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RESUMO

Sidonio, Igor. Avaliagdo do efeito letal da nanoemulséo de Rosmarinus officinalis L. sobre
Bactrocera carambolae Drew e Hancock (Diptera: Tephritidae). Macapa, 2017.
Dissertacdo (Mestre em Biodiversidade Tropical) — Programa de Poés-graduacdo em
Biodiversidade Tropical — Pro-Reitoria de Pesquisa e Pés-Graduagdo - Universidade
Federal do Amapa.

Bactrocera carambolae Drew e Hancock é uma praga quarentendria restrita aos estados do
Amapa e Roraima, sua disseminacdo provocaria danos irrepardveis na fruticultura
brasileira. Os 0leos essenciais sdo misturas complexas de metabolitos secundérios volateis.
Diversos 0leos essenciais se mostraram potentes agentes inseticidas, incluindo para
controle de pragas agricolas. Rosmarinus officinalis L., popularmente conhecida como
alecrim, é uma espécie rica em Oleo essencial reconhecida e com potencial atividade
inseticida. Neste contexto, nanoemulsdes do tipo Oleo em agua sdo consideradas
formulacGes promissoras para a geracdo de produtos aquosos viadveis. O presente estudo
objetivou avaliar a atividade inseticida da nanoemulséo preparada com o 6leo essencial de
Rosmarinus officinalis contra adultos de Bactrocera carambolae. Os testes inseticidas
foram realizados por via topica e contato. A nanoemulsdo foi preparada pelo método de
baixo aporte de energia para 50000 e 100000 ppm (expresso como teor do 6leo essencial) e
apresentou aparéncia transparente homogénea. O tamanho médio das micelas foi em torno
de 10nm. A maior porcentagem de mortalidade (37.78%) observada apds 120h no
tratamento do ensaio tépico foi induzida pela nanoemulsdo com maior concentracdo do
6leo essencial (200 pg/inseto). Diferenca significativa entre a nanoemulsdo com maior
concentracdo do 6leo essencial foi observada, quando comparada ao grupo controle e a
nanomulsdo com menor concentracdo do éleo (F = 9.8773, P = 0.0003, df = 2.42). Néo
houve diferenga significativa na mortalidade de machos e fémeas dentro dos tratamentos e
controle. O bioensaio por contato induziu a maior mortalidade (57.78%) apds 120h,
apresentando diferenca estatistica significativa (F = 39.3611, P < 0.0001, df = 1.28) quando
comparado ao grupo controle, o qual induziu 12,22% de mortalidade. Diferenca estatistica
significativa foi observada na porcentagem de mortalidade nos machos (77,78%), quando
comparado com fémeas (37.78%) (F = 12.4090, P = 0.004, df = 1.28). Assim, nossos
resultados mostram pela primeira vez a atividade inseticida de um sistema nanoestruturado
contendo 6leo essencial de R. officinalis, mostrando o potencial deste novo produto no
manejo integrado de pragas para o controle de B. carambolae.

Palavras-chave: Mosca-das-frutas; Controle de pragas; inseticidas botanicos; Lamiaceae;
Alecrim, Nanoformulagéo.



ABSTRACT

Sidonio, Igor. Evaluation of lethal effect of the nanoemulsion prepared with Rosmarinus
officinalis L. essential oil against Bactrocera carambolae Drew and Hancock (Diptera:
Tephritidae) Macapa, 2017. Dissertacdo (Mestre em Biodiversidade Tropical) — Programa
de Pds-graduacdo em Biodiversidade Tropical — Pro-Reitoria de Pesquisa e Pos-Graduacéo
- Universidade Federal do Amapa.

Essential oils are complex volatile mixtures of secondary metabolites and several of them
are considered potential insecticidal agents, including for agricultural pest control. On this
context, nanoemulsions are considered promising delivery systems for novel aqueous
pesticide products. Bactrocera carambolae Drew and Hancock is a quarentenary pest
restrict that is found in the of Amapa and Roraima States (Brazil) and its dissenation
through this country would lead to irreparable damage to brazilian fruticulture. Rosmarinus
officinalis L., popularly known as rosemary, is an essential oil-rich plant and recognized as
a promising insecticidal agent. The present study aims to evaluate insecticidal activity of
the nanoemulsion prepared with R. officinalis essential oil against adults of Bactrocera
carambolae. It was performed topical and contact bioassays. The nanoemulsions were
prepared by low energy method at 50000 and 100000 ppm (expressed as essential oil
content) and presented a fine transparent homogeneous appearance. Droplet size measured
by dynamic light scattering was around 10 nm. Higher percentage of mortality (37.78 %)
observed after 120 h of treatment on topical assay was induced by nanoemulsion with
higher essential oil content (200 pg per insect). Significant difference between the
nanoemulsion with higher content of essential oil was observed, when compared to control
group and nanoemulsion with lower content of essential oil (F = 9.8773, P = 0.0003, df =
2.42). No statistical significant difference on mortality was observed by comparison of
male with female. Contact bioassay of this nanoemulsion induced higher mortality (57.78
%) after 120 h, presenting statistical significant difference (F = 39.3611, P < 0.0001, df =
1.28) when compared to control group, which induced 12.22% of mortality. Statistical
significant difference was observed on percentage of mortality on male (77.78%), when
compared to female (37.78%) (F = 12.4090, P = 0.004, df = 1.28). Thus, ours results shows
the first time the insecticidal activity a nanostructured system containing essential oil from
R. officinalis, showing the potential of this novel nanoproduct on integrated practices of B.
carambolae control.

Keywords

Fruit Fly; Pest Control; Botanical Insecticides; Toxicity; Lamiaceae; Rosemary,
Nanoformulation.



ILUSTRACOES

Figura 1 — Bactrocera carambolae. A, ovos. B, Imaturo de B. carambolae no terceiro instar larval.

C, Pupas. D, individuos adUILOS. ........c.cciiieieiiiieeeseeeee ettt st a e e re e eas 14
Figura 2 — Prancha botanica da espécie Rosmarinus officinalis L. .........c.cccooeereineinenneenene, 18
Figura 3 — Oleo essencial de ROSMarinus OffiCiNalis L. ..........ceveveevrveeeerieeeeieseeeseeeeeseeesseseeessseenas 19



SUMARIO

1. INTRODUGAO GERAL ... see e 12
1.1 Diptera: Tephitidae (Moscas- das-Frutas) ..........ccccevveveiieineieiiese e 12
1.1.1 Bactrocera carambolae (Diptera: Tephritidae) .........cc.ccooeviiiieniiiniiinennn 13

1.2 Utilizacéo de inseticidas botanicos para o controle de insetos................cocvcvnnn. 15
1.2.1 OlE0S ESSENCIAIS ....ccvieueiiieeiiiesiesiie st eiesiee st e ettt st steeseesreesteaneesreeeas 16
1.2.1.1 Oleo essencial de Rosmarinus officinalis L. (Lamiaceag)..................cco........ 17

1.3 NANOBMIUISOES ..ottt ettt bbbt 19
2HIPOTESES ...ttt 21
B OBUIETIVOS ... e bbbttt bbbttt 22
BLGERAL ..oovvvvvvvvrvrvvsvsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s 22
B2 ESPECIFICOS ...ttt bbbt 22
4. REFERENCIAS ......ovtiiiiiiieiee sttt 23

