AVANCOS dds
Pesquisas e Inovacoes Na
-ngenharia Quimica 2

Jéssica Verger Nardeli
(Organizadoral

Atena

Editora
Ano 2020



AVANCOS dds
Pesquisas e Inovacoes Na
-ngenharia Quimica 2

Jéssica Verger Nardeli
(Organizadoral

-»

AR e

Atena

Editora
Ano 2020



2020 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2020 Os autores
Copyright da Edicao © 2020 Atena Editora
Editora Chefe: Prof® Dr? Antonella Carvalho de Oliveira
Diagramacao: Karine de Lima
Edicado de Arte: Lorena Prestes
Revisao: Os Autores

Todo o conteldo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative
BY Commons. Atribui¢ao 4.0 Internacional (CC BY 4.0).

O conteldo dos artigos e seus dados em sua forma, correcao e confiabilidade sao de responsabilidade exclusiva
dos autores. Permitido o download da obra e o compartilhamento desde que sejam atribuidos créditos aos
autores, mas sem a possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof? Dr® Adriana Demite Stephani - Universidade Federal do Tocantins

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Alexandre Jose Schumacher - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Angeli Rose do Nascimento - Universidade Federal do Estado do Rio de Janeiro
Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolégica Federal do Parana

Prof. Dr. Antonio Gasparetto Junior - Instituto Federal do Sudeste de Minas Gerais

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Carlos Antonio de Souza Moraes - Universidade Federal Fluminense

Prof. Dr. Constantino Ribeiro de Oliveira Junior - Universidade Estadual de Ponta Grossa
Prof? Dr? Cristina Gaio - Universidade de Lisboa

Prof? Dr® Denise Rocha - Universidade Federal do Ceara

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondonia

Prof. Dr. Edvaldo Antunes de Farias - Universidade Estacio de Sa

Prof. Dr. Eloi Martins Senhora - Universidade Federal de Roraima

Prof. Dr. Fabiano Tadeu Grazioli - Universidade Regional Integrada do Alto Uruguai e das Missoes
Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof® Dr® Keyla Christina Almeida Portela - Instituto Federal de Educacao, Ciéncia e Tecnologia de Mato Grosso
Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Marcelo Pereira da Silva - Universidade Federal do Maranhao

Prof? Dr® Miranilde Oliveira Neves - Instituto de Educacao, Ciéncia e Tecnologia do Para
Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof? Dr? Rita de Cassia da Silva Oliveira - Universidade Estadual de Ponta Grossa

Prof? Dr? Sandra Regina Gardacho Pietrobon - Universidade Estadual do Centro-Oeste
Prof? Dr? Sheila Marta Carregosa Rocha - Universidade do Estado da Bahia

Prof. Dr. Rui Maia Diamantino - Universidade Salvador

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. William Cleber Domingues Silva - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof. Dr. Antonio Pasqualetto - Pontificia Universidade Catélica de Goias
Prof® Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

| Atena

LEditora
Ano 2020




Prof® Dr® Diocléa Almeida Seabra Silva - Universidade Federal Rural da Amazonia
Prof. Dr. Ecio Souza Diniz - Universidade Federal de Vicosa

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof. Dr. Fagner Cavalcante Patrocinio dos Santos - Universidade Federal do Ceara
Prof? Dr? Girlene Santos de Souza - Universidade Federal do Recdncavo da Bahia
Prof. Dr. Julio César Ribeiro - Universidade Federal Rural do Rio de Janeiro

Prof? Dr® Lina Raquel Santos Araujo - Universidade Estadual do Ceara

Prof. Dr. Pedro Manuel Villa - Universidade Federal de Vicosa

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof? Dr? Talita de Santos Matos - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido

Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Biolégicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof? Dr? Anelise Levay Murari — Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof? Dr? Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr2 Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina
Prof. Dr. Ferlando Lima Santos - Universidade Federal do Reconcavo da Bahia

Prof. Dr. Fernando José Guedes da Silva Junior - Universidade Federal do Piaui
Prof? Dr? Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande
Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof? Dr® Magnélia de Araljo Campos - Universidade Federal de Campina Grande
Prof? Dr® Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr® Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof? Dr® Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof? Dr® Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

Prof. Dr. Alexandre Leite dos Santos Silva - Universidade Federal do Piaui

Prof. Dr. Carlos Eduardo Sanches de Andrade - Universidade Federal de Goias
Prof® Dr® Carmen Lucia Voigt - Universidade Norte do Parana

Prof. Dr. Eloi Rufato Junior - Universidade Tecnolégica Federal do Parana

Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof. Dr. Juliano Carlo Rufino de Freitas - Universidade Federal de Campina Grande
Prof® Dr* Luciana do Nascimento Mendes - Instituto Federal de Educacgao, Ciéncia e Tecnologia do Rio
Grande do Norte

Prof. Dr. Marcelo Marques - Universidade Estadual de Maringa

Prof? Dr* Neiva Maria de Almeida - Universidade Federal da Paraiba

Prof? Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Me. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof. Me. Adalberto Zorzo - Centro Estadual de Educacao Tecnolédgica Paula Souza

Prof. Dr. Adaylson Wagner Sousa de Vasconcelos - Ordem dos Advogados do Brasil/Seccional Paraiba
Prof. Me. André Flavio Goncalves Silva - Universidade Federal do Maranhao

| Atena

Editora
Ano 2020




Prof? Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof? Dr? Andrezza Miguel da Silva - Universidade Estadual do Sudoeste da Bahia

