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Abstract

The changes in human behavior towards the environment, the disorderly urban development, globalization and climate change
are some of the factors that promote the occurrence and spread of pests that somehow bring damage. This occurrence is aimed
at termites, which are insects known for their habit of feeding on cellulose, that is, papers, books, and wooden structures,
causing accidents. Cryptotermes brevis are a major cause of damage to various wood species commonly used throughout the
country, which cause major public health problems. Annonaceae have been extensively investigated because they present many
species as a source of insecticidal compounds with different modes of action on insects. Therefore, this work aims to develop a
natural, economical and sustainable product by using the extracts of the seeds of the fruit of the earl (Annona squamosa) as a
resource to combat dry wood termites. From the results, it was possible to prove the veracity of the hypothesis that the natural
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insecticides developed from the extract of the seeds of the fruit of the earl (Annona squamosa) are very efficient, and are
effective in the issue of mortality rates of Cryptotermes brevis.
Keywords: Natural products; Arbovirus; Extract.

Resumo

As mudangas no comportamento humano em relacdo ao meio ambiente, a desordem do desenvolvimento urbano, a
globalizacdo e as mudancas climaticas sdo alguns dos fatores que promovem a ocorréncia e propagacdo de pragas que de
alguma forma trazem prejuizos. Esta ocorréncia visa 0s cupins, que sdo insetos conhecidos pelo habito de se alimentarem em
de celulose, ou seja, papéis, livros, estruturas de madeira causando acidentes. Os cryptotermes brevis sdo uma das maiores
causas de danos em varias espécies de madeira geralmente usadas em todo o pais, 0s quais causam grandes problemas de satde
publica. Annonaceae tem sido bastante investigada por apresentar muitas espécies como fonte de compostos inseticidas com
diferentes modos de acdo sobre insetos. Portanto, O trabalho busca desenvolver um produto natural, econémico e sustentavel
por meio da utilizagdo de extratos da semente da fruta do conde (Annona squamosa) como recurso de combate os cupins de
madeira seca. A partir dos resultados, Foi possivel comprovar a veracidade da hipdtese, que os inseticidas naturais
desenvolvidos do extrato da semente da fruta do conde (Annona squamosa) séo bastante eficientes, e sdo eficazes na questdo
de indices de mortalidade do Cryptotermes brevis.

Palavras-chave: Produtos naturais; Arbovirus; Extrato.

Resumen

Los cambios en el comportamiento humano en relacion con el medio ambiente, el desorden del desarrollo urbano, la
globalizacién y el cambio climéatico son algunos de los factores que promueven la aparicién y propagacion de plagas que, de
alguna manera, traen consigo dafios. Esta ocurrencia esta dirigida a las termitas, que son insectos conocidos por su habito de
alimentarse de la celulosa, es decir, papeles, libros, estructuras de madera, provocando accidentes. Los Cryptotermes brevis
son una de las principales causas de dafios en diversas especies de madera utilizadas habitualmente en todo el pais, lo que
provoca importantes problemas de salud publica. Las anonéaceas han sido ampliamente investigadas porque presentan muchas
especies como fuente de compuestos insecticidas con diferentes modos de accién sobre los insectos. Por lo tanto, este trabajo
tiene como objetivo desarrollar un producto natural, econémico y sostenible mediante el uso de extractos de las semillas del
fruto del conejo (Annona squamosa) como recurso para combatir las termitas de la madera seca. A partir de los resultados, se
pudo comprobar la veracidad de la hip6tesis de que los insecticidas naturales desarrollados a partir del extracto de las semillas
del fruto de la oreja (Annona squamosa) son muy eficientes, y son eficaces en la cuestién de la mortalidad de Cryptotermes
brevis.

Palabras clave: Productos naturales; Arbovirus; Extracto.

1. Introduction

The use of synthetic insecticides has always been the main method of pest control. However, indiscriminate
application for long periods can lead to the disposal, contamination, and accumulation of potentially toxic pollutants in the
environment, resulting in serious undesirable effects on the ecosystem and public health (Nie et al., 2019). Therefore, control
measures with less environmental impact are the most important, which has stimulated the resurgence of insecticidal plants as
a promising insect control tool.

Annona squamosa belongs to the Annonaceae family, commonly known as the fruit of the earl. It is a beautiful family
that deserves to be highlighted, as it is currently the most studied and used family for the alternative control of insect pests,
being the acentogenins found in the barks of twigs, roots, and seeds of plants of this family (PAZ et al., 2018)

Pest insects, such as drywood termites Cryptotermes brevis, cause many problems. Due to the presence of
microorganisms in their bodies, termites can break down any compound made of cellulose. Therefore, these termites are
attracted to all cellulose-based materials, such as wood (dry wood), paper, cloth, etc. (ELECOTERIUM, 2000). When termites
attack wood, long corridors are formed, causing damage, reducing the mechanical strength of this material. (Corassa, 2014).