5.CAPITULO 1 - EVALUATION OF LETHAL EFFECT OF THE
NANOEMULSION PREPARED WITH Rosmarinus officinalis L. ESSENTIAL OIL
AGAINST Bactrocera carambolae Drew and Hancock (DIPTERA: TEPHRITIDAE)

............................................................................................................................................. 28
A 01 1 = o] SO PRTR 29
] 8 oo 11 o] o] o IS OSSR 31
Materials and MEtROAS ..........ccviiiiiic e e 33
Rosmarinus officinalis essential Oil .............ccccocoiiiiiii e 33
Preparation of R. officinalis NnanoemulSioNns.............ccoviiiiiieiien e, 33
Characterization of R. officinalis NanoemulSioNs ............cccoocveeiiieniiie e 33
BIOASSAYS ...t iteete ettt ettt e et et e e te et e re e reeanenres 33
Bactrocera carambolae COIONIES .......cccvviiiiieiiiiece e 33
B I0] T [0 LI 1LY | OSSO PSPPI 34
CONLACT BSSAY ...ttt ettt b e e bt nb e b sneene e 34
SEAtiStICAl ANAIYSIS ......ecveiieciece e 34
RESUITS ...ttt et s et et e e s b e e et e et e e e b e e sae e e e e te e e ra e eneeanrs 34
Background chemical composition of R. officinalis essential oil .................c........... 34
R. officinalis NAN0EMUISION ..........c.coooiiiiiii e 36
TOPICAI @SSAY ...vveetieiiit ettt ettt e st e et e e et e e be e a e be e nreeree e 36
CONLACT BSSAY ...tttk ettt b ettt ettt e st et e e ane e 38
DTS oL U 7] [0 [PPSR PTR 39
RETEIEINCES. ...ttt s bt e e st e s be e st e e st e e saeesnbeeabeeenbeesaeeaneas 42

B. CONCLUSODES. .....coooeeeeeeeee e e ettt e e e e e e e er e er e, 49



12

1. INTRODUCAO GERAL
1.1 Diptera: Tephitidae (Moscas- das-Frutas)

As moscas-das-frutas pertencem a ordem Diptera e estdo contidas na Familia
Tephritidade. S&0 moscas pequenas que se caracterizam por manchas ou faixas nas asas. As
suas larvas sdo fitéfagas, constituindo pragas para a fruticultura (Triplehorn and Jonnson.
2011). As fémeas adultas depositam 0s ovos em seus hospedeiros levando em consideragéo
diversas caracteristicas dos frutos, tais como, tamanho, cor, penetrabilidade, estagio de
maturidade e presenca de feroménios marcadores. Portanto, a escolha dos frutos ocorre
através de percepgOes olfativas e visuais. Quando encontram o seu alvo, caminham na
superficie do pericarpo, esfregando sua cabeca nele para possivelmente reconhecerem
substancias quimicas presentes e posteriormente inserem seu ovipositor para deposi¢do dos
ovos. Finalizam o processo arrastando o aparelho ovipositor, onde irdo liberar o feromonio
marcador para sinalizar a outras moscas que 0S Seus OVOS ja estdo presentes naquele

hospedeiro (Aluja and Mangan 2008).

Diversas acdes e estratégias sdo desenvolvidas visando o controle desses insetos.
Dentre elas, destaca-se 0 Manejo Integrado de Pragas (MIP), que planeja o combate dessas
moscas de forma sustentivel, com menos danos ao meio ambiente (Vargas et al. 2015).
Entretanto, pesticidas que foram sintetizados entre os anos de 1950 e 1989, potencialmente
causadores de inUmeros danos ao meio ambiente ainda sdo frequentemente utilizados para o
controle desses dipteros. Esse fato deve-se, principalmente, por sua eficiéncia no combate a
pragas, baixo custo comparativo e pela facilidade de adocdo. No entanto, 0 seu uso
inadequado provoca diversos danos ao meio ambiente, pressionando a substituicdo deles
por inseticidas considerados mais “limpos”, como alternativa a serem utilizados no manejo
integrado de pragas (Dayan et al. 2009).

No Brasil, as espécies associadas a danos econdmicos estdo presentes nos géneros
Anastrepha, Ceratitis e Bactrocera. Anastrepha possuem 115 espécies (Zucchi 2008) e
dentre essas, seis sdo consideradas pragas (Uramoto and Zucchi 2009). No pais, os dois
ultimos géneros sdo representados por apenas uma espécie cada, respectivamente Ceratitis
capitata (Wiedemann) e Bactrocera carambolae (Drew e Hancock) (Zucchi 2001, Silva
2011). Os tefritideos possuem grande diversidade de plantas hospedeiras. No estado do



13

Amapa sdo catalogados aproximadamente 33 espécies de vegetais hospedeiros (Silva
2011). Além disso, estudos atuais revelam primeiros registros de espécies vegetais como
novos hospedeiros (Jesus et al. 2010, Adaime et al. 2012, Dutra et al. 2013, Savaris et al.
2013).

1.1.1 Bactrocera carambolae (Diptera: Tephritidae)

O género Bactrocera possui 651 espécies, das quais mais de 50 sdo consideradas
pragas importantes, entre elas a espécie B. carambolae que é conhecida popularmente como
mosca-da-carambola. Ela é uma espécie polifaga e que se estabeleceu como invasora de
regides climaticamente semelhante ao seu local de origem, a exemplo da América do Sul
(Vargas et al. 2015, Marchioro 2016). Os ovos de B. carambolae séo alongados, brancos e
com coloracdo leitosa proximo da eclosdo. Os imaturos tém menos de 10 mm de
comprimento com coloracdo branco-amarelada, apresentando a parte anterior do corpo
afilada e no terceiro instar as larvas sdo saltadoras, podendo saltar distancias maiores que
10 cm. As pupas sdo cilindricas de coloragcdo marrom escuro (Malavasi 2009). Os adultos
possuem comprimento de cinco a dez milimetro com as asas sem faixas transversais
(Jorddo and Silva 2006). Esta espécie apresenta uma faixa apical mais larga nas asas e o
6rgdo sexual masculino e o aparelho ovipositor feminino mais curto, quando comparada
com outras espécies do género Bactrocera. Possui 0 abdémen amarelado, com uma faixa
preta longitudinal medial no tergo abdominal 111-V (Schutze et al. 2015), sendo essas faixas

negras sob a forma da letra T (Figura 1).

Em relagdo ao ciclo de vida da mosca-da-carambola, as fémeas introduzem seu
aparelho ovipositor no fruto e depositam 0s ovos. Posteriormente, as larvas eclodem e
fazem galerias na polpa do fruto. Quando elas atingem o terceiro instar, se enterram no solo
para a pupacdo (Vilela et al. 2001). Fatores abioticos como umidade relativa, luminosidade
e temperatura afetam a abundancia, sobrevivéncia, tempo de desenvolvimento e
comportamento sexual dessas moscas (Bateman 1972). Estudos apontam que a
sobrevivéncia de B. carambolae é maior em temperaturas mais elevadas (média de 27 °C) e
0 tempo para completar um estagio de desenvolvimento diminui com aumento da

temperatura, consequentemente, reduzindo o periodo necessario para completar o seu ciclo
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de vida (Danjuma et al. 2014). Apds emergirem, os adultos necessitam de nutrientes como
carboidratos, &gua e proteinas para alcangar a maturidade sexual (Bateman 1972). A mosca-
da-carambola é bem adaptada a regides tropicais, onde as temperaturas sdo elevadas e se

estabelecendo como uma espécie invasora de varios paises incluindo o Brasil.

