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RESUMO 

Objetivou-se neste trabalho realizar o estudo morfoanatômico, a caracterização físico-

química e determinar a composição química, variabilidade sazonal e larvicida dos óleos 

essenciais obtido nas folhas de Campomanesia pubescens (DC.) O. Berg. O material botânico 

foi coletado em Hidrolândia, Goiás. A caracterização morfonanatômica e a triagem 

fitoquímica foram realizadas por métodos convencionais. Amostras pulverizadas foram 

submetidos a hidrodestilação em aparelho de Clevenger e a identificação dos componentes 

químicos dos óleos voláteis obtidos foi por CG-EM. A atividade larvicida foi realizada com 

larvas do Aedes aegypti em terceiro estádio. A lâmina foliar, a nervura principal e o caule 

jovem apresentam epiderme uniestratificada revestida por cutícula. O mesofilo e o parêquima 

cortical da nervura principal e caule jovem apresentam cavidades secretoras e idioblastos com 

cristais. A nervura principal contém feixe bicolateral em arco aberto. O caule jovem, possui 

uma faixa esclerenquimática descontínua externa ao floema. Os compostos majoritários dos 

óleos essenciais foram o espatulenol, óxido de cariofileno, α-macrocarpeno e z-cariofileno. 

Na triagem fitoquímica foram detectados taninos, esteróides/triterpenos, flavonoides e fenóis 

totais. O teor de compostos voláteis foi de 7,36%, o de cinzas totais foi de 1,77% e o índice de 

intumescência foi de 3,52 ml. O óleo volátil na concentração utilizada foi inativo frente às 

larvas de Ae. aegypti. O presente estudo contribuiu para o conhecimento taxonômico da 

espécie e fornece parâmetros de controle de qualidade da matéria-prima vegetal. Esse trabalho 

representa a primeira descrição dos compostos químicos e variabilidade sazonal dos óleos 

voláteis das folhas de C. pubecens coletadas em Goiás. 

Palavras chaves: Anatomia vegetal; Cerrado; Óleo essencial; Plantas medicinais; 

Atividade larvicida. 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 

The aim of this study was to perform from the morpho-anatomical study, 

physicochemical characterization, chemical composition, seasonal variability and larvicidal 

activity of the volatile oils of Campomanesia pubescens (DC.) O. Berg leaves. The botanical 

material was collected in Hidrolândia, Goiás. Morpho-anatomical characterization and 

phytochemical screening were performed by conventional methods. Pulverized samples were 

submitted to hydrodistillation in the Clevenger apparatus and the identification of the 

chemical components of the volatile oils obtained was done by GC-MS. The larvicidal 

activity was carried out with third-stage larvae of the Aedes aegypti. The leaf blade, the main 

vein, and the young stem have a uni-stratified epidermis covered by a cuticle. The mesophyll 

and cortical parenchyma of the main vein and young stem have secretory cavities and 

idioblasts with crystals. The main rib contains a bicolateral bundle in an open arch. The young 

stem has a discontinuous band of sclerenchyma external to the phloem cells. Most volatile oil 

compounds are spathulenol, caryophyllene oxide, α-macrocarpene, and z-caryophylleneIn 

phytochemical analysis, tannins, digitalis, flavonoids, and total phenols were detected. The 

content of volatile compounds was 7.36%, that of total ash was 1.77%, and that of mucilage 

was 3.52 ml. The volatile oil at the concentration used was inactive against Ae aegypti larvae. 

The present study contributes to the taxonomic knowledge of the species and provides 

parameters for quality control of the plant raw material. This work represents the first 

description of the chemical compounds and seasonal variability of volatile oils from C. 

pubescens leaves collected in Goiás state. 

Keywords: Plant anatomy; Cerrado; Essential oil; Medicinal plants; Larvicidal 

activity. 
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1. INTRODUÇÃO 

O Cerrado é considerado o segundo maior bioma brasileiro, com uma área de 

2.036.448 km2 que abrange estados de Goiás, Tocantins, Mato Grosso, Mato grosso do Sul, 

Minas Gerais, Bahia, Maranhão, Piauí, Rondônia, Paraná, São Paulo, Distrito Federal, 

Amapá, Roraima, Amazonas e em porcentagens menores (cerca de 1%) na Bolívia e no 

Paraguai. Nele concentra-se nascentes que compõe as três maiores bacias hidrográficas da 

América do Sul, destacando sua importância hidrográfica (BRASIL, 2014). 

É conhecido por sua biodiversidade, com cerca de 12.000 espécies de plantas nativas 

já catalogadas, dentre estas 34,9% são endêmicas. Contém cerca de 13,4% das espécies 

neotropicais e 1,5% das espécies mundiais. O Cerrado abriga mais de 250 espécies de 

mamíferos, 850 espécies de aves, 800 espécies de peixes, 260 espécies de répteis e 200 

espécies de anfíbios (MITTERMEIER, 2004).  

Apresenta mais de 10 tipos de frutos comestíveis, que geram comércio na população 

local e vendidos em centros urbanos, tais como pequi (Caryocar brasiliense Cambess.), buriti 

(Mauritia flexuosa L. f.), mangaba (Hancornia speciosa Gomes), cagaita (Eugenia 

dysenterica DC.), cacupari (Salacia crassifolia (Mart. ex Schult.) G. Don), cajuzinho do 

cerrado (Anacardium humile A. St.-Hil.), araticum (Annona crassifolia Mart.) e as sementes 

do barú (Dipteryx alata Vogel) (BRASIL, 2014). 

Cerca de 220 espécies vegetais têm uso medicinal de grande valor para os povos 

nativos no cuidado da saúde familiar e nos atendimentos de saúde. São conhecidos por 

raizeiros, raizeiras, benzedores, benzedeiras, parteiras, parteiros, entre outras denominações o 

indivíduo local que é responsável por identificar e coletar partes da planta medicinal para 

preparar e indicar medicamentos (BRASIL, 2014; EVANGELISTA, LAUREANO, 2007). 