Therefore, the work seeks to develop a natural, economical and sustainable product as a resource to combat dry wood

termites through Annona squamosa.
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2. Methodology

The mortality of termites was tested using extracts of the seed, leaf and bark of the fruit of the earl (Annona
squamosa). To prepare the extracts (aqueous and ethanolic), the plant parts used in the bioassays were collected at the coolest
hours of the day, in Umarizal/RN. The fruit was peeled and the seeds and leaves were removed from the top of the plant, and
then dried for 2 weeks.

To prepare the extracts, we used an acrylic glass with movable blades attached to the bottom, in which the harvested
parts were crushed. The grinding was done in different amounts of solute, with equal amounts of solvent for the different
extracts, 1 liter of water for aqueous extract, in all different extracts for leaves as well as fruits and seeds, and 500 ml of
alcohol for each different ethanolic extract. The aqueous material was left to rest for 24 hours as proposed by (EMBRAPA,
2006), in a place without incidence of light and the ethanolic extract was kept at rest for 120 hours for better extraction of the
active ingredients (SANTOS et al, 2012). After the respective periods, the materials were strained and placed in containers. In
the experiments there were 4 repetitions. It is worth mentioning that two experiments were performed for each control
substance. In the first, the application was done indirectly and in the second, the extract was applied directly to the termite

For the experiment we used 4 containers to hold 40 dry wood termites (Cryptotermes brevis), we put 10 termites in
each container. In these containers we put a piece of absorbent cotton and sawdust and in the middle 10 drops of the natural
insecticide, and the control group was distilled water. For termite mortality test experiments was according to Cruz et al,
(2012). In the second experiment, 20 dry wood termites and two well plates were used, 10 termites in each plate. In the first
plate, the ten termites were distributed unitarily in each compartment and one drop of the distilled water-based extract was
applied on each of the termites, and in the second container, one drop of distilled water was applied on each of the termites.
The mortality/survival rate of drywood termites (Cryptotemes brevis) was observed.

In the experiment with ethanolic extract made with dry wood termites (Cryptotermes brevis) we used 4 containers to
hold 40 termites. We put 10 termites in each container, and in these containers we put a piece of cotton and iron and in the
middle 10 drops of the natural insecticide, and the control group was alcohol 46%. In the second experiment, 20 dry wood
termites and two well plates were used, 10 termites in each plate. In the first plate, the ten termites were distributed unitarily in
each compartment and a drop of the ethanolic extract was applied on each of the termites, and in the second container, a drop
of 46% alcohol was applied on each of the termites. The mortality/survival rate of drywood termites (Cryptotemes brevis) was

observed.

3. Results and Discussion

Figure 1 represents the mortality rate in minutes with the test done with the ethanolic extract, Figure 2 represents the

mortality rate in minutes done with the aqueous extract.
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Figure 1. Represents a direct application of insecticides on adult termites (Cryptotermes brevis).
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* Survival of Adult termites submitted to direct application of Sugar-Apple extracts dissolved in alcohol 46% and distilled water.
Source: Authors.

Figure 2. Represents a indirect application of insecticides on adult termites (Cryptotermes brevis).
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*Survival of adult termites submitted to indirect application of Sugar-Apple extracts dissolved in alcohol 46% and distilled water.
Source: Authors.

Figures 01 and 02 show that the insecticides had an average mortality time on drywood termites (Cryptotermes brevis)
with seeds of 56 minutes and 25 seconds, on bark 1h03 minutes, and on leaves 52 minutes 50 seconds. Note that the seeds
proved to be a potential insecticide and their mortality rate in time is much lower compared to the others.

From the results, it was possible to prove the veracity of the hypothesis, that the natural insecticides developed from
the extract of the seeds of the fruit of the earl (Annona squamosa) are very efficient, indicating that they are more effective
than the industries in the question of mortality rates of Cryptotermes brevis.

Proving that the fruit of the earl (Annona squamosa) also has the component acetogenins that constitute a class of
natural products promising as prototypes of insecticidal agents, being found in the barks of branches and roots, roots and,

especially, in seeds of plants of the Annonaceae family (Bermejo et al., 2005; Castillo-Sanchez et al., 2010). The insecticidal
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activity is due to the presence of the substance Acetogenins that acts in the mitochondria, inhibiting NADH - ubiquinone and

oxidoreductase, causing the death of insects (Zafra-Polo et al., 1996; Limmen, 1998).

4. Conclusion

The aqueous proved to be a better extractor of the active ingredients from the seed, leaf and bark of the Annona
squamosa conde fruit, consequently, the aqueous extract proved to be more effective in combating dry wood termites
(Cryptotemes brevis). The bioinsecticides made from seeds, leaf and bark extracts of pine cones (Annona squamosa) proved to
be very efficient for dry wood termite control. The use of this natural insecticide is effective, bringing benefits to the
population, since the natural insecticides based on pine cones (Annona squamosa) are naturally bioactive and present cytotoxic
activity. The use of natural pesticides is an alternative when related to synthetic chemicals being used for the same purpose,
because the product developed becomes more economical and accessible than synthetic pesticides, besides contributing to
human health. Etudies tend to continue with tests with other insect pests to help the population to fight in an environmental ly

friendly and successful way.
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