Prof. Dr. Antonio Hot Pereira de Faria - Policia Militar de Minas Gerais

Prof? Ma. Bianca Camargo Martins - UniCesumar

Prof? Ma. Carolina Shimomura Nanya - Universidade Federal de Sao Carlos

Prof. Me. Carlos Antdnio dos Santos - Universidade Federal Rural do Rio de Janeiro

Prof. Ma. Claldia de Araljo Marques - Faculdade de Musica do Espirito Santo

Prof. Me. Daniel da Silva Miranda - Universidade Federal do Para

Prof? Ma. Dayane de Melo Barros - Universidade Federal de Pernambuco

Prof. Me. Douglas Santos Mezacas -Universidade Estadual de Goias

Prof. Dr. Edwaldo Costa - Marinha do Brasil

Prof. Me. Eliel Constantino da Silva - Universidade Estadual Paulista Jalio de Mesquita

Prof?> Ma. Fabiana Coelho Couto Rocha Corréa - Centro Universitario Estacio Juiz de Fora

Prof. Me. Felipe da Costa Negrao - Universidade Federal do Amazonas

Prof? Dr® Germana Ponce de Leon Ramirez - Centro Universitario Adventista de Sao Paulo

Prof. Me. Gevair Campos - Instituto Mineiro de Agropecuaria

Prof. Me. Guilherme Renato Gomes - Universidade Norte do Parana

Prof? Ma. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Me. Javier Antonio Albornoz - University of Miami and Miami Dade College

Prof? Ma. Jéssica Verger Nardeli - Universidade Estadual Paulista Jdlio de Mesquita Filho

Prof. Me. José Luiz Leonardo de Araujo Pimenta - Instituto Nacional de Investigacion Agropecuaria Uruguay
Prof. Me. José Messias Ribeiro Junior - Instituto Federal de Educacao Tecnolégica de Pernambuco
Prof® Ma. Juliana Thaisa Rodrigues Pacheco - Universidade Estadual de Ponta Grossa

Prof. Me. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof? Ma. Lilian Coelho de Freitas - Instituto Federal do Para

Prof? Ma. Liliani Aparecida Sereno Fontes de Medeiros - Consé6rcio CEDERJ

Prof® Dr? Livia do Carmo Silva - Universidade Federal de Goias

Prof. Me. Luis Henrique Aimeida Castro - Universidade Federal da Grande Dourados

Prof. Dr. Luan Vinicius Bernardelli - Universidade Estadual de Maringa

Prof?® Ma. Marileila Marques Toledo - Universidade Federal dos Vales do Jequitinhonha e Mucuri
Prof. Me. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Ma. Renata Luciane Polsaque Young Blood - UniSecal

Prof? Ma. Solange Aparecida de Souza Monteiro - Instituto Federal de Sao Paulo

Prof. Me. Tallys Newton Fernandes de Matos - Faculdade Regjional Jaguaribana

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Dados Internacionais de Catalogag¢ao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

A946 Avancgos das pesquisas e inovag¢des na engenharia quimica 2
[recurso eletrdnico] / Organizadora Jéssica Verger Nardeli. —
Ponta Grossa, PR: Atena, 2020.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader.
Modo de acesso: World Wide Web.

Inclui bibliografia

ISBN 978-65-86002-51-5

DOI 10.22533/at.ed.515202403

1. Engenharia quimica — Pesquisa — Brasil. I. Nardeli, Jéssica
Verger.
CDD 660.76
Elaborado por Mauricio Amormino Junior — CRB6/2422
Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br
contato@atenaeditora.com.br

| Atena

Editora
Ano 2020




APRESENTACAO

A colecao “Avancos das Pesquisas e Inovag¢des na Engenharia Quimica volume
2” € uma obra que tem como foco principal a discussao e divulgacéo cientifica por meio
de trabalhos com diferentes funcionalidades que compde seus capitulos. O volume
abordard em especial trabalhos que contribuem a nivel educacional e aplicado tanto
na area de engenharia quimica, quimica e tecnologias.

O objetivo central foi apresentar de forma categorizada e clara estudos
correlacionados a energias renovaveis, aproveitamento de residuo agroindustrial,
desenvolvimento de simulador de processos, simulagédo de custos de producgao, e
em especial estudos correlacionados a nivel educacional por meio de jogos didaticos,
quiz educativo com foco na aprendizagem de reacdes quimicas e tabela periddica. Em
todos esses trabalhos a linha condutora foi o aspecto relacionado a aproveitamento
de residuos, disseminacdo de conhecimento, otimizacdo de procedimentos e
metodologias, dentre outras abordagens importantes na area de exatas e engenharia.
O avanco das pesquisas e divulgacéo dos resultados tem sido um fator importante
para o desenvolvimento da ciéncia e estimulo de inovacgao.

Temas diversos e interessantes sao, deste modo, discutidos aqui com a proposta
de fundamentar o conhecimento de académicos, mestres e todos aqueles que de
alguma forma se interessam pela area de exatas e engenharia quimica aplicada e
educacional. Possuir um material que demonstre evolugao de diferentes metodologias,
abordagens, otimizacdo de processos, caracterizacdo com técnicas substanciais,
reutilizacao de residuos de regides especificas do pais é muito relevante, assim como
abordar temas atuais e de interesse tanto no meio académico como social.