Figura 1 — Bactrocera carambolae. A, ovos. B, Imaturo de B. carambolae no terceiro
instar larval. C, Pupas. D, individuos adultos.
Fonte: Joel Pasinato

A mosca-da-carambola é uma espécie nativa da Indonésia, Malasia e sul da
Tailandia e foi introduzida no continente americano. Esta mosca foi registrada pela
primeira vez na América do Sul no ano de 1986, em Paramaribo, Suriname. Em 1989 foi
detectada na Guiana Francesa e em 1996, foi detectada oficialmente no Brasil,

especificamente no Municipio do Oiapoque, estado do Amapéa (Godoy et al. 2011a).

No ano de 1996 foi criado um subprograma para a erradicacdo da mosca-da-
carambola, afim de evitar sua disseminagdo para outras regides (Silva et al. 2011). Apesar
do nome mosca-da-carambola, ela possui outros frutos como hospedeiros. No Amapa, 14
espécies de plantas sdo consideradas suas hospedeiras: Mangifera indica (L.), Malpighia
emarginata (DC.), Eugenia stipitata (MC. Vaugh.), Psidium guajava (L.), Syzygium
malaccense (L.), Averrhoa carambola (L.), Manilkara zapota (L.), Pouteria macrophylla
(Lam.), Capsicum chinense (Jacq.), Byrsonima crassifélia (L.), Spondias mombim (L.),
Rollinia mucosa (Jacqg.), Pouteria caimito (Ruiz e Pav.) e Artocarpus integrifolia (L.)
(Silva 2011, Lemos et al. 2014, Jesus-Barros et al. 2015).

Portanto, essa praga poderia provocar riscos a producdo de frutos produzidos em
larga escala, como caju, mamao, tangerina, goiaba, limdo, laranja, manga e abacate que sdo

economicamente importante para o pais (Marchioro 2016). B. carambolae é classificada
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como uma praga quarentenaria presente no Brasil, o que significa que sdo insetos pragas de
potencial expressdo econdémica para um determinado local, onde ainda ndo ocorrem (Lemos
et al. 2014). Entretanto, essa praga encontra-se presente nos estados do Amapéa e Roraima
(Brasil 2013). Por isso, é evidente a importancia do controle dessa espécie, para evitar

danos maiores a fruticultura brasileira.

1.2 Utilizag&o de inseticidas botanicos para o controle de insetos

A base da utilizacdo de inseticidas naturais esta na relacao das plantas com os insetos.
Ela envolve a utilizacdo dos componentes do metabolismo secundario como defesa aos
ataques. Consequentemente, essa defesa pode interferir no comportamento, crescimento ou
desenvolvimento do inseto (Simmonds 1998). A interacdo das plantas com o ambiente
circundante faz com que elas produzam substancias que podem causar diversos efeitos nos
insetos, como inibicbes na producdo da cuticula, no crescimento, na alimentacao,
rompimento de mudas e aumento ou diminuicdo do tempo de desenvolvimento. Diversos
mecanismos de a¢do podem estar envolvidos, como inibi¢do do sistema octopamenérgico,
mitocondrial, GABA e o colinérgico, inibindo a enzimas acetilcolinesterase, provocando
ataxia que consiste na descoordenacdo neuromuscular e ocasionando a morte dos insetos
(Rattan 2010). Portanto, com base na defesa quimica das plantas, a busca por bioinseticidas
eficazes e com menos impactos negativos para 0 meio ambiente mostram-se extremamente

promissores (Alarcon and Cespedes 2015).

Com a conscientizacdo da humanidade em relacdo a qualidade de vida e a protecédo
ambiental, ficou inevitavel a substituicdo de pesticidas sintéticos por inseticidas
considerados biodegradaveis. Eles sdo considerados menos agressivos ao meio ambiente,
porém mantendo uma alta eficiéncia no controle de pragas. Foi observado que o uso de
inseticidas sintéticos, como organofosforados, tem resultado em pragas resistentes, atingem
outros organismos que ndo sao alvo, deixam residuos nos alimentos consumidos pelos seres
humanos, além de outros danos ambientais (Desneux et al. 2007).

As consideraveis publicacdes em relacdo a grupos de metabolitos vegetais bioativos
tém fornecido informacdes valiosas para a producdo de inseticidas naturais (Isman 2014,

Miresmailli and Isman 2014). O primeiro inseticida botanico comercializado foi a base de
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Azadirachta indica A. Juss (Meliaceae), comumente chamada de Nim, sendo sua utilizacdo
aprovada nos Estados Unidos, Unido Europeia e Canada. Outros inseticidas botanicos séo
encontrados no mercado, como o Requiem® (com extratos de Dysphania ambrosioides)
Captiva® (extrato Capsicum sp), rev-Am® (6leo de Citrus sp). Neste contexto, especialistas
preveem o crescimento de 4 a 5% desses inseticidas no mercado mundial de agroquimicos,
podendo chegar a 20% até 2025 (Isman 2015).

1.2.1 Oleos Essenciais

Espécies aromaticas e seus 0leos essenciais estdo entre 0os mais efetivos inseticidas de
origem natural, sendo potencialmente Gteis para o controle de diversas pragas. Dentre essas
espécies, podemos citar como Rosmarinus officinalis (Alecrim), Mentha spp (horteld) e
Lavandula spp (lavanda) (Regnault-Roger 1997). Oficialmente, Oleos essenciais sdo
definidos como Produtos obtidos de partes de plantas através de destilacdo por arraste com
vapor d’ 4gua, bem como os produtos obtidos por expressdo dos pericarpos de frutos
citricos. Segundo Simdes and Spitzer (2010), os 6leos essenciais apresentam-se sob a forma
de um liquido de consisténcia oleosa sob temperatura ambiente, que evaporam rapidamente
guando aquecidos Seus constituintes volateis sdo responsaveis pelo forte odor exalado por
plantas aromaticas. Segundo Bakkali et al. (2008), eles sdo liquidos, volateis, geralmente
transparentes, apolares e soltveis em lipidios e solventes organicos. Variacdes ambientais,
na composicao do solo, 6rgdo vegetal, fase do seu desenvolvimento, entre outras, podem
afetar a composicdo e a qualidade dos 6leos de uma mesma espécie (Simdes e Spitzer
2010). Isso demonstra a importancia de se avaliar o 6leo de uma espécie, mesmo que ele ja
tenha sido anteriormente estudado.

