulipes, the concentrations of the aqueous extract did 
not differ statistically, leading to averages of 0.90 mm, 1 mm, 
1.40 mm, 1.60 mm in instars I, II, III, IV and V, respectively. 
In the concentrations of the alcoholic extract, at 
concentrations of 15 and 20%, caused a marked reduction in 
head capsule length, and the concentration of 20% caused the 
lowest values in all instars (Figure 4).  
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Appropriate choice of products for pest control with 
selectivity to beneficial organisms, such as the earwig E. 
annulipes, is extremely important for maintaining the level of 
these organisms in the agroecosystem, because if there is no 
selectivity, the products can cause changes in the morphology 
of the insect, such as reductions in the size of the head capsule 
(MACHADO et al., 2019).  

This reduction can lead to problems related to the 
insect’s body malformation, since it is in this region that the 
mouthparts, important structures for feeding, are located. 
Thus, the occurrence of this malformation or reduced size in 
the head capsule can affect the insect’s feeding process, 

causing weight loss, delaying its development and causing 
mortality (LANTERI; DEL RIO, 2011). 

In laboratory rearing, the size of the head capsule is 
also an important aspect, as it is one of the morphological 
parameters to estimate the insect’s instar (SILVA; BRITO, 
2014). Thus, it is worth reiterating the importance of using 
products that are selective for beneficial organisms, such as 
the extracts tested in this study, and although the aqueous 
extract promotes a better development of the head capsule 
than the alcoholic extract, both at concentrations of 5 to 10% 
did not significantly reduce this parameter when compared to 
the control. 
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Figure 4. Head capsule length of E. annulipes after topical application of aqueous and alcoholic extracts of C. procera at different 
concentrations in instars I (A), II (B), III (C), IV (D) and V (E). Means with equal letters at the same concentration do not differ statistically 
from each other by the F test (p <0.05).  
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CONCLUSION 
 
Under laboratory conditions, the aqueous extract of C. 

procera is innocuous or slightly toxic to the predator E. 
annulipes, in topical application. The alcoholic extract of C. 
procera proved to be innocuous or mildly toxic at 
concentrations of 5, 10 and 15%, and moderately toxic at 
concentration of 20% to the predatory insect E. annulipes.  

The alcoholic extract of C. procera decreases, while 
the aqueous extract increases, the duration of E. annulipes 
instars. Higher concentrations of the alcoholic extract of C. 
procera cause a reduction in the size of the predatory insect 
and in the length of its head capsule. 
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