Deste modo a obra “Avancos das Pesquisas e Inovacdes na Engenharia Quimica
volume 2” apresenta estudos fundamentados nos resultados praticos obtidos pelos
diversos professores e académicos que arduamente desenvolveram seus trabalhos que
aqui serao apresentados de maneira concisa e didatica. Sabemos o quao importante
€ a divulgacao cientifica, por isso evidenciamos também a estrutura da Atena Editora
capaz de oferecer uma plataforma consolidada e confiavel para estes pesquisadores
explorarem e divulgarem seus resultados.

Jéssica Verger Nardeli



SUMARIO

(03X = 1 U] 1 15 [ SRR 1

EXTRACAO SOLIDO-LIQUIDO DE OLEO DE BARU ASSISTIDA POR ENERGIA SOLAR

Caroline Santos Silva
Lucas Rodrigo Custédio
Kassia Graciele dos Santos

DOI 10.22533/at.ed.5152024031

(03X =] 1 U] 1 10 2R 12

APROVEITAMENTQ DO RESIDUO AGROINDUSTRIAL DQ CAFE NA PRODUQAO DE BIOCHAR
PARA IMOBILIZACAO DE LIPASE RHIZOPUS ORYZAE E SINTESE DE PALMITATO DE CETILA

Danyelle Andrade Mota

Jefferson Cleriston Barros dos Santos

Lays Carvalho de Almeida

Alvaro Silva Lima

Laiza Canielas Krause

Cleide Mara Faria Soares

DOI 10.22533/at.ed.5152024032

(03X =] 1 U] 1 1< J 26

ANALISE DA PERDA AO FOGO DE COBPOS DE PRQVA CERAMICOS FORMULADOS COM CINZA
LEVE PROVENIENTE DA GASEIFICACAO DO CARVAO MINERAL PULVERIZADO

Gabryella Cerri Mendonca

Cristiano Corréa Ferreira

Flavio André Pavan

DOI 10.22533/at.ed.5152024033

(07X =1 1 W U 1 o 1 NSRRI 34

ESTABILIDADE E COMPORTAMENTO REOLQGICO DE POLPA DE CUPUACU (Theobroma
grandinflorum) EM DIFERENTES CONCENTRACOES E TEMPERATURAS

Simara Ferreira Borges

Harvey Alexander Villa Vélez

Romildo Martins Sampaio

Valkerline Pinto Pires

Audirene Amorim Santana

DOI 10.22533/at.ed.5152024034

(03X = 1 U] 1 1 J R 44

ESTIMATIVA DE VARIAVEIS DE ESTADO EM MODELO DE HIDROLISE DE MATERIAS GRAXAS

Camila Santana Dias

Leandro Santos Monteiro

Bruno Marques Viegas

Diego Cardoso Estumano

Nielson Fernando da Paixao Ribeiro

DOI 10.22533/at.ed.5152024035

(03X =] 1 U] 1 X S 59

APLICACAO DA TECNICA DE MONTE CARLO VIA CADEIA DE MARKOV PARA ESTIMATIVA DE
PARAMETROS DE MODELOS DE BALANCO POPULACIONAL PARA SISTEMAS PARTICULADOS
Carlos Henrigue Rodrigues de Moura
Diego Cardoso Estumano
Jo&o Nazareno Nonato Quaresma



Emanuel Negrédo Macédo
Bruno Marques Viegas
Leandro Santos Monteiro
Diego Sousa Lopes

DOI 10.22533/at.ed.5152024036

(03X =1 1 1 U] 1 Ry 200 73

APLICACAO DA TECNICA DE MONTE CARLO VIA CADEIA DE MARKOV PARA~ESTIMATIVA DE
PARAME'[ROS EM MODELO DE BALANCO POPULACIONAL DE CRISTALIZACAO DE GIBBSITA
COM CINETICA CONSTANTE

Carlos Henrique Rodrigues de Moura

Diego Cardoso Estumano

Jodo Nazareno Nonato Quaresma

Emanuel Negrdo Macédo

Bruno Marques Viegas

Leandro Santos Monteiro

Diego Sousa Lopes

DOI 10.22533/at.ed.5152024037

(03X =] 1 U] o X J 85

APLIQAQAO DO METODO DE MONTE CARLO VIA CADEIA DE MARKOV PARA ESTIMATIVA DE
PARAMETROS EM MODELOS DE CURVAS DE RUPTURA

Jodo Paulo de Souza Coutinho

lanka Cristine Benicio Amador

Bruno Marques Viegas

Nielson Fernando da Paixao Ribeiro

Diego Cardoso Estumano

DOI 10.22533/at.ed.5152024038

(03N =] 1 o U] 1o X Y 100

DESCRIQAO FiSICA DE FII§RAS DE COCO (CQCO NUCIFERA L) SUBMETIDAS A TRATAMENTO
EM DIFERENTES CONDICOES DE MACERACAO

Nayara Maria Monteiro da Silva

Carla Arnaud de Azevedo

Alefhe Bernard Cordovil Mascarenhas

Raissa Cristine Santos de Araujo

Gabriela Nascimento Vasconcelos

Rafael Maia de Oliveira

Elza Branddo Santana

Lénio José Guerreiro de Faria

DOI 10.22533/at.ed.5152024039

(03X = 1 U] o 15 [0 PSSR 116

DESENVOLVIMENTO DE UM SIMULADOR DE PROCESSOS USANDO LINGUAGEM VISUAL BASIC
FOR APPLICATIONS (VBA) PARA A OXIDACAO DO TOLUENO