Estes Oleos volateis sdo constituidos em sua grande maioria por terpenos,
principalmente monoterpenos (duas unidades isoprénicas) e sesquiterpenos (trés unidades
isoprénicas). Além do potencial inseticida, sdo amplamente utilizados como fragrancia para
perfumes e na industria farmacéutica (Waksmundzka-Hajnos 2008). Estudos em relacéo
aos efeitos de repeléncia ou atividade inseticida do Oleo essencial de diversas espécies
vegetais tem avangado de maneira consideravel, buscando controlar insetos que afetam a
agricultura e a saude publica. Muitos desses 6leos apresentam alta toxicidade e repeléncia

nos insetos (Rattan 2010). Além disso, podem causar mudangas comportamentais em
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insetos sociais, que causam danos econdémicos no ambiente agricola e urbano (Bacci et al.
2015).

O 6leo de Mentha piperita, na india, é potencialmente bioativo contra imaturos de
Aedes aegypti (Kumar et al. 2011). Oleos essenciais de plantas também possuem atividade
ovicida em culicideos (Diptera), de importancia médica e veterinaria, que sdo principais
vetores de patdgenos causadores de doengas (Benelli 2015). O dleo essencial de Myrciaria
floribunda foi testado por Tietbohl et al. (2014) e mostrou-se efetivo ao induzir a
mortalidade em duas espécies de hemipteros (Oncopeltus fasciatus e Dysdercus
peruvianus), que sdo pragas agricolas no Brasil. A toxicidade de quatro 6leos essenciais da
familia Lamiaceae, provenientes das espécies Lavandula angustifolia, Hyptis suaveolens,
Tuja occidentalis e Rosmarinus officinalis foi observado contra individuos adultos de
Ceratitis capitata (mosca-do-mediterraneo) (Benelli et al. 2012). Portanto, cada vez mais
trabalhos referentes aos efeitos bioldgicos de 6leos essenciais em insetos evidenciam a sua
utilizacdo como uma alternativa eficiente no manejo de insetos considerados pragas ou

prejudiciais a saude publica no mundo.
1.2.1.1 Oleo essencial de Rosmarinus officinalis L. (Lamiaceae)

A espécie Rosmarinus officinalis € conhecida popularmente como Alecrim, sendo
originaria do mediterraneo. Atualmente, € amplamente distribuida no mundo (Angioni et al.
2004), incluindo o Brasil. E uma planta aromatica arbustiva, com folhas simples, lineares,
opostas cruzadas, coriaceas, verde na parte superior e esbranquicada na inferior. Suas flores
sdo pequenas, azuladas, hermafroditas e pentdmeras (Capasso 2011) (Figura 2). Esta
espécie possui alto valor econémico por sua utilizacdo na culinaria e na medicina popular.
E uma das plantas medicinais mais utilizadas pela populacdo, como por exemplo, para
tratamento de depressdo, ansiedade, diabetes, dor de cabeca, gripe e pressdo alta (Liporacci
and Simdo 2013). Além disso, possui efeitos antioxidantes (Kazimierczak et al. 2015) e é
utilizada no combate a doencas gastro-intestinais (Jamila and Mostafa 2014).

O oleo essencial de R. officinallis (Figura 3) se mostra promissor contra infec¢céo
bacteriana, potencializando o efeito de antibioticos (Barreto et al. 2014) e no controle de

bactérias causadoras de infeccdo urinéria (Boas Petrolini et al. 2013). O 6leo essencial de R.
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officinalis se mostrou téxico para especies de Lepdoptera (Trichoplusia ni, Ectropis
obliqua; Pseudaletia unipuncta) (Isman et al. 2008, Zhang et al. 2013, Tak and Isman
2017), Diptera (Campytomyia corticalis) (Kim et al. 2012) e Coleoptera (Tribolium
confusum, Sitophilus oryzae, Oryzaephilus surinamensis) (Demirel et al. 2009, Kiran and
Prakash 2015), todos considerados pragas agricolas. Além disso, segundo Benelli et al.
(2012), esse 6leo se mostrou tdxico apds 24 horas contra a mosca da fruta Ceratitis capitata
(Diptera: Tephritidae) e seus principais constituintes foram 1,8- cineol, a-pineno e
terpinoleno. De acordo com Angioni et al. (2004), mais de 30 componentes foram
caracterizados no 6leo essencial do alecrim. Dentre eles podemos citar o a-pineno, borneol,

canfora e verbenona.

([ E SR WA ]

Figura 2 — Prancha boténica da espécie
Rosmarinus officinalis L.
Fonte: Royal Botanic Gardens
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Figura 3 — Oleo essencial de
Rosmarinus officinalis L.
Fonte: Igor sidénio

1.3. Nanoemulsodes

A nanotecnologia se caracteriza pela organizacdo funcional de materiais e
dispositivos que se encontram em escala nanométrica (Silva 2004). A maior vantagem dos
nanoprodutos produzidos sdo a possibilidade de se atingir estabilidade cinética,
caracteristicas organolépticas favoraveis, maior poder de penetracdo e/ou absor¢do, maior
biodisponibilidade, incremento da solubilidade em agua para substancias pouco sollveis e a
liberacdo controlada de substancias (Irache et al. 2011).

As nanoemulsdes sdo sistemas dispersos entre dois liquidos imisciveis, cujas
goticulas encontram-se com tamanho médio inferior a 200 nm (Ostertag et al. 2012).
Frequentemente é necessario 0 uso de tensoativos para a obtencdo de nanoemulsdes. Eles
sdo fundamentais para a estabilizacdo e manutencdo de diminutos goticulas (Aulton 2005,
Surassmo et al. 2010). Métodos de alta energia (gerando forcas disruptivas, capazes de
diminuir o tamanho das micelas) e baixo aporte de energia (pequenas micelas formadas de
forma espontéanea, utlilizando a energia quimica do proprio sistema) sdo utilizados para a
preparacdo de nanoemulsdes (Solans et al. 2005, Solans and Sole 2012, Gupta et al. 2016).
Uma das grandes vantagens das nanoemulsdes, de éleo em agua, € permitir que se
incorpore em &gua substancias lipofilicas e/ou de baixa solubilidade nesse meio (Solans et

al. 2005), como os 0leos essenciais. Neste contexto, considerando-se o potencial inseticida
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dos 6leos essenciais e sua imiscibilidade em agua (Rehman et al. 2014), a obtencdo de
nanoemulsdes para essa finalidade é extremamente promissora. Outra vantagem € que as
nanoemulsdes podem potencializar, em alguns casos, uma determinada atividade biologica
(Vianna Santos et al. 2014).

Nanoemulsdes a base de dleos de origem natural tem sido alvo de diversos estudos.
Por exemplo, a nanoemulso dos 6leos de andiroba e copaiba foram considerados efetivos
no controle de bactérias do género Paenibacillus, que causam doengas em abelhas. Os
atuais produtos utilizados no combate a esse patdgeno provocam a sua resisténcia e
residuos sdo encontrados em colbnias de abelhas que sdo benéficas a agricultura.
Entretanto, abelhas que sdo submetidas aos tratamentos com as nanoemulsfes apresentam
taxas de mortalidade menor, quando comparada com as taxas dos atuais produtos utilizados
no controle dessas bactérias (Vaucher et al. 2015). As nanoemulsGes também provocam
diminuicdo no total de proteinas e a reducdo nos niveis da enzima acetilcolinesterase. Isto
foi evidenciado em larvas de Culex quinquefasciatus que tiveram seu desenvolvimento
afetado pelo efeito da nanoemulsdo (Sugumar et al. 2014). Este inseto é vetor do nematoide
causador da filariose no Brasil.