A grande variedade de plantas medicinais no Cerrado se dá devido as características 

morfológicas das plantas, por exemplo, os xilopódios que são reservatórios de água que 

produzem substâncias farmacologicamente ativas. Também apresenta grande diversidade 

taxonômica, com grande distanciamento filogenético entre as espécies o que permite grande 

diversidade química (FARNSWORTH, 1988). Muitas espécies medicinais do Cerrado já 

possuem estudos científicos, com possibilidades de avanço em tratamentos de saúde para cura 

e alívio de enfermidades. No entanto, deve ser ressaltado a importância da medicina 

tradicional dos povos primitivos que permitem a observação, a experimentação utilizada para 

busca da saúde e religião (RAMOS et al., 2019). 
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Contudo, conforme o estudo de Indicadores de Desenvolvimento Sustentável – IDS, 

até 2008, o desmatamento no Cerrado já havia comprometido cerca de 50% de sua área, 

superando a destruição dos demais biomas. Cerca de 131 espécie da flora e 99 da flora 

estavam ameaçadas de extinção. Devido as alterações humanas com o intuito de abertura de 

novas áreas para expansão da fronteira agrícola observa-se um esgotamento dos recursos 

naturais da área. De acordo com o Mapbiomas, entre 1985 e 2020, o Cerrado apresentou 

perda de 19,8% de sua vegetação nativa e houve um crescimento de 5,6x da área de 

agricultura. 45,6% das paisagens que compõem seus 2 milhões de km2 – campos, savanas e 

florestas - foram desmatadas e antropizadas, sendo 265 mil km2 substituídos por 

monoculturas e pastagens, além disso, os 54,4 % restantes estão sofrendo constantes ataques e 

degradação. 

O bioma apresenta extensa diversidade e grande parte ainda desconhecida, 

considerada a savana mais rica do mundo com possibilidades de fornecer novos princípios 

ativos para medicamentos, cosméticos e alimentação. O Cerrado é considerado um hotspots e 

estima se que 20% das espécies nativas e endêmicas já não estão presentes em áreas 

protegidas (BRASIL, 2014; MYERS et al., 2000). 

Desde março de 2020, após a Organização Mundial da Saúde (OMS) decretar a 

pandemia da COVID-19, ocasionada pelo vírus SARS-Cov2, as demais doenças infecciosas 

foram ofuscadas. Segundo a OMS, em 2020, 219 milhões de pessoas foram afetadas pela 

malária e cerca de 2,7 milhões de pessoas foram diagnosticadas com dengue. Destes casos da 

dengue, 36,5% foram no Brasil e metade ocorreu na região Centro-Oeste (BRASIL,2021). 

O mosquito Aedes aegypti, vetor da dengue, chikungunya e zika, tem origem africana. 

O desenvolvimento desse vetor é acelerado em locais com baixa infraestrutura em 

saneamento básico e em condições precárias (BRASIL, 2021). O cenário atual de destruição 

do cerrado e perda da vegetação nativa acarreta diversos problemas à população, como o 

aumento do número de infecções por vírus de vetores. O desmatamento afeta de forma direta 

as relações ecológicas do bioma (ROSA, 2013; NAVA et al., 2017), de forma que diminui os 

predadores de mosquitos devido à falta de habitat e promove melhores condições ambientais 

para o desenvolvimento de vetores (por exemplo, aumento da temperatura e disponibilidade 

de alimentos). Portanto, de forma indireta, causa danos à saúde pública (HSIANG et al., 2020; 

MILINOVICH et al., 2014). 

A dengue é uma doença infecciosa aguda benigna ou grave de fácil transmissão pela 

picada de mosquitos infectados (fêmea). Considerada um problema de saúde pública devido à 

alta taxa de incidência e letalidade (BRASIL,2021). Entre 2001 e 2019, foram relatados 
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7.950.624 casos de dengue no cerrado brasileiro e 281.833.32 km2 de áreas nativas 

desmatadas. Segundo o estudo de Pereira et al. (2014), é possível observar a correlação entre 

a incidência de casos de dengue e o desmatamento. Por exemplo, no estudo, os estados 

formaram alguns grupos de acordo com suas características diante aos fatores analisados, 

Goiás e Mato Grosso do Sul se destacaram por apresentar alta incidência de casos de dengue e 

alta taxa de destruição da área nativa. Bahia e o Maranhão formaram outro grupo com menor 

taxa de casos e desmatamento moderado.  

Na ausência de cobertura vacinal, para o controle destas arboviroses destaca-se o uso 

de larvicidas e inseticidas, principalmente nos períodos endêmicos (CARVALO et al., 2017; 

AL-MUHANDIS et al., 2011). Em 2002, o governo instituiu o Programa Nacional de 

Controle da Dengue (PNCD), que propôs formas de combate as arboviroses enfatizando a 

importância da adesão social e incentivar as pessoas no controle da criação de possíveis 

criadouros (BRASIL, 2002). Além de técnicas físicas e químicas, estratégias genéticas 

também têm sido utilizadas, como por exemplo a infecção do Ae. aegypti com a bactéria 

wolbachia, que permite uma incompatibilidade no mosquito, capaz de interromper a cadeia de 

transmissão de doenças, como a dengue (BATISTA et al., 2017). 

A resistência aos inseticidas é uma das principais ameaças ao controle de insetos. No 

Brasil, o Ministério da Saúde utiliza apenas inseticidas recomendados pela Organização 

Mundial da Saúde (OMS). São utilizadas quatro classes, todas neurotóxicas: 

organofosforados, carbamatos, piretróides e organoclorados. Mais recente foi aceito o uso das 

espinosinas. Com o intuito de diminuir a resistência dos mosquitos, a Rede Nacional de 

Monitoramento da Resistência de Ae. aegypti, indica o uso de larvicidas em conjunto com 

inseticidas, ambos de classes distintas (VALLE et al., 2015).  

Como alternativa de controle químico, têm se realizado estudos com alguns produtos 

naturais, como óleos essenciais de plantas, para utilização como larvicidas. A presença de 

determinados grupamentos químicos nestes óleos essenciais pode aumentar ou diminuir a 

atividade larvicida (SANTOS et al., 2010; SANTOS et al., 2011; PEREIRA et al., 2014). 

Existe grande interesse em estudos com o intuito de produzir larvicidas eficazes e seguros 

para os humanos e para o ambiente. Segundo Santos et al. (2011), no seu estudo, 21 

compostos apresentaram boa atividade larvicida contra Ae. aegypti, e os mais lipofílicos 

apresentaram maior potência. Vale salientar que além do efeito larvicida, estes compostos 

mostraram um efeito residual prolongado nos depósitos onde são aplicados. 