Herbert Senzano Lopes

Vanja Maria de Franca Bezerra

Matheus Henrique Antonio Aboukalam da Cruz

Osvaldo Chiavone-Filho

Carlson Pereira de Souza

DOI 10.22533/at.ed.51520240310




(03X =] 1 U 1 1 s 123

0] USQ DA EXPERIMENTACAO COMO FERRAMENTA FACILITADORA PARA O ENSINO DE
REACAO DE DUPLA TROCA
Luciane Neves Ribeiro
Charles Garcia da Cunha
Joseane Cunha da Conceicéo
Layze Maria da Silva e Silva
Lindsey Bianca Araujo Fialho
Suzianne Saldanha da Silva
Vitor dos Santos de Carvalho
Mirancleide de Araujo Batista Carneiro
Kelly das Gracas Fernandes Dantas
Patricia Santana Barbosa Marinho

DOI 10.22533/at.ed.51520240311

CAPITULOD 12 eeeeeeeeeeeeeeeeeetseeeseesesmeesessssessesnsssseeseesssesneesnesssnssnesnsesneesenssnssnsssnnenn 130

O LUDICO ATRAVES DE JOGOS DIDATICOS COMO AUXILIO EM AULAS DE TABELA PERIODICA
PARA ALUNOS DO 9° ANO
Manoel Le&o Lopes Junior
Lourivaldo Silva Santos
Marivaldo José Costa Corréa
Railda Neyva Moreira Araujo
Haroldo da Silva Ripardo Filho
Luely Oliveira da Silva
Catarina Estumano Bandeira
Lucio Flavio Pires Santos
Jéssica de Souza Viana
Felipe Augusto da Silva Bezerra

DOI 10.22533/at.ed.51520240312

(03X =] 1 U W o I SRR 140

SIMULACAO EM SUPERPROPESIGNER DOS CUSTOS DE PRODUCAO DO FUNGO Metarhirzium
anisopliae POR FERMENTACAO EM ESTADO SOLIDO

Antonio Dheyson da Silva Oliveira

Rodrigo Silva Dutra

Sebastian Ospina Corral

Cristian Orlando Avila

Carlos Eduardo Orrego

Lina Maria Grajales

DOI 10.22533/at.ed.51520240313

(03X =] 1 U] o I R 152

O PROCESSO DE FISCALIZAGAO DO CONSELHO REGIONAL DE QUIMICA 6* REGIAO PA/AP

Denise de Mello Lima

Dionis Rogério Costa Peixoto
Cristiane Maria Leal Costa

Célio Augusto Gomes de Souza
Antonio Claudio Lima Moreira Bastos
Allysson Bruno Almeida Ramos

DOI 10.22533/at.ed.51520240314

(03X =] 1 U] 1o 15 - 159
QUIZ EDUCATIVO: UMA PROPOSTA METODOLOGICA PARA O ENSINO DE TABELA PERIODICA

Layze Maria da Silva e Silva



Luciane Neves Ribeiro

Joseane Cunha Da Conceicao

Vitor Dos Santos De Carvalho
Suzianne Saldanha Da Silva

Lindsey Bianca Araujo Fialho

Charles Gracia da Cunha

Mirancleide De Araujo Batista Carneiro
Kelly Das Gracas Fernandes Dantas
Patricia Santana Barbosa Marinho

DOI 10.22533/at.ed.51520240315

(03N =] 1 U1 15 - 164

ATIVIDADE ALELOPATICA DA BIOMASSA DO FUNGO ASPERGILLUS SP, ISOLADO COMO
ENDOFITICO DA ESPECIE Paspalum maritimum TRIN

Manoel Leao Lopes Junior
Lourivaldo Silva Santos
Marivaldo José Costa Corréa
Railda Neyva Moreira Araujo
Haroldo da Silva Ripardo Filho
Luely Oliveira da Silva

Lucio Flavio Pires Santos
Jéssica de Souza Viana

Felipe Augusto da Silva Bezerra

DOI 10.22533/at.ed.51520240316

(03X =] 1 U] o 15 220N 173

ATIVIDADE FITOTOXICA DA BIOMASSA PRODUZIDA PELO FUNGO ENDOFITICO Glomerella
cingulata
Manoel Leado Lopes Junior
Lourivaldo Silva Santos
Marivaldo José Costa Corréa
Railda Neyva Moreira Araujo
Haroldo da Silva Ripardo Filho
Luely Oliveira da Silva
Lucio Flavio Pires Santos
Jéssica de Souza Viana
Felipe Augusto da Silva Bezerra

DOI 10.22533/at.ed.51520240317

(03X =] 1 U] o I - R 181

CHEMICAL CONSTITUENTS AND LARVICIDAL ACTIVITY OF ESSENTIAL OIL FROM Murraya
koenigii (L.) Spreng. (RUTACEAE) AGAINST Aedes aegypti (DIPTERA: CULICIDAE)