Neste contexto, destaca-se a pesquisa realizada por (Duarte et al. (2015)), no Amapa,
que avaliaram a atividade larvicida da nanoemulsdo de Rosmarinus officinalis (Alecrim)
em Aedes aegypti, um inseto vetor de doengas como a dengue, chikungunya e zika virus,
obtendo resultados eficazes que podem ser utilizados em programas de controle integrado.
Além disso, pesquisas que visam avaliar a atividade inseticida das nanoemulsfes buscam
aplicar o efeito toxico dos constituintes dos 6leos botanicos no controle de adultos ou
imaturos de insetos que causam danos, diretos ou indiretos aos seres humanos, incluindo
pragas agricolas (Pant et al. 2014, Rodrigues et al. 2014).Entretanto, ainda ndo se sabe 0s
efeitos da nanoemulsdo de Oleos essenciais sobre a mosca-da-carambola, uma praga que
pode colocar em risco a fruticultura brasileira. Portanto, conhecer esses efeitos pode ser
uma alternativa mais “limpa”, utilizando produtos naturais de forma consciente, para o
controle desses insetos, buscando minimizar os efeitos negativos na biodiversidade, que é

afetada pela acumulagéo de pesticidas sintéticos.
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2. HIPOTESES

H1: A nanoemulsdo do 6leo essencial de Rosmarinus officinalis influencia na mortalidade

dos individuos adultos de Bactrocera carambolae.

H2: A nanoemulsdo do 6leo essencial de Rosmarinus officinalis afeta a mortalidade de
machos e fémeas de modo desigual.



3. OBJETIVOS
3.1 GERAL

Avaliar o efeito letal da nanoemulsdo do 6leo essencial de Rosmarinus officinalis sobre
Bactrocera carambolae (mosca-da-carambola).

3.2 ESPECIFICOS

e Preparar e caracterizar a nanoemulsao do 6leo essencial de R. officinalis;

e Avaliar a mortalidade de adultos de B. carambolae induzida pela nanoemulsao do
6leo essencial de R. officinalis;

e Avaliar se ha diferengas na mortalidade entre machos e fémeas de B. carambolae

apos o contato com a nanoemulsao de R. officinalis.
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5. CAPITULO 1 - EVALUATION OF LETHAL EFFECT OF THE
NANOEMULSION PREPARED WITH Rosmarinus officinalis L. ESSENTIAL OIL
AGAINST Bactrocera carambolae Drew and Hancock (DIPTERA: TEPHRITIDAE)
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Evaluation of lethal effect of the nanoemulsion prepared with Rosmarinus officinalis
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Abstract

Essential oils are complex volatile mixtures of secondary metabolites and several of them
are considered potential insecticidal agents, including for agricultural pest control. On this
context, nanoemulsions are considered promising delivery systems for novel aqueous
pesticide products. Bactrocera carambolae is a quarentenary pest and its dissemination
through this country would lead to irreparable damage to Brazilian fruticulture. Rosmarinus
officinalis is an essential oil-rich plant that is commonly known as rosemary and is
recognized as a promising insecticidal agent. The present study aims to evaluate
insecticidal activity of the nanoemulsion prepared with R. officinalis essential oil against
adults of Bactrocera carambolae by topical and contact bioassays. The nanoemulsions
were prepared by low energy method and presented a fine transparent homogeneous
appearance. Droplet size measured by dynamic light scattering was around 10 nm. Higher
percentage of mortality on topical assay was observed after 120 h of treatment with the
more concentrated nanoemulsion (200 pg per insect). It also induced higher mortality after
120 h on the contact bioassay and statistical significant difference was observed on
percentage of mortality on male (77.78%), when compared to female (37.78%). Thus, ours
results shows, for the first time, the insecticidal activity a nanostructured system containing
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essential oil from R. officinalis, showing the potential of this novel nanoproduct on
integrated practices of B. carambolae control.
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Fruit Fly; Pest Control; Botanical Insecticides; Toxicity; Lamiaceae; Rosemary,
Nanoformulation.

Key message

e Essential oils are considered potential eco-friendly natural products.

e Nanoemulsions allow better water dispersability and prevent volatilization of essential
oils.

e Bactrocera carambolae may induce irreparable economic damage to Brazilian
fruticulture if it spreads through this country.

e Nanoemulsion prepared with Rosmarinus officinalis induced mortality on B.
carambolae adults.

e Integrated practices of carambola fruit fly control may used dispersed systems
containing essential oils, such as rosemary essential oil-based nanoemulsion.
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Introduction
Carambola fruit fly (Bactrocera carambolae Drew and Hancock) is native from

Asiatic countries (Sauers-Muller 1991) and it is considered an invasor species on Brazil.
The common name is associated to star fruit (“carambola”), but other fruits serve as host
plants, including guava, mango and others. On this country, it is considered a quarentenary
pest, due to the fact that it is not found in all states and therefore offers a risk to fruticulture
of Brazil. In case of distribution and adaptation to other regions that export fruits (Godoy et
al. 2011a), it would result on severe socioeconomical damage to fruticulture (Barreto et al.
2011). The presence of carambola fruit fly on two Brazilian states, Amapa and Roraima
(Brasil 2013), is responsible by commercial restriction imposed by world market that
import fruits and care about quality and safety against pest invasion on their countries
(Godoy et al. 2011b). Chemical control is one of main strategies for carambola fruit fly
control. It involves utilization of traps containing methyl-eugenol (male attractant
parapheformone) and malation (organophosphorus), aiming to annihilate the males.
Utilization of feed attractant with synthetic pesticides placed on host plants is also an
alternative (Silva 2011). However, synthetic insecticide induce severe damage to non-target
organism (Desneux et al. 2007). This fact is highlighted by the severe metabolic
dysfunction due to oxidative stress on liver and kidney cells induced by malation, that may
contribute to further emergence of carcinogenic cells or even increase of cardiovascular
diseases (Selmi et al. 2015).

Natural pesticides comprise substances from the secondary metabolism of plants and
they are very promising as alternative to synthetic pesticides (Miresmailli and Isman 2014).
A main advantage of these natural compounds rely on the fact that they are biodegradable
and efficient (Harmouzi et al. 2016). Terpenoids are the group of secondary metabolites
found on essential oil from plants. These volatile mixtures has compounds that are
important on chemical interaction between plants and insects. Considering their potential
toxic, repellent, antifeedant and antioviposition effects, they are interesting on integrative
control practices against pest insects (Silva et al. 2008, Benelli 2015, Camara et al. 2015,
Ebadollahi et al. 2016). Rosmarinus officinalis L. is an essential oil producer plant that have
1.8-cineole, camphor, a-pinene and B-pinene as main constituents (Barreto et al. 2014) at

varying amounts, according to different chemotypes (Li et al. 2016). The lethal effect of
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rosemary essential oil on different species of pest insects which impair human health or
agriculture has been evaluated (Isman et al. 2008, Freitas et al. 2010, Kim et al. 2012). This
effect may be associated to synergic effects of the natural products of the essential oil (Tak
et al. 2016).