No Cerrado, as famílias mais representadas são Leguminosae (POLHILL et al., 1981), 

Asteraceae (Compositae), Orchidaceae, Poaceae (Gramineae), Melastomataceae, 



17 

 

Eriocaulaceae, Rubiaceae, Myrtaceae, Euphorbiaceae e Lamiaceae que compreendem 5,84% 

do total das famílias no Cerrado, mas que tem representatividade de 49,14% das espécies 

encontradas (MACHADO et al., 2008). No Brasil, Myrtaceae (LANDRUM; KAWASAKI, 

1997) compreende cerca de 100 gêneros e 3.500 espécies de árvores e arbustos distribuído 

pelos continentes, exceto Antártica, com predominância nas regiões tropicais e subtropicais 

(BARROSO, 1984; MARCHIORI; SOBRAL, 1997). No Cerrado, são encontrados 21 

gêneros e cerca de 344 espécies (MACHADO et al., 2008).  

 As espécies de Myrtaceae apresentam características como folhas simples, com 

glândulas oleíferas, flores polistêmones com ovário mediano a ínfero (CONTI et al., 1997). 

As estruturas secretoras de óleos essenciais presentes nas partes vegetativas e reprodutivas das 

plantas são uma característica desta família (METCALFE; CHALK, 1950; CRONQUIST, 

1981; BARROSO et al., 1984; PADOVAN et al., 2014). Os óleos essenciais são complexos 

em sua composição, apresentando geralmente monoterpenos, sesquiterpenos e 

fenilpropanóides. Muitas funções orgânicas são exercidas por estes compostos como fenóis, 

éteres, álcoois, ésteres, aldeídos e cetonas, responsáveis pelas diversas finalidades do uso dos 

óleos essenciais (PICHERSKY; GERSHENZON, 2002).  

O gênero Campomanesia é um dos mais importantes e bem definidos da família, com 

árvores e arbustos distribuídos da Argentina à Trindade, da costa do Brasil aos Andes no 

Peru, Ecuador e Colômbia (LANDRUM, 1982; LANDRUM, 1896). Segundo Berg (1855-

1856, 1857-1859) apud Landrum (1986), Campomanesia apresenta ovário multilocular, com 

cerca de 4 a 11 lóculo multiovulares e os óvulos presos no interior do lóculo em duas fileiras 

com sementes de modo circular. A testa das sementes é membranácea glandular-verrugosa. 

Estudos demonstram que Campomanesia apresenta em maior quantidade monoterpenos e 

sesquiterpenos nos óleos essenciais de flores, frutos além de chalcona, flavonóides nas folhas 

(OLIVEIRA et al., 2016). 

A Campomanesia pubescens, conhecida popularmente como gabirobeira, guabiroba, 

guabiroba-do-campo ou guavira é considerada um arbusto que apresenta de 60 a 80 cm de 

altura, normalmente observado em arbustos, com frutificação predominante nos meses de 

setembro a outubro, as flores são brancas e os frutos são verdes globosos, pequenas sementes 

e a polpa amarelada quando madura, com sabor adocicado (SILVA et al., 2009). Já o óleo da 

semente da C. pubescens é rico em compostos fenólicos que são importantes na redução 

oxidativa dos lipídios presentes no tecido vegetal. Estes compostos sequestram radicais livres, 

os quais são responsáveis por retardar o envelhecimento celular (ULIANA, 2017). 
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2. OBJETIVOS 

2.1. Objetivos Gerais 

Realizar estudo morfoanatômico, variabilidade sazonal e atividade larvicida dos óleos 

voláteis das folhas de Campomanesia pubescens (DC.) O. Berg (Myrtaceae). 

 

2.2. Objetivos Específicos 

✓ Realizar o estudo morfológico visando à identificação botânica; 

✓ Realizar triagem fitoquímica do pó das folhas; 

✓ Avaliar os teores de voláteis e cinzas totais das folhas; 

✓ Extrair e caracterizar quimicamente os óleos voláteis das folhas e avaliar a 

variabilidade sazonal dos compostos químicos. 

✓ Avaliar a atividade larvicida dos óleos voláteis das folhas contra larvas de Aedes 

aegypti. 
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3. METODOLOGIA 

3.1. Material vegetal 

Folhas de C. pubescens da região do Cerrado foram coletadas mensalmente por 12 

meses em Hidrolândia, Goiás, Brasil (786 m de altitude, 16°53'59”S e 49°13'29”W) entre os 

meses de agosto de 2018 até julho de 2019. O Prof. Dr. José Realino de Paula fez a 

identificação botânica e uma exsicata foi depositado no Herbário da Universidade Federal de 

Goiás (n. 67844). 

3.2. Caracterização macroscópica 

A identificação, as descrições morfológicas e fenológicas de C. pubescens foram feitas 

à vista desarmada, mensalmente durante 12 meses, in loco, utilizando o microscópio 

estereoscópico Olympus SZ-ST e bibliografias especializadas (GENTRY, 1992, LORENZI et 

al., 2003, MARTIUS, 1897). 

3.3. Estudo anatômico 

Para o estudo anatômico, as folhas foram fixadas em FPA 70% (formaldeído, ácido 

propiônico e etanol 70% 1:1:18 V/V) por 48 horas e conservadas em etanol 70%. Foram 

realizados cortes paradérmicos do limbo foliar (terço médio da região intercostal), cortes 

transversais do limbo foliar (margem foliar, terço médio da região intercostal e nervura 

principal); pecíolo (região mediana) e ramos caulinares jovens (segundo entrenó), corados 

com Alcian blue/safranina 9:1 (Kraus & Arduin, 1997) e Steinmetz (COSTA, 2001). O 

registro fotográfico das estruturas anatômicas foi realizado em fotomicroscópio (Zeiss-

Axiostar plus) com câmera digital acoplada (Canon Power Shot G10) utilizando o software 

Axion Vision 4.8. 

3.4. Obtenção da droga vegetal 

As folhas coletadas foram secas em estufa de circulação a 40ºC por 48 horas e 

pulverizadas em triturador comercial com copo monobloco inox LS-08MB-N (Skymsen 

Metalúrgicas Siemsen LTDA, Brasil). O pó obtido foi destinado para a triagem fitoquímica, 

teor de voláteis, teores de cinzas totais e insolúveis. 