Camila Aline Romano

Matheus Gabriel de Oliveira

Matheus de Sousa Melo Morais

Andressa Tuane de Santana Paz

Liliane de Sousa Silva

Heloisa Helena Garcia da Silva

lonizete Garcia da Silva

Adelair Helena dos Santos

José Realino de Paula

DOI 10.22533/at.ed.51520240318

(03N = 1 o U] 1 1 - 192
ESTIMATIVA DA CURVA DE RUPTURA DO PROCESSO DE ADSORQAO ATRAVES DO ALGORITMO



DE REAMOSTRAGEM POR IMPORTANCIA

lanka Cristine Benicio Amador
Bruno Marques Viegas

Diego Cardoso Estumano

Emanuel Negrao Macédo

Nielson Fernando da Paix&o Ribeiro

DOI 10.22533/at.ed.51520240319

CAPITULOD 20 ..ueeeeeeeeeeeeeeeeeeetseeessasssmsesesssssssssnssssssssesssesnsssnssssesssesnsssnsssesssnssssssnnsnn 205

DETERMINACAO DO PERFIL OTIMO DE TEMPERATURA PARA UM BIOPROCESSO EM BATELADA
DE PRODUCAO DE PENICILINA REPRESENTADO POR UM MODELO MATEMATICO

Samuel Conceicédo de Oliveira
Angel Gustavo Tolaba

DOI 10.22533/at.ed.51520240320

(03X =] 1 U] o 10 N 218

AVANCOS RECENTES E PERSPECTIVAS FUTURAS NA MODELAGEM MATEMATICA DO
PROCESSODEREMOGCAODE SULFATO DEAGUAS RESIDUARIAS INDUSTRIAISEMBIORREATOR
ANAEROBIO DE LEITO FIXO OPERADO EM BATELADAS SEQUENCIAIS

Samuel Conceicdo de Oliveira
Arnaldo Sarti

DOI 10.22533/at.ed.51520240321
SOBRE A ORGANIZADORAL.......ccootrriimrrrnsanss s rsssss s sssssss s s ssss e sssssssssnsesess 228

INDICE REMISSIVO ...oeeeeeeeeeeeeeeeeeeseeseesssessssssesssessssssssnsssnesasssassssssnssssesssssasssnessns 229




CAPITULO 18

CHEMICAL CONSTITUENTS AND LARVICIDAL
ACTIVITY OF ESSENTIAL OIL FROM Murraya koenigii
(L.) Spreng. (RUTACEAE) AGAINST Aedes aegypti
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ABSTRACT: This study aimed to investigate
the chemical composition of the essential oil
of Murraya koenigii leaves cultivated in Brazil,
its larvicidal activity, residual effect and the
mechanisms of action on third-instar larvae of
Aedes aegyptithrough insilicoapproach. Twenty-
five compounds were identified, being the major
compounds the pB-phellandrene (22.57%),
a-pinene (20.12%) and dehydroaromadendrene
(13.83%). The lethal concentrations of 50% and
90% mortality were found to be 58.8 ppm and
87.8 ppm, respectively. The residual effect of
the essential oil was two days, under laboratory
conditions. No external morphological changes
were observed in the larvae submitted to
treatments. /n silico predictions suggest mortality
associated with mechanisms of cell toxicity, such
as activation of caspases and neuromuscular
blockade of acetylcholine. Further studies
should be performed to verify possible morpho-
histological alterations induced by the essential
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oil. Thus, the results evidence the potential of M. koenigii essential oil as a promising
source of bioactive compounds in the control of Ae. aegypti.
KEYWORDS: Bioinseticide. Bioactivity prediction. Vector control.

COMPOSICAO QUIMICA E ATIVIDADE LARVICIDA DO OLEO ESSENCIAL DE
Murraya koenigii L. (SPRENG.) (RUTACEAE) SOBRE Aedes aegypti (DIPTERA:
CULICIDAE)

RESUMO: Este trabalho estudou a composi¢cao quimica do 6leo essencial de folhas
de Murraya koenigii cultivadas no Brasil, a atividade larvicida, o efeito residual e os
mecanismos de acao sobre larvas de terceiro instar de Aedes aegypti, adotando
modelo de predicao in silico. ldentificaram-se 25 compostos, sendo os majoritarios
B-phellandrene (22.57%), a-pinene (20.12%) e dehydro-aromadendrene (13.83%).
As Lethal Concentrations de 50 e 90% de mortalidade foram, respectivamente, de
58.8 ppm e 87.8 ppm. O efeito residual do composto foi de dois dias, em condicoes
de laboratério. Nao se observou alteracbes morfoldgicas externas nas larvas
submetidas aos tratamentos. Os resultados da predicéo in silico sugerem mortalidade
por mecanismos de toxicidade celular, como por exemplo, ativacdo de caspases
e bloqueios neuromusculares da acetilcolinesterase. Estudos futuros devem ser
realizados para verificar possiveis danos morfohistologicos celulares induzidos pelo
Oleo essencial. Os resultados obtidos até o momento evidenciam potencial de M.
koenigii como promissora fonte de compostos uteis, podendo ser candidatos ao uso
no controle do Ae. aegypti.

PALAVRAS-CHAVE: Bioinseticida. Prospeccao de bioatividade. Controle de vetores.