Nanotechnology is the science involved on manipulation of materials on nanometric
scale and is on the spotlight of novelty on several areas (Satalkar et al. 2016). It is
promising to develop novel delivery systems of lipophilic bioactive compounds on
pharmacy, cosmetics, food, remediation of polluted water, agrochemical industry and
others (Feng et al. 2016, He and Hwang 2016, Jackman et al. 2016, Santhosh et al. 2016).
Nanoemulsions are a type of nanostructured system stabilized by emulsifier (s) that have
fine droplets of a liquid, often with diameter lower than 100 nm, dispersed through an
immiscible liquid, often water (McClements 2012). They are kinetic stable systems with
transparent or translucent appearance. The great stability of nanoemulsions make them very
promising for improved availability of compounds (Gupta et al. 2016), including pesticides
(Du et al. 2016). Incorporation of lipophilic compounds on water (Solans et al. 2005) opens
possible applications for utilization of essential oils on bioactive nanoemulsions with great
activity than non-nanoemulsified essential oils (Vianna Santos et al. 2014). Moreover,
nanoemulsions may prevent prompt loss of essential oil compounds, offering an additional
advantage for field application on agriculture (Dayan et al. 2009).

Insecticidal action of nanoemulsions that encapsulate natural oils have been assayed
as potential larvicidal products against vectors of disease (Anjali et al. 2012). Moreover,
some of them have been considered potentially safe for non-target organism (Oliveira et al.
2016). A nanoemulsion prepared with rosemary essential oil was assayed for this purpose,
being potentially toxic to Aedes aegypti larvae (Duarte et al. 2015). However, to our
knowledge, essential oil-based nanoemulsions was not previously evaluate against
Tephritidae (Diptera), which are considered fruticulture pest. On this context, the aim of the
present study was to evaluate the insecticidal activity of a nanoemulsion prepared with R.
officinalis essential oil against adults of Bactrocera carambolae (Diptera: Tephritidae).
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Materials and Methods

Rosmarinus officinalis essential oil
Dry leaves of Rosmarinus officinalis was previously extracted by hydrodistillation

and analyzed using a gas chromatograph (Shimadzu) coupled to mass spectrometer detector
for identification of flame detector for relative quantification. Essential oil was stored at
4°C until utilization (Fernandes et al. 2013).

Preparation of R. officinalis nanoemulsions

Nanoemulsions containing Rosmarinus officinalis essential oil were prepared
according to the titration method described by Ostertag et al. (2012). The essential oil and
polysorbate 20 were pooled together and homogenized under magnetic stirring for 30
minutes under room temperature. Then, water was added through constant flow and the
system was homogenized using a magnetic stirrer for 60 min under room temperature. Two
nanoemulsions were prepared by ranging the essential oil concentration (50000 ppm or
100000 ppm). Surfactant to oil ratio was 1:1 and therefore, total compositions of
nanoemulsions were: Nanoemulsion se000 ppm = 5% (w/w) of essential oil, 5% (w/w) of
polysorbate 20 and 90% (w/w) of water / Nanoemulsion 100000 ppm = 10% (w/w) of essential
oil, 10% (w/w) of polysorbate 20 and 80% (w/w) of water. Both nanoemulsions were
prepared at a final mass of 10g.

Characterization of R. officinalis nanoemulsions

The nanoemulsions were characterized using a Zetasizer Nano ZS (Malvern
Instruments Ltd, Malvern, UK) equipped with a 10 mW “red” laser (A = 632.8 nm) and
samples were measured at a 90° scattering detector angle for size measurements. They were
diluted with distilled water (1:25, v/v) prior to measurements. Average particle size,
polydispersity index and zeta potential were measured in triplicate and results are expressed
as mean = standard deviation.

Bioassays
Bactrocera carambolae colonies

The insects were established in the Laboratory of Plant Protection of the
Agroforestry Research Center of Amapa (Brazilian Agricultural Research Corporation -
Embrapa). B. carambolae at 26 + 2 °C; 12: 12 h light: dark cycle; 60% - 80% relative
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humidity. They were fed with yeast extract and sugar. Oviposition was stimulated using
pots containing guava (Psidium guajava L.). Eggs were separated and put into petri dishes
containing sugarcane bagasse, yeast, soy flour, methylparaben, sugar, citric acid, sodium
benzoate and distilled water. Pupae were incubated at 26 + 2 °C until emergence of adults.
The bioassays were performed with 10-12 days adults.

Topical assay
Transparent plastic recipient (750 mL) containing cellulose filter papers were used

for fruit flies accommodation. They had free access to food (yeast extract and sugar) and
water, which was disposed on a small glass containing strips of absorbent sponge. Each
group was constituted by 15 replicate, being each replicated constituted by 3 male and 3
female (n = 90 flies; 45 female and 45 male). The fruit flies were topically applied, on the
thorax, with 2 ul of each nanoemulsion (treated groups) or distilled water (control group).
Mortality levels were evaluated daily during 5 days. Topical application on treated groups
corresponded to 100 pg or 200 pg per insect.
Contact assay

The most efficient nanoemulsion evaluated on the topical assay was chosen for
contact assay. Same experimental design was used (n = 90 fruit flies; 45 female and 45
male) under same experimental conditions and 100ul of the nanoemulsion (100000 ppm)
was applied on the center of a filter paper. On the control group, the nanoemulsion was
substituted by distilled water. Mortality levels were evaluated daily during 5 days.
Statistical analysis

Statistical analysis was performed using Minitab v.17 and mortality levels were
analyzed by Shapiro-Wilk test, posteriorly transformed to arcsen (square root (x/100) and
submitted to variance analysis (Anova), being the means compared by Tukey’s test (5% of

probability).

Results

Background chemical composition of R. officinalis essential oil
As described earlier, gas-chromatographic analysis of the essential oil from

Rosmarinus officinalis revealed the presence of 22 identified compounds (Tabela.l),
representing 93.34%. Major compounds were 1,8-cineole (44%), camphor (16.1%), B-
Myrcene (11.7%) and a-Pinene (9.4%) (Fernandes et al. 2013).
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Table 1 Chemical composition of Rosmarinus officinalis essential oil (Fernandes et al.,

2013)

Constituents RI %
a-Pinene 930 9.4
Camphene 943 3.3
-Myrcene 972 11.7
B-Pinene 991 1.0
a-Phellandrene 1001 0.2
a-Terpinene 1014 0.4
p-Cymene 1022 2.4
1,8-cineole 1030 44.0
y-Terpinene 1057 0.3
Terpinolene 1086 0.2
Fenchol 1110 0.1
Camphor 1141 16.1
Isopulegol 1152 0.1
Borneol 1162 3.5
Terpinen-4-ol 1174 1.2
Verbenone 1188 4.1
Bornyl acetate 1283 0.5
Thymol 1289 0.1
E-Caryophyllene 1414 0.6
a- Himachalene 1448 0.1
Curcumene 1481 0.1
14-hydroxy-z-caryophyllenne 1668 0.1
TOTAL 93.34

- Gas chromatographic conditions - injector temperature (200 °C); detector temperature
(240 °C); carrier gas (Helium), flow rate (1 mL min™); split injection ratio (1:40); oven
temperature: 50 °C (isothermal for 10 min) with an increase of 2 °C min?, to 200 °C,
ending with a 25 min isothermal at 200 °C.