3.5. Triagem fitoquímica 

Na triagem fitoquímica, foram investigados antraquinonas (formação de fenatos de 

amônio), cumarinas (hidrólise alcalina e observação em luz ultravioleta), esteróides e 

triterpenos (reações de Liebermann-Burchard e Salkowski); heterosídeos digitálicos (reações 
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de Liebermann-Burchard, Kedde e Keller-Kiliani); amido (lugol); alcalóides (Mayer, 

Dragendorff, Bouchardat, Bertrand, reagentes de Hager, ácido tânico a 1%); heterosídeos 

flavonóides (reação de Shinoda; oxálico-bórico; com concentrado de H2SO4; com hidróxido 

alcalino; cloreto de alumínio e cloreto férrico); saponinas (índice de espuma); taninos (reações 

com gelatina, sulfato de quinino 1%, acetato de cobre 4%, cloreto férrico 2% e hidróxido de 

sódio 20%) e metilxantinas (reação murexida) (COSTA, 2001; CUNHA, 2005). 

3.6. Teor de voláteis 

A determinação do teor de compostos voláteis foi realizada em um analisador de 

umidade que produz radiação na região do infravermelho utilizando uma lâmpada de 

halogênio (Ohaus modelo MB35) (BRASIL, 2010). Para isso, pesou-se 1 g do fármaco 

vegetal em pó, distribuiu-se o material uniformemente sobre a placa da balança e aqueceu-se a 

cuba até peso constante. Após iniciar o processo, o teor de voláteis foi mostrado no display 

digital do aparelho em aproximadamente 10 minutos. O experimento foi realizado em 

triplicata, calculando-se a média, o desvio padrão e o coeficiente de variação (BRASIL, 

2010).  

3.7. Teor de cinzas totais 

Para determinação de teor de cinzas totais foi pesado exatamente 3g de amostra 

previamente pulverizada e transferida para um cadinho previamente calcinado. A amostra foi 

incinerada aumentando gradualmente a temperatura: 30 minutos a 200 ºC, 60 minutos a 400 

ºC e 90 minutos a 600 ºC. Foi resfriado em dessecador e pesado. O experimento foi realizado 

em triplicata (BRASIL, 2010). 

3.8. Índice de intumescimento 

Para determinar o índice de intumescimento, pesou-se 1 g do pó das folhas e  

transferiu-se para um béquer de 25 ml, mediu-se o volume do pó no béquer e adicionou-se 25 

ml de água. O béquer foi tampado com uma cobertura de solo e agitado a cada 10 minutos por 

1 hora. Após agitação, a mistura foi deixada em repouso por 3 horas à temperatura ambiente. 

Ao final, foi medido o volume de material vegetal mais mucilagem. O experimento foi 

realizado em triplicata (BRASIL, 2010). 

3.9. Extração, obtenção e análise do óleo essencial 

Para análise dos óleos voláteis, foram coletadas folhas de dois espécimes diferentes da 

C. pubescens mensalmente, secas em estufa com circulação de ar a 40 °C por 24 horas, 
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trituradas imediatamente antes da extração do óleo volátil. 90g do pó foram submetidos à 

hidrodestilação em aparelho tipo Clevenger por 2 h. Após a secagem com Na2SO4 anidro, os 

óleos foram armazenados em frascos de vidro a uma temperatura de -18°C até posterior 

análise. Cada experimento foi realizado em triplicata. A composição dos óleos voláteis das 

folhas foi analisada usando uma coluna cromatográfica Shimadzu GC/MS-QP2010A 

equipado com uma coluna capilar de sílica fundida DB-5 (30 m × 0,25 mm I.D.; 0,25 µm de 

espessura de filme) (composta por 5% de fenilmetil polisiloxano). O seguinte programa de 

temperatura foi usado: a temperatura foi aumentada de 60-240°C a uma taxa de 3°C/min e 

depois para 280°C a uma taxa de 10°C/min, terminando com 10 min a 280°C. O gás de 

arraste (hélio) apresentou vazão de 1 mL/min, e o modo split teve proporção de 1:20. A porta 

de injeção foi ajustada para 225°C. Os parâmetros operacionais para o espectrômetro de 

massa quadrupolo foram os seguintes: a temperatura da interface foi ajustada para 240 °C e a 

ionização por impacto de elétrons para 70 eV, com uma faixa de massa de varredura de 40-

350 m/z a uma taxa de amostragem de 1 varredura/ s. Os componentes foram identificados 

por comparação dos índices de retenção dos componentes com os dos n-alcanos C9–C28 e 

comparação dos espectros de massa com dados da literatura (VAN DEN DOOL; KRATZ, 

1963; ADAMS, 2007).  

A análise de componentes principais (ACP) foi usada para avaliar as possíveis inter-

relações entre os compostos encontrados em óleos voláteis de folhas coletados em diferentes 

meses ao longo de 1 ano usando o software Statistica 7 (Statsoft Inc., Tulsa). A análise de 

agrupamento foi aplicada para estudar a similaridade das amostras com base na distribuição 

dos constituintes, e o agrupamento hierárquico foi realizado de acordo com o método de 

variância mínima de Ward (WARD, 1963). A análise discriminante canônica (ADC) foi 

empregada para detectar o padrão de distribuição das amostras e identificar os componentes 

que diferiam entre os grupos. 