11 INTRODUCTION

Aedes aegypti (Linnaeus, 1762) is among the vectors of major epidemiological
importance in the tropical and subtropical regions of the world. In Brazil, the mosquito
was introduced in the colonial period, being responsible for the transmission of urban
yellow fever (YF) (TAUIL 2010). In addition to the transmission of YF and dengue, in
its five serotypes (WHO 2009; MUSTAFA et al. 2015), it has been considered the main
vector of the chikungunya virus (CHIKV), according to Albuquerque et al. (2012), and
zika virus (ZIKV), according to Bayes (2009) and Gourinat et al. (2015), which were
introduced in the last three years. Thus, vector control methods against Ae. aegypti
has received great attention. The main forms of control involve the physical control,
through the manual elimination of breeding sites, and the chemical control with synthetic
insecticides, organophosphates and pyrethroids (CORBEL et al. 2016). However,
repeated applications of insecticides and failures in the planning of control stages have
contributed to the emergence of resistant strains (DIAS; MORAIS, 2014, CORBEL et
al. 2016, SCHWAB et al. 2018). In a work carried out in Malaysia post-outbreaks of
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dengue, Mohiddin et al. (2016) observed that two of the three sites sampled had Aedes
albopictus strains resistant to chemical control. Similarly, in Brazil, Aguirre-Obando et
al. (2016) detected 80% of mutations in resistance determining genes of Ae. aegypti
after dengue outbreak in the state of Parana. These facts have led to the discovery of
new molecules for vector control with low impact on the environment. Accordingly, the
discovery of plant-derived compounds with insecticidal potential may be a promising
alternative for the control of insects (GOVINDARAJAN; SIVAKUMAR 2014).

Plants may produce active molecules from the secondary metabolism with natural
insecticidal ability and selective action on other organisms. Its natural degradation
is faster than the synthetic insecticides, becoming a less environmentally impacting
alternative in general (MACIEL et al. 2010). Studies on larvicidal activity of plant extracts
have shown as cause of larval death the constrictions of the midgut, extrusion of the
peritrophic matrix, epithelial stratification and vacuolization of the cells (ARRUDA et
al. 2003; VALOTTO et al. 2014; AL-MEKHALAFI 2018). Other alterations are usually
associated with the inhibition of digestive enzymes and neurotransmitters (ISMAN
2006; KABIR et al. 2013), as well as with induction of cell by induction of nitric oxide,
as shown by Guimaraes-de-Oliveira et al. (2016) in a study of larvicidal activity of the
ethanolic extract of Agave sislana (Asparagaceae). The essential oils of from plants may
also present a repellent effect on feeding and/or oviposition (KRISHNAMOORTHY et
al. 2015, SOONWERA; PHASOMKSOLSIL 2017, OLIVEIRA et al. 2017, YUSUFOGLU
et al. 2018).

M. koenigii (Rutaceae), popularly known as Indian curry, is traditionally used as a
culinary condiment due to its remarkable aromatic characteristic (MANI et al. 2012). In
folk medicine, it has been widely used in the treatment of digestive disorders such as
diarrhea and vomiting (ADEBAJO et al. 2006), microbial infections (JOSHI et al. 2018)
and diabetes (KESARI et al. 2005; ARUSELVAN et al. 2006). The leaves of M. koenigii
are aromatic and the composition of its extracts and essential oils may vary according
to its genetics and the geographical locations (RAINA et al. 2002; RAO et al. 2011).
Chowdhury et al. (2008) identified 39 different compounds in the essential oil of M.
koenigii leaves collected in Bangladesh.

Extracts from different parts of M. koenigii were tested against insects, especially
Anopheles gambie and Ae. aegypti. Regarding Ae. Aegypti, different biological
responses were observed according to the part of the plant used in the preparation of
the extract. Sukari et al. (2013) found a median lethal concentration (LC_ ) lower than 3
pg/mL for five leaf hexane extract isolated compounds. Other studies presented higher
values of LC_, (406 ppm) (SUGANYA et al. 2013) and unpromising activities (PATIL et
al. 2010; TANNYSON et al. 2012). Due to the variations in the chemical composition
of the extracts and essential oils, bioassays are need to evidence the most promising
compounds. In Brazil, no studies of the chemical constituents of M. koenigii essential oil
with larvicidal activity have been reported yet. Thus, considering the importance of the
Ae. aegyptipopulations throughout the Brazilian territory in the transmission of dengue,
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chikungunya and zika virus, this study aimed to evaluate the chemical composition of
M. koenigii essential oil, to investigate its insecticidal potential against Ae. aegypti and
to propose the mechanisms involved in this activity through in silico approach.

2 | MATERIALS AND METHODS
2.1 Plant material

The leaves of M. koenigii were collected in April 2018 in the Faculty of Pharmacy
of the Federal University of Goias (UFG) (16°40°33”S 49°14°33” W). The identification
of the plant sample was done by Dr. José Realino de Paula and was deposited in
the Herbarium of UFG under registration 66.4443. The leaves were dried in a forced
ventilation oven at 40 °C (Fabbe-Primar) for 72h and then crushed.

2.2 Essential oils extraction and GC-MS analysis

For the extraction of the essential oil (EO), 100 g of powdered leaves were
submitted to hydrodistillation in a Clevenger-type apparatus for 2 h (RAO et al. 2011).
After dried over anhydrous Na,SO,, oils were kept in glass vials at a temperature of
—-20 °C. The EO were analyzed using a Shimadzu GC-MS QP5050A fitted with a fused
silica SBP-5 (30 m x 0.25 mm |.D.; 0.25 pm film thickness) capillary column (composed
of 5% phenylmethylpolysiloxane) and temperature programmed as follow: 60—240 °C
at 3 °C/min, then to 280 °C at 10 °C/min, ending with 10 min at 280 °C. The carrier gas
was a flow rate of 1 ml/min and the split mode had a ratio of 1:20. The injection port
was set at 225 °C. Significant quadrupole mass spectrometer operating parameters:
interface temperature 240 °C; electron impact ionization at 70 eV with scan mass range
of 40-350 m/z at a sampling rate of 1 scan/s. Constituents were identified by computer
search using digital libraries of mass spectral data (NIST, 1998) and by comparison of
their retention indices (DOOL; KRATZ, 1963) relative to C9—C26 n-alkanes and mass
spectra with literature data (ADAMS 2007).