- Mass spectrometry (MS) conditions - voltage (70 eV); scan rate (1 scan s™).

- Retention indices (RI) were calculated by interpolation to the retention times of a mixture
of aliphatic hydrocarbons (C9-C30) analyzed in the same conditions.

- Quantitative analysis (%) of the chemical constituents was performed by flame ionization
gas chromatography (GC/FID), under same conditions of GC/MS analysis and percentages
obtained by FID peak-area normalization method.
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R. officinalis nanoemulsion
The nanoemulsions prepared with R. officinalis essential oil presented transparent

aspect and low mean droplet size (around 10 nm). Higher polydispersity index was
observed on droplet size distribution of nanoemulsion prepared at 50000 ppm. Low
negative (in module) zeta potential values were observed for both nanoemulsions. All the
analyzed parameters are shown on (Table 2).

Table 2. Particle size distribution (droplet size and polydispersity index) and zeta potential
values of nanoemulsions prepared with Rosmarinus officinalis essential oil. Each result
represents mean + standard deviation.

Essential oil Size (nm) Polydispersity Zeta potential
content Index
50000 ppm 9.36 £0.24 0.324+0.015 -4.06£1.75
100000 ppm 10.1+0.1 0.191+0.001 -8.31+1.01

Topical assay
Percentage of mortality from each group recorded at different period are shown in

Table 3. Higher mortality observed for the group treated with nanoemulsion containing
essential oil at 50000 ppm (17.78%, 120 h) was lower than the lower mortality observed for
the group treated with nanoemulsion containing essential oil at 100000 ppm (18.89%, 24
h). After 120 h of application of nanoemulsions containing R. officinalis essential oil, it was
observed that higher percentage of mortality was observed for groups treated with
nanoemulsion containing essential oil at 100000 ppm (200 g per insect, expressed as
essential oil content). This treatment induced 37.78% of mortality on adults after 120 h,
while treatment with nanoemulsion containing essential oil at 50000 ppm (100 upg per
insect, expressed as essential oil content) induced 17.78% of death after the same period.
Mortality on control group after this period was 7.78%. Significant difference between the
nanoemulsion with higher content of essential oil was observed, when compared to control
group and nanoemulsion with lower content of essential oil (F = 9.8773, P = 0.0003, df =
2.42).
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Table 3. Percentage of mortality on adults of Bactrocera carambolae after topical
application with nanoemulsions prepared with Rosmarinus officinalis essential oil. Each
result represents mean + standard deviation

Groups
Period Control 100 pg per insect 200 pg per F valuee 42 p-value
insect

24 h 111+111b 6.67+£3.17 Db 18.89 +4.56 a 8.5644 0.0007
48 h 222+151b 7.718+359 b 20.00+4.93 a 6.6584 0.0030
72 h 222+151Db 10.00 + 3.92 ab 20.00+4.93 a 5.9715 0.0052
96 h 444 +197b 12.22 £3.80 ab 26.67 +7.05a 5.4595 0.0078
120 h 7.78+3.59Db 17.78 £5.97 b 37.78 +6.80 a 9.8773 0.0003

Means with the same letter do not present statistical significant difference (Tukey’s-test at
the level 5% of probability).

100 pg per insect represents topical application of 2 pL of nanoemulsion containing 50000
ppm of rosemary essential oil

200 pg per insect represents topical application of 2 puL of nanoemulsion containing
100000 ppm of rosemary essential oil

Table 4 shows percentage of mortality according to different gender. Higher
percentage of mortality on male was observed on control group (11.11%) and group treated
with nanoemulsion containing essential oil at 100000 ppm (46.67%) (200 pg per insect,
expressed as essential oil content). Higher percentage of mortality on female was observed
after treatment with nanoemulsion containing essential oil at 50000 ppm (20.00%) (100 pg
per insect, expressed as essential oil content). However, no statistical significant difference
was observed between male and female on control group (F = 1.0552, P = 0.3130, df =
1.28), group treated with nanoemulsion containing essential oil at 50000 ppm (F = 0.1717,
P = 0.6817, df = 1.28) and group treated with nanoemulsion containing essential oil at
100000 ppm (F = 2.3236, P = 0.1386, df = 1.28).

Table 4. Percentage of mortality on female and male adults of Bactrocera carambolae after

topical application with nanoemulsions prepared with Rosmarinus officinalis essential oil.
Each result represents mean + standard deviation

Groups Gender F valueq, 28) p-value
Female Male

Control 444 +3.03a 11.11+531a 1.0552 " 0.3130

100 pg per insect 20.00+7.83a 1555+551a 0.1717"™ 0.6817

200 pg per insect 28.89+9.12a 46.67 +8.48 a 2.3236 ™ 0.1386

ns: Means with the same letter do not present statistical significant difference (F test de 5%
of probability).
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100 pg per insect represents topical application of 2 puL of nanoemulsion containing 50000
ppm of rosemary essential oil

200 pg per insect represents topical application of 2 puL of nanoemulsion containing
100000 ppm of rosemary essential oil

Contact assay
The nanoemulsion prepared with essential oil at 100000 ppm was considered more

active on the topical assay and therefore was chosen for contact assay. It induced high
mortality (57.78%) after 120 h, while percentage of mortality on control group after this
same period was 12.22% (Table 5). Significant difference between treated and control
groups was observed (F = 39.3611, P < 0.0001, df = 1.28). Moreover, almost 50% of the
flies died on the first 24 hours, while less than 5% of adults died on the control group after
this period. This significant difference (F = 31.1371, P < 0.0001, df = 1.28) suggests
prominent effect of the nanoemulsion of R. officinalis.

Table 5. Percentage of mortality on adults of Bactrocera carambolae after contact assay

with nanoemulsion prepared with Rosmarinus officinalis essential oil. Each result
represents mean + standard deviation

Groups
Period Control 200 ug per insect  F valueq, 2s) p-value
24 h 4.44+1.97b 4555+7.71a 31.1371 <0.0001
48 h 555+2.10b 50.00£6.90 a 43.8379 <0.0001
72h 6.67+2.18b 5444 +6.19a 52.0736 <0.0001
96 h 10.00+£3.17b 55.55+6.01a 41.0895 <0.0001
120 h 12.22+3.80 b 57.78 £5.60 a 39.3611 <0.0001

Means with the same letter do not present statistical significant difference ((Tukey’s-test at
the level 5% of probability)).