3.10. Atividade larvicida 

Para avaliar a atividade larvicida, o óleo volátil das folhas de C. pubecens coletadas 

em abril de 2020 foi preparado em diluições seriadas de 100-20 μg/ml. Vinte larvas de Ae. 

aegypti no terceiro estágio de desenvolvimento foram expostas a 25 mL da solução teste e os 

eventos de mortalidade foram quantificados após 24 horas. Todos os ensaios foram realizados 

em triplicata em câmara biológica com temperatura de 25°C ± 1°C, umidade relativa de 85% 

± 5% e fotoperíodo de 12 h (SILVA et al., 2003; OMS, 2005). Água e surfactante foram os 

controles negativos e o controle positivo utilizado foi o temefós 0,012 µg/mL. Os resultados 
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foram analisados por meio de regressão não linear (PROBIT), Statistica 12.0. Os seguintes 

critérios foram usados para avaliar a atividade larvicida: concentração letal 50 (CL50) ≤ 50 

µg/mL foi considerada muito ativa, CL50 entre 50 e 100 µg/mL ativa e CL50 ˃100 µg/mL 

inativa (SILVÉRIO et al., 2020). 
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Abstract 

The aim of this study was to perform from the morpho-anatomical study, 

physicochemical characterization, chemical composition, seasonal variability and larvicidal 

activity of the volatile oils of Campomanesia pubescens (DC.) O. Berg leaves. The botanical 

material was collected in Hidrolândia, Goiás. Morpho-anatomical characterization and 

phytochemical screening were performed by conventional methods. Leaf powders were 

submitted to hydrodistillation in the Clevenger apparatus and the identification of the 

chemical components of the volatile oils obtained was done by GC-MS. The larvicidal 

activity was carried out with third-stage larvae of the Aedes aegypti. The leaf blade, the main 

vein, and the young stem have a uni-stratified epidermis covered by a cuticle. The mesophyll 

and cortical parenchyma of the main vein and young stem have secretory cavities and 

idioblasts with crystals. The main rib contains a bicolateral bundle in an open arch. The young 

stem has a discontinuous band of sclerenchyma external to the phloem cells. Most volatile oil 

compounds are spathulenol, caryophyllene oxide, α-macrocarpene, and z-caryophylleneIn 

phytochemical analysis, tannins, digitalis, flavonoids, and total phenols were detected. The 

content of volatile compounds was 7.36%, that of total ash was 1.77%, and that of mucilage 

was 3.52 ml. The volatile oil at the concentration used was inactive against Ae aegypti larvae. 

The present study contributes to the taxonomic knowledge of the species and provides 

parameters for quality control of the plant raw material. This work represents the first 

description of the chemical compounds and seasonal variability of volatile oils from C. 

pubescens leaves collected in Goiás state. 

Keywords: Plant anatomy; Cerrado; Essential oil; Medicinal plants; Larvicidal 

activity. 

 

Resumo 

 Objetivou-se neste trabalho realizar o estudo morfoanatômico, a caracterização físico-

química e determinar a composição química, variabilidade sazonal e larvicida dos óleos 

essenciais obtido nas folhas de Campomanesia pubescens (DC.) O. Berg. O material botânico 

foi coletado em Hidrolândia, Goiás. A caracterização morfonanatômica e a triagem 

fitoquímica foram realizadas por métodos convencionais. Os pós das folhas foram submetidos 

a hidrodestilação em aparelho de Clevenger e a identificação dos componentes químicos dos 

óleos voláteis obtidos foi por CG-EM. A atividade larvicida foi realizada com larvas do 

terceiro estágio do mosquito Aedes aegypti. A lâmina foliar, a nervura principal e o caule 

jovem apresentam epiderme uniestratificada revestida por cutícula. O mesofilo e o parêquima 
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cortical da nervura principal e caule jovem apresentam cavidades secretoras e idioblastos com 

cristais. A nervura principal contem feixe bicolateral em arco aberto. O caule jovem, possui 

uma faixa esclerenquimática descontínua externa ao floema. Os compostos majoritários dos 

óleos essenciais foram o espatulenol, óxido carifileno, α-macrocarpeno e z-cariofileno. Na 

triagem fitoquímica foram detectados taninos, digitálicos, flavonoides e fenóis totais. O teor 

de compostos voláteis foi de 7,36%, o de cinzas totais foi de 1,77% e o de mucilagem foi de 

3,52 ml. O óleo volátil na concentração utilizada foi inativo frente às larvas de Ae. aegypti. O 

presente estudo contribui para o conhecimento taxonômico da espécie e fornece parâmetros 

de controle de qualidade da matéria-prima vegetal. Esse trabalho representa a primeira 

descrição dos compostos químicos e variabilidade sazonal dos óleos voláteis das folhas de C. 

pubecens coletadas em Goiás. 

Palavras-Chave: Anatomia vegetal; Cerrado; Óleo essencial; Plantas medicinais; 

Atividade larvicida. 

 

Resumen 

El objetivo del presente trabajo fue realizar el estudio morfoanatómico, la 

caracterización físico-química y determinar la composición química, variabilidad estacional y 

larvicida de los aceites esenciales obtenidos en las hojas de Campomanesia pubescens (DC.) 

O. Berg. El material botánico fue recolectado en Hidrolândia, Goiás, la caracterización 

morfonanatómica y el cribado fitoquímico se realizaron por métodos convencionales. Los 

polvos foliares se sometieron a hidrodestilación en aparato Clevenger y la identificación de 

los componentes químicos de los aceites volátiles obtenidos fue por CG-EM. La actividad 

larvicida se realizó con larvas del tercer estadio del mosquito Aedes aegypti. El limbo de la 

hoja, el nervio principal y el tallo joven tienen una epidermis uniestratificada cubierta por 

cutícula. El mesófilo y el parénquima cortical de la vena principal y el tallo joven tienen 

cavidades secretoras e idioblastos con cristales. La costilla principal contiene un haz 

bicolateral en un arco abierto. El tallo joven tiene una banda esclerénquima discontinua 

externa al floema. Los compuestos principales de los aceites esenciales fueron espatulenol, 

óxido de carifileno, α-macrocarpeno y z-cariofileno. En el cribado fitoquímico se detectaron 

taninos, digitálicos, flavonoides y fenoles totales. El contenido de compuestos volátiles fue 

del 7,36%, el de cenizas totales fue del 1,77% y el de mucílagos fue de 3,52 ml. El aceite 

volátil en la concentración utilizada fue inactivo contra las larvas de Ae. aegypti. El presente 

estudio contribuye al conocimiento taxonómico de la especie y proporciona parámetros para 
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el control de calidad de la materia prima vegetal. Este trabajo representa la primera 

descripción de los compuestos químicos y la variabilidad estacional de los aceites volátiles de 

las hojas de C. pubecens recolectadas en Goiás. 

Palabras clave: Anatomía vegetal; Cerrado, Aceite esencial; Plantas medicinales; 

Actividad larvicida. 

 

1. Introduction  

The Myrtaceae family contains 131 genera and 5,900 species. A total of 23 genera 

and about 1034 species are distributed in Brazilian regions such as Amazon, Caatinga, 

Cerrado, Atlantic Forest, Pampa, and Pantanal (Sobral, et al., 2015).  