2.3 Bioassay

2.3.1 Calibration of surfactant

To determine the resistance limit of Ae. aegypti larvae to polysorbate 80 (Tween
80) used in the oil solubilization, increased concentrations of the surfactant in water
were tested in order to verify if the results presented by the oil were not affected by
the presence of the surfactant. For this purpose, solutions of Tween 80 were used in
graded series of 0.1%, 0.3%, 0.5%, 0.7% and 1.0% diluted in water. A total of 20 3
instar larvae (L,) were exposed to 25 mL solution in triplicate for 24 h.
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2.3.2 Larvicidal bioassay

The larvicidal bioassays were carried out at the Laboratory of Insect Biology and
Physiology (IPTSP/UFQG) in a biological chamber with a temperature of 25 °C + 1 °C,
relative humidity of 85% + 5% and a photophase of 12 hours (SILVA et al. 2003).
The EO of M. koenigii was tested in decreasing serial dilutions from 100 to 20 ppm.
The assays were performed in 50 mL polystyrene containers containing 25 mL of test
solution and twenty L, Ae. aegypti larvae. Mortality events were quantified after 24
hours of exposure. All assays were performed in triplicate. Water and surfactant were
the negative controls.

2.3.3 Residual effect

The M. koenigii EO residual effect was evaluated with a LC,, solution found for
the L, Ae. aegypti larvae. The assays were performed by adding twenty L, into 200
mL of LC,, solution in 300 mL polystyrene containers. Mortality was verified after 24h
exposure. The larvae were removed from the solution for the mortality verification
and subsequently new L, were placed in the same solution. Daily larval counting
and replenishment continued until complete loss of the lethal effect. All assays were
performed in triplicate. Water and surfactant were the negative controls (ROMANO et
al. 2018).

2.4 Statistical analysis

The data obtained from the larvicidal assays were submitted to the non-linear
regression method of Probit for the determination of the LC of 50, 90 and 99% of
mortality (a = 0.05). The analysis were conducted using Statistica software version
12.0 (STATSOFT 2013).

2.5 In silico prediction of biological activity

Bioactivity prediction procedure with 2D a-pinene, B-phellandrene and dehydro-
aromadendrene structures was performed with PASS online tool (LAGUNIN et al.
2000). In PASS prediction, Pa and Pi estimate the probability of compound to be active
or inactive respectively for each type of activity from the activity spectrum. The activities
presenting Pa > Pi were selected for the analysis. The five top-ranked obtained activities
related to the experimental tests were selected for analysis.

3 | RESULTS
3.1 Chemical characterization

The yield of the EO of M. koenigii leaves was 0.401% (Figure 1). Twenty three
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constituents were identified in the essential oil, mainly composed of monoterpenes
(67.66%) and sesquiterpenes (24.28%) (Table 1). Major compounds were found to
be beta-phellandrene (22.57%), alpha-pinene (20.12%) and dehydro-aromadedrene

(13.83%).

N Compound KI' AR %8
Monoterpenes
1 a — thujene 914 924 1.6
2 a — pinene 922 932 20.12
3 Sabinene 959 969 5.29
4 B — pinene 965 974 3.88
5 Myrcene 975 988 1.7
6 a — phellandrene 995 1002 2.85
7 a — terpinene 1007 1014 2.93
8 B — phellandrene 1020 1025 22.57
9 E-beta-ocimene 1033 1044 1.63
10  y-—terpinene 1044 1054 5.09
Oxygenated monoterpenes
11 cis-sabinene-hydrate 1056 1065 0.52

12 p — mentha-2,4(8)diene 1071 1085 0.92
13  trans-sabinene-hydrate 1088 1098 0.36

14  cis-p—mentha-2-en-ol 1112 1118 0.72
15 terpinen-4-ol 1181 1077 4.11
16  lavandulyl-isobutanoate 1403 1421 0.68
Sesquiterpenes

17 dehydro-aromadendrene 1437 1462 13.83
18 a—humulene 1470 1452 3.22
19  widdra-2,4(14)-diene 1477 1481 1.87
20 Isodaucene 1477 1500 4.91
21 o — amorphene 1499 1512 0.45
Monoterpenes - - 67.66
Oxigenated monoterpenes - - 7.31
Sesquiterpenes - - 2428
Not identified 0.75
Total - - 99.25

Table 1. Chemical constituents in EO leaves from Murraya koenigii evaluated by GC/MS.

'Kovatz Index; 2Retention index (values from literature); 3Peak area.

3.2 Bioassays

The first larvicidal activity of M. koenigii essential oil records occurred after 15
minutes of exposure to a test solution of 100 ppm. The total mortality of larvae at the
highest concentration (100 ppm) occurred after 60 minutes of exposure. The LC,,
LC,, and LC,, were respectively 58.8 ppm (IC = 56.8-60.8 ppm), 87.8 ppm (IC = 85.1-
90.6 ppm) and 94.4 ppm (Cl = 91.2-97.5 ppm). No external morphological alterations
or peritrophic matrix extrusion were observed. Mortality events were not observed in
solutions containing only surfactant and water. The essential oil presented residual
effect of two days, losing half the efficiency on the second day.