200 pg per insect represents topical application of 2 puL of nanoemulsion containing
100000 ppm of rosemary essential oil

Table 6 shows that mortality on male was higher both on control or treated group.
No significant difference was observed between male and female of the control group (F =
0.8126, P = 0.3750, df = 1.28) (Table 6). However, on treated group, significant difference
was observed (F = 12.4090, P = 0.0014, df = 1.28) and higher percentage of mortality was

observed on male (77.78%), when compared to female (37.78%).
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Table 6. Percentage of mortality on female and male adults of Bactrocera carambolae after
contact assay with nanoemulsion prepared with Rosmarinus officinalis essential oil. Each
result represents mean + standard deviation

Groups Gender F valueq, 28) p-value
Female Male
Control 8.89+394a 1555+551a 0.8126 ™ 0.3750
200 pg per insect 37.78+7.18b 77.78+7.03a 12.4090 0.0014 "

ns: Means with the same letter do not present statistical significant difference (F test de 5%
of probability).

* Means with the same letter do not present statistical significant difference (Tukey’s-test at
the level 5% of probability).

Discussion

We had previously prepared nanoemulsions with R. officinalis essential oil. On the
first investigation, a heating step was performed and allowed achievement of droplets with
mean diameter around 100 nm (Fernandes et al. 2013). However, it is worth mentioning
that this heating step may induce some loss of volatiles of the essential oil during the
nanoemulsification process, when compared to non-heating methods. Some strategies of
non-heating emulsification processes rely on utilization of high-energy devices, which are
able to induce disruptive forces able to generate fine droplets. High pressure
homogenization was the chosen method for obtainment of nanoemulsions with orange
essential oil or limonene (Kourniatis et al. 2010). However, elevated costs of these devices
should encourage development of viable process of nanoemulsification by low cost
methods. A low energy and non-heating titration method proved to successfully generate a
R. officinalis nanoemulsions with larvicidal activity. Droplets with diameter below 200 nm
were achieved, however, a polymodal distribution (pdi around 0.500) with droplets
populations around 10 nm and 100 nm were observed after preparation, with further

maintenance of population around 100 nm (Duarte et al. 2015).

The formulation of R. officinalis essential oil as an oil in water disperse system is
considered a good strategy to minimize evaporation of bioactive volatile on field, to protect
the essential oil from degradation and even increase the shelf life of the pesticide essential
oil (Rodriguez-Rojo et al. 2012). However, to our knowledge, no study was carried out

using rosemary essential oil-based nanostructured systems, including nanoemulsions,
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against B. carambolae. Nanoemulsions prepared with eucalyptus essential oil, which has
great content of 1.8-cineole (66.28 %), and herbal aqueous filtrates were prepared and
assayed against a secondary pest of stored grain (Tribolium castaneum). Contact assay
revealed that the nanoemulsion with mean droplet diameter around 77 nm and
polydispersity index around 0.280 induced 88% of mortality when nanoemulsion

containing 300 ppm was applied (Pant et al. 2014).

Fumigant evaluation of three nanoemulsions prepared by high pressure
homogenization with different essential oils (Ageratum conyzoides, Achillea fragrantissima
and Tagetes minuta) showed the potential of these nanostructured systems against the
cowpea beetle Callosobruchus maculatus, due to improved activity of the nanoemulsified
oils when compared to pure non-nanoemulsified oils (Nenaah et al. 2015). The
nanostructured system containing essential oil of Zanthoxylum rhoifolium was considered
efficient against whitefly (Bemisia tabaci), reducing the number of eggs and nymphs
(Christofoli et al. 2015). The nanoemulsion prepared with extract rich on terpenoids
(pentacyclic triterpenes from a- and -amyrin series) was topically applied to the cotton
pest Dysdercus peruvianus. It induced around 25% of mortality after 5 days of experiment
(Fernandes et al. 2014). Our results are in accordance with previous literature data of
nanoencapsulated essential oils of terpenes, suggesting the potential of this strategy for pest
control. Biological control of B. carambolae was also previously evaluated. Treatment of
substrate with Metarhizium anisopliae induced around 54% of mortality (Silva et al. 2016).
Thus, our results are also in accordance with another strategies that have been considered

promising in integrated practices of B. carambolae control.

After the begging of the topical experiment, it was observed that carambola flies
treated with the nanoemulsion were agitated and aggressive. Some female were fighting
and avoiding approximation of male. This behavior was not observed on the control group.
Despite lower mortality was observed on female, this aggressiveness may interfere
negatively on the populations. This was suggested on termite colonies that had behavioral
changes (enhanced aggressiveness) after application of a botanical insecticide (Bacci et al.

2015). Moreover, it is well known that male and female may present differences on
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behavior to volatiles (Aluja and Norrbom 1999). Changes on behavior was not observed
during the contact bioassay. This may be explained due to the fact that lethal effect was
faster. However, difficult on flight, circular movement around itself and frequent
contraction of abdomen was observed. Several mechanism of action of secondary
metabolites from plant origin have been related, including influence on octopamenergic,
mitochondrial, GABA and cholinergic systems. Probably the insecticidal activity of
complex mixtures involve a multitarget approach and neurotoxic effects may be involved
resulting on hyperactivity and tremor, besides other effects (Rattan 2010). Higher
percentage of mortality on contact bioassay may be related to contact of the nanoemulsion
with their tarsus during the movement of the insects. This morphological structure of
Diptera have chemoreceptive sensilla, responsible by the perception of palate (Buzzi 2010,
Triplehorn and Jonnson. 2011). However, considering that monoterpenoids promptly
permeate inside the insects due to their volatility and lipophilicity and may act by different
patways, elucidation of mechanism of action may be difficulted (Lopez and Pascual-
Villalobos 2010). Therefore, further studies aiming to better investigate these unclear
mechanisms should be performed for better understanding of mortality of B. carambolae

after treatment with the nanoemulsion prepared with R. officinalis essential oil.

Despite the wide range of essential oil compounds, mainly monoterpene and
sesquiterpenes, B. carambolae control is almost restricted to utilization of methyleugenol, a
phenylpropanoid, combined to classical synthetic pesticides that are dangerous to the
environment. On this context, our study provides a new alternative based on essential oil of
R. officinalis, which is an essential oil plant cultivated worldwide and that can attend a
further demand. Moreover, we propose the utilization of this essential oil as a
nanostructured prepared by a simple low energy, low cost and solvent-free method, being a
true ecofriendly nanoproduct. Considering the economical importance of B. carambolae
control and its possible negative impair worldwide, we believe that this study opens
perspective for new insecticidal agents against this pest, which may be very important for

fruticulture.
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6. CONCLUSOES

A nanoemulsdo do 6leo essencial de Rosmarinus officinalis L. apresenta atividade
inseticida contra adultos de Bactrocera carambolae;

Machos de B.carambolae sdo mais vulneraveis a acao inseticida da nanoemulséo do
6leo essencial de R. officinalis

O nosso estudo fornece uma nova alternativa baseada no oOleo essencial de R.
officinalis, que é uma planta de 6leo essencial cultivada em todo o mundo e que
pode atender a uma grande demanda. Além disso, propomos a utilizacdo deste 6leo
essencial como um nanoestruturado preparado por um metodo simples de baixa
energia, baixo custo e sem solventes, sendo um verdadeiro nanoproduto
“ecofriendly”. Considerando a importédncia econdmica do controle de B.
carambolae e seu possivel efeito negativo ao longo do mundo, acreditamos que este
estudo abre perspectivas para novos agentes inseticidas contra esta praga, o que

pode ser muito importante para a fruticultura.
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