The genus Campomanesia Ruiz & Pav. contains about 80 species (APG IV, 2016). 

About 31 species are presentes in the Brazilian territory (Sobral, et al., 2015). Five species 

occur in Goiás state, including Campomanesia adamantium (Cambess.) O. Berg, 

Campomanesia eugenioides (Cambess.) D. Legrand ex L. R. Landrum, Campomanesia 

pabstiana Mattos & D. Legrand, Campomanesia sessiliflora (O. Berg) Mattos Campomanesia 

pubescens (DC.) O. Berg, (Forzza, 2010). This genus is characterized by 4–18 locular ovary. 

Inflorescences are dichasium, unifloras, or racemes. The flowers have an open to fully closed 

chalice, arranged in irregular lobes (Landrum, 1986; Landrum & Kawasaki 1997).  

Campomanesia pubescens (DC.) O. Berg (Myrtaceae) is widely known as “gabiroba” 

and is a shrub or sub-shrub with 0.5–1.5 m high. Due to its small size, it can be grown in 

association with other tree fruits, allowing greater production of food by area.  Studies show 

that in the Cerrado in Goiás, the species blooms from September to November (Almeida, et 

al., 1998). The fruits have a sweet taste and can be consumed in nature or processed in the 

form of pulps, juices, ice cream, soft drinks, sweets, puddings, liqueurs, smoothies or tanned 

in cachaça (Sano & Almeida, 1998). C. pubescens are popularly employed to combat diseases 

of the urinary tract and diarrhea and have an astringent action (Rodrigues & Carvalho, 2001). 

C. pubescens is an aromatic shrub, containing secretory cavities that produce volatile 

oil. Scientific studies have found ledol and globulol (Cardoso, et al., 2009) to be the major 

constituents of the volatile oils in the flowers of C. pubecens collected in Mato Grosso do Sul, 

from the fruits collected in the state of Minas Gerais, limonene, and eucalyptol, in eucalyptus 

branches, and spatulenol, in the roots bicyclogermacrene, and spatulenol and the leaves, 

bicyclogermacrene and 1,8 cineol (Chang, et al., 2011).  

An in vitro study conducted with extracts and hexane fractions of the fruits of C. 

pubescens, found antimicrobial activity against Staphylococcus aureus, Pseudomonas 
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auruginosa, Escherichia coli, Salmonella setubal, Saccharomyces cerevisiae and Candida 

albicans (Cardoso et al., 2010). In another investigation by Guerrero, et al. (2010) 

demonstrated an increase in the number of monocytes in hematological tests in rats after 

administration of the hydroethanolic extract of C. pubescens leaves, suggesting an anti-

inflammatory activity. There are no reports in the literature on the seasonal variability of 

volatile oil compounds or the biological activity of C. pubescens on Aedes aegypti larvae, but 

studies with other species of the Myrtaceae family, such as Eucalyptus, Pepper, Psidium, and 

Syzygium, have verified larvicidal action (Dias, et al., 2014). 

The mosquito Ae aegypti is the vector of human arboviruses, it breeds in standing 

water (Consoli & Oliveira, 1994). The main preventive measure is the use of larvicides 

associated with the elimination of mosquito breeding sites (Zara, et al., 2016). These 

chemicals can be toxic to humans and other living organisms causing environmental problems 

(Amer & Mehlhorn, 2006; Oliveira, et al., 2016). Ecologically sustainable insecticides with 

lower toxicity and biodegradability are well accepted in this context, volatile oils being an 

important source (Isman, 2020; Viana, et al., 2018). 

Due to the pharmacological potential, this work aimed to carry out the 

morphoanatomical study of C. pubescens, the quality control of plant raw material 

(phytochemical screening, content of volatile compounds, total ash, particle size and 

intumescence index), extract and analyze the chemical constituents of the volatile oils from 

the leaves, check the monthly variability of volatile oil compounds for a year and their 

larvicidal activity on third stage larvae of the Aedes aegypti mosquito. 

 

2. Methodology 

Leaves of C. pubescens from Cerrado region were collected for 12 monthly in 

Hidrolândia, Goiás, Brazil (786 m altitude, 16 ° 53 '59” S and 49 ° 13' 29” W). Prof. Dr. José 

Realino de Paula identified the specimen and a voucher specimen was deposited at the 

Herbarium of the Federal University of Goiás (n. 67844).  

Identification, morphological and phenological descriptions of C. pubescens were 

made with the naked eye, every month for 12 months, in loco, and using the stereoscopic 

microscope Olympus SZ-ST and specialized bibliographies (Gentry, 1992, Lorenzi, et al., 

2003, Martius, 1897). 

For the anatomical study, the leaves were fixed in 70% FPA (formaldehyde, propionic 

acid, and 70% ethanol 1: 1: 18 V / V) for 48 hours and preserved in 70% ethanol. Paradermic 

sections of the leaf blade (middle third of the inter rib region) were carried out, cross sections 
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of the leaf blade (leaf margin, middle third of the inter rib region and the main rib); petiole 

(median region) and young stem branches (second internode internode), stained with Alcian 

blue/safranin 9: 1 (Kraus & Arduin, 1997) and Steinmetz (Costa, 2001). Photographic 

recording of the anatomical structures was performed in a photomicroscope (Zeiss-Axiostar 

plus) with a coupled digital camera (Canon Power Shot G10) using the Axion Vision 4.8 

software.  

For analysis of volatile oils, leaves were collected from ten different individuals 

monthly, oven-dried with air circulation at 40 °C for 24 hours, triturated immediately before 

volatile oil extraction. 90g of th poder was submitted to hydrodistillation in a Clevenger-type 

apparatus for 2 h. After drying with anhydrous Na2SO4, the oils were stored in glass vials at a 

temperature of -18 °C until further analysis. Each experiment was performed in triplicate. The 

composition of the volatile oils from leaves was analyzed using a Shimadzu GC/MS-

QP2010A fitted with a fused silica SBP-5 (30 m × 0.25 mm I.D.; 0.25 µm film thickness) 

capillary column (composed of 5% phenylmethyl polysiloxane). The following temperature 

program was used: the temperature was raised from 60-240 °C at a rate of 3 °C/min and then 

to 280 °C at a rate of 10 °C/min, ending with 10 min at 280 °C. The carrier gas (helium) had 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. The operating parameters for the quadrupole mass spectrometer were as follows: the 

interface temperature was set to 240 °C and the electron impact ionization to 70 eV, with a 

scan mass range of 40-350 m/z at a sampling rate of 1 scan/s. The components were identified 

by comparison of the retention indices of the components to those of C9–C28 n-alkanes and 

comparison of the mass spectra with literature data (Van Den Dool & Kratz, 1963; Adams, 

2007). 