E-book Avancos das Pesquisas e Inovagdes na Engenharia Quimica  Capitulo 18



3.3 In silico prediction

Ligand in silico biological activity spectrum evaluation with PASS server was
performed in order to determine if the major constituents identified in the essential
oil present molecular properties consistent with insecticidal molecules. The prediction
data revealed potential insecticidal mechanisms of action for the compounds, including
ecdysone 20-monooxygenase inhibition, calcium regulation, neuromuscular blockade
of acetylcholine and caspase stimulation (Table 2).

Compound Pa Pi Activity
0.509 0.072 Calcium channel (voltage-sensitive) activator
0.486 0.030 Ecdysone 20-monooxygenase inhibitor
0.439 0.034 Caspase 8 stimulant
_ 0.397  0.052 Caspase 3 stimulant
crpinene 0.384  0.007 Insecticide
0.701 0.030 Calcium regulator
0.507 0.070 Acetylcholine neuromuscular blocking agent
0.434 0.065 Insecticide
0.417 0.007 Ecdysone 20-monooxygenase inhibitor
B-phellandrene 0.387 0.00 Apoptosis agonist
0.499  0.075 Acetylcholine neuromuscular blocking agent
0.489 0.018 Membrane permeability enhancer
0.488 0.020 Caspase 8 stimulant
0.400 0.074 Ecdysone 20-monooxygenase inhibitor
dehydro-
aromadendrene 0.269 0.018 Insecticide

Table 2. Top-ranked bioactivity predicition data of a-pinene, B-phellandrene and dehydro-
aromadendrene using Pass tool.

4 | DISCUSSION

The chemical composition of essential oils is usually influenced by edaphic and
climatic factors. Chowdhury et al. (2008) found 39 compounds in the essential oil of M.
koenigii from Chittagong, being 3-carene the major compound (> 50%). Nagappan et
al. (2011) identified 34 compounds and a-caryophyllene as major compound (> 19%)
in the essential oil of M. koenigii from three locations in Malaysia. The variation in
the chemical composition of M. koenigii from different locations in Asia was evaluated
and the compounds myrcene, a-tujene, a-pinene, and sabinene have been identified
in the analyzes (RAINA et al. 2002; RANA et al. 2004; CHOWDHURY et al. 2008;
NAGAPPAN et al. 2011; RAO et al. 2011).

The larvicidal activity of M. koenigii extracts against Ae. aegypti have been
attributed mainly due to the presence of carbazole alkaloids (SUKARI et al. 2013).
Patil et al. (2010) found larval mortality between 59 and 80% depending on the solvent
used in the extraction process. Suganya (et al. 2013) showed promising results for
larvicidal activity of the M. koenigii ethanolic extract through the green synthesis of
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silver nanoparticles (LC, =22.03 ppm; LC, = 55.95 ppm). Krishnamoorthy et al. (2015)
obtained LC,, below 90 ppm for the essential oil of Murraya exotica leaves against
Ae. aegypti. However, there are no studies regarding the changes in morphology or
metabolic pathways of Ae. Aegypti associated with the lethal effect of the extracts or
isolated compounds of M. koenigii.

It has been reported that essential oils may interfere in the development and
behavior of the insects. Soonwera and Phasomkusolsil (2017) evaluated the insecticidal
effect of the essential oil of Zanthoxylum limonella (Rutaceae) against Ae. aegypti and
observed lethality in larvae and adults near to 10%. Pupae submitted to treatments with
essential oils usually present incomplete ecdise, which may originate aberrant adults.
Pregnant females may exhibit repellency at oviposition sites impregnated with the
essential oils (LEYVA et al 2016; SOONWERA; PHASOMKUSOLSIL 2017; OLIVEIRA
et al. 2017; ROMANO et al. 2018; YUSUFOGLU et al. 2018). The interference of
natural products in metabolic pathways may be observed by the inactivation of the
acetylcholine binding site, growth-inhibiting hormones, calcium channel blockade
in nerve cells and activation of pathways that lead to apoptosis and/or increase in
the nitric oxide production (ISMAN 2006; KABIR et al. 2013; OLIVEIRA et al. 2017;
GUIMARAES-DE-OLIVEIRA et al. 2016).

Regarding the bioactivity prediction of the major compounds of the M. koenigii
essential oil, although not high values of Pa were obtained in general, it is known
that compounds with Pa value greater than Pi, as showed in this study, are the only
considered as possible for a particular pharmacological activity (LAGUNIN et al. 2000).
Hence, the combination of the essential oil experimental results with the computational
estimation of the insecticidal activity of its major compounds reveal that its insecticidal
potential against Ae. aegypti may be due to the action on mechanisms important for
actual insecticides, especially the modulation of growth inhibitor hormones, neurotoxic
action by blocking acetylcholine binding sites and the stimulation of caspases

Considering the epidemiological importance of Ae. aegypti in Brazil and its
resistance to chemical control, there are a need for development of alternative control
methods which stimulate the search for new molecules with insecticidal activity. In this
study, the experimental and in silico findings indicated that the essential oil from M.
koenigii presents potential for the development of products to be used in the control of
Ae. aegypti, since low LC, values were obtained (58.8 ppm) and the oil is a promising
source of bioactive compounds which may modulate multiple and important targets of
the mosquito. However, further studies should be performed in order to investigate the
interaction of these different lethality mechanisms in in vitro and in vivo models.
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