Principal component analysis (PCA) was used to evaluate the possible 

interrelationships between the compounds found in volatile leaf oils collected at different 

months throughout 1 year using Statistica 7 software (Statsoft Inc., Tulsa). Cluster analysis 

was applied to study the similarity of the samples based on the distribution of the constituents, 

and hierarchical grouping was performed according to Ward's minimum variance method 

(Ward, 1963). Canonical discriminant analysis (DCA) was employed to detect the pattern 

distribution of samples and to identify the componentes that differed between the groups.  

 The climatic data in this period were obtained from data from the National Institute 

of Meteorology (INMET, 2020). 
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For phytochemical studies, analysis of ash and moisture contents, the leaves were 

collected, placed in plastic bags, dried in an oven with air circulation at a temperature of 40ºC, 

and later sprayed in a knife mill.  

In phytochemical screening, anthraquinone heterosides (formation of ammonium 

phenates), coumarins (alkaline hydrolysis and observation in ultra-violet light), steroids and 

triterpenes (Liebermann-Burchard and Salkowski reactions) were investigated; digitalis 

heterosides (Liebermann-Burchard, Kedde and Keller-Kiliani reactions); starch (lugol); 

alkaloids (Mayer, Dragendorff, Bouchardat, Bertrand, Hager reactants, 1% tannic acid); 

flavonoid heterosides (Shinoda reaction; oxalic-boric; with H2SO4 concentrate; with alkali 

hydroxide; aluminum chloride and ferric chloride); saponin heterosides (foam index); tannins 

(reactions with gelatin, quinine sulfate 1%, copper acetate 4%, ferric chloride 2% and sodium 

hydroxide 20%) and methylxanthines (murexide reaction)  (Costa, 2001; Cunha, 2005). 

The determination of the content of volatile compounds was carried out in a moisture 

analyzer that produces radiation in the infrared region by using a halogen lamp (Ohaus model 

MB35) (Brazil, 2010). For this, 1 g of the powdered vegetable drug was weighed, the material 

was evenly distributed on the scale plate and the bowl was heated to constant weight. After 

starting the process, the moisture content was shown on the device's digital display in 

approximately 10 minutes. The experiment was carried out in triplicate, the average, standard 

deviation, and variation coefficient were calculated. 

To determine the swelling index, 1 g of the powdered drug was weighed and 

transferred to a 25 ml becker, the volume of the dry drug in the beaker was measured and 25 

ml of water was added. The beaker was capped with a ground cover and stirred every 10 

minutes for 1 hour. After stirring, the mixture was left to stand for 3 hours at room 

temperature. In the end, the volume of plant material plus mucilage was measured. The 

experiment was carried out in triplicate.  

3 crucibles were calcined at 500 ° C for 60 minutes to determine the total ash content.  

of the pulverized vegetable drug (3 g) was weighed and transferred to the calcined and tared 

crucible. The sample was incinerated by gradually increasing the temperature: 30 minutes at 

200 ºC, 60 minutes at 400 ºC, and 90 minutes at 600ºC. It was cooled in a desiccator and 

weighed. The experiment was carried out in triplicate. 

To evaluate the larvicidal activity, the volatile oil from C. pubecens leaves collected in 

April 2020 were prepared in serial dilutions 100-20 μg / ml. Twenty-third-instar Ae. aegypti 

larvae were exposed to 25 mL of the test solution and mortality events were quantified after 

24 hours. All assays were performed in triplicate in a biological chamber with a temperature 
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of 25 °C ± 1° C, relative humidity 85% ± 5%, and photoperiod of 12 h (Silva, et al., 2003; 

WHO, 2005).  Water and surfactant were negative controls and the positive control used was 

the temephos 0,012  µg/mL. The results were analyzed using non-linear statistics (PROBIT), 

Statistica 12.0. The following criteria were used to assess larvicidal activity: lethal 

concentration 50 (LC50) ≤ 50 µg/mL is considered very active, LC50 between 50 and 100 

µg/mL active, and LC50  ˃100 μg/mL inactive (Silvério, et al., 2020). 

 

3. Results 

3.1 Morphological study 

C. pubescens (Figure 1 A and B) occurs in open Cerrado stony and sandy soil. 

Flowering occurs from September to October and fruiting from October to November. 

 

Figure 1. Campomanesia pubescens. A - General aspect of the plant. B- Detail of flowers 

 
A 

 
B 

 

It is a woody shrub, about 1.5 m tall in clump. Green and medium leaves, discolors 

(the adaxial face of the leaves has a darker tone compared to the abaxial face), full of 

trichomes on both sides, simple, crossed, and petiolate opposite. The leaf blade is elliptical, 5-

7 cm x 1.5-2 cm with obtuse apex, obtuse base, entire margin, peninervous venation.  

The flowers are androgynous, heteroclamidous, white, pedunculated, caryophyllus 

corolla with 5-petals, dialipetals and actinomorphic, androceu polistémone, of simple, free 

and white fillet. Spherical berry type fruit, becoming yellow when ripe.   

 

3.2 Anatomic study 
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The leaf of C. pubescens, in cross section, shows uni-stratified epidermis with 

rectangular cells covered by cuticle, thick in the adaxial portion and thin in the abaxial 

portion. The epidermal cells of the adaxial face are more elongated vertically (Figure 2A - 

arrowhead) than those of the abaxial face (Figure 2A - thick arrow). Presence of non-

branched, single-celled trichomes with the absence of a pedal cell (Figure 2A - thin arrow) on 

both sides of the leaf blade. Anomocytic stomata were found on the abaxial face (Figure 2B). 

The mesophyll, in the transverse section, is dorsiventral, the palisade parenchyma 

has up to 3 layers of cells, and the lacunous parenchyma of 4 to 6 layers of cells, composed of 

cells of different shapes (Figure 2C). In the mesophyll, the presence of idioblasts with 

polyhedral crystals (Figure 2C) or druses and secretory cavities (Figure 2D) was observed. 

The leaf margin, in the cross-section, is rounded and covered by a cuticle. 

 

Figure 2. A-C-D- Cross-section of the inter-rib from C. pubescens leaves (Alcian blue/safranin). B - 

Paradermal section of the leaf blade showing anomocytic stomata (Steimntz). Tr - Trichomes. Ep - Epidermis. 

Es - Stomata. CP - Polyhedral crystal. Ca - Secretory cavity. 

 
A 

 
B 

 
C D 

 

The midrib, in the cross-section, has a plane-convex to slightly biconvex outline 

(Figure 3A). The collenchyma, just below the epidermis, has 2-3 layers of cells, the cortical 

parenchyma has 5 to 8 layers of cells (Figure 3B), with the presence of idioblasts containing 

polyhedral crystals (Figure 3C) or drusas and secretory cavities dispersed in the cortical 
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parenchyma. The vascular bundle is bicollateral with an open arch shape. A sclerenchyma 

band that emits projections up to the xylem surrounds the external phloem. The internal 

phloem has sclerenchyma cells dividing it into small sets of phloem cells. 

 

Figure 3– A, B, C - Cross-sections of the midrib from C. pubescens leaves. A- Overview. B- Detail of 

the cortical parenchyma and vascular bundle: sclerenchyma band, phloem and xylem. CP - Polyhedral crystal. 

CD - Drusa-shaped crystal. Ca - Secretory cavity. ES - Sclerenchyma. 

 
A 

 
B  C 

 

The petiole, in the transverse section, has a plane-convex outline, delimited by an 

epidermal layer covered by a thick cuticle. It presents single-celled trichomes (Figure 4A). 

The cortical parenchyma has 10 to 12 layers of cells, with the occurrence of idioblasts 

containing drusa-type crystals (Figure 4B - arrowhead) or polyhedral crystals (Figure 4C - 

thick arrow) and secretory cavities (Figure 4D - thin arrow). The vascular bundle is 

bicollateral in the shape of an open arch and is surround by a 1 to 3 layers strip of 

sclerenchymatous cells. 

 

Figure 4 – A, B, C, D, E – Cross-sections of the petiole of C. pubescens leaves. A- Overview. B- Detail 

of the cortical parenchyma with drusa-shaped crystal. C- Detail of the Polyhedral crystal. D- Secretory cavity in 

the cortical parenchyma and overview of the vascular bundle. CD – Druze-shaped crystal. CP - Polyhedral 

crystal. Ca - Secretory cavity. (Alcian blue/safranin).  

 
A 

 
B 
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C 

 
D 

 

The young stem, in cross-section, with a cylindrical shape (Figure 5A), is delimited by 

a uni-stratified epidermis and covered by a thick cuticle (Figure 5B) and there are unicellular 

non-branched trichomes. The cortical parenchyma contains up to 10 layers of cells, presenting 

idioblasts with drusas (Figure 5C - arrowhead) or polyhedral crystals (Figure 5C - thick 

arrow) and secretory cavity (Figure 5B). A discontinuous sclerenchyma band, separated by 

parenchymal cells, externally to the phloem (Figure 5D) are observed. In the medullary 

parenchyma, there is the presence of scattered sclerenchyma cells 

 

Figure 5 – Cross-section of C. pubescens young stem. A- Overview. B- Detail of the secretory cavity in 

the cortical parenchyma. C- Detail of the drusa-shaped crystal and polyhedral crystal. D- vascular bundle detail. 

CD– Druze-shaped crystal. CP - Polyhedral crystal.  Ep – Epidermis. Fe – Sclerenchymatic band.  (Alcian 

blue/safranin).  

 
A 

 
B 
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3.3 Volatile oil 

 During the leaf collection period, the months of greatest rainfall were October / 

2018 (148.6 mm), November / 2018 (181.6 mm), December / 2018 (184.6 mm), February / 

2019 (223.4 mm), March / 2019 (134.6 mm), April / 2019 (265.0 mm), and the temperature 

ranged from 17.2 to 36.7 ºC. The months with the lowest rainfall were June / 2019 (0.0 mm), 

July / 2018 (0.0 mm), August / 2018 (34.4 mm), September / 2018 (38.0 mm), January / 2019 

(62.3 mm) and May / 2019 (44.4 mm) and the temperature ranged from 8.6 to 37.4 ºC (Table 

1). 

 

Table 1. Climatic analysis during the period of leaf collection of C. pubescens. Source: INMET 

(Goiânia Station - OMM: 83423), 2020. 

Station Date Rain

fall total 

 

Maxim

um 

temperature 

(◦C) 

Tempera

ture 

minimum 

(◦C) 

Moist

ure 

Relati

ve 

83423 07/31/2

018 
0 33.1 10.9 53.4 

83423 08/31/2

018 
18.8 34.4 8.6 48.4 

83423 09/30/2

018 
38.0 37.4 11.3 46.7 

83423 10/31/2

018 
148.6 36.7 18.5 67.5 

83423 11/30/2

018 
181.6 32.9 18.5 75.8 

83423 12/31/2

018 
184.6 35.3 17.6 69.2 

83423 01/31/2

019 
63.2 35.3 17.3 65.9 

83423 02/28/2

019 
223.4 35.9 18.0 73.6 

83423 03/31/2

019 
134.6 33.9 17.8 73.9 

83423 04/30/2

019 
265.0 32.6 17.2 74.7 

83423 05/31/2

019 

44.4 32.7 13.0 70.8 

83423 06/30/2

019 
0 32.5 11.9 61.0 

 

 The yield of volatile oils ranged from 0.07 to 0.18%. The presence of oxygenated 

monoterpenes (0.1-0.6%), sesquiterpene hydrocarbons (8.4-79.9%), and oxygenated 

sesquiterpenes (17.0-86.0%) was found. The major compounds in volatile oils were 

spatulenol (ranging from 1.3 to 43.4%), caryophyllene oxide (ranging from 1.3 to 29.7%), α-

macrocarpene (ranging from 2.2 to 22.4%), and z- caryophyllene (ranging from 1.8 to 19.5%) 

(Table 2).  
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Table 2. Percentage of volatile oil chemical compounds from C. pubescens leaves collected in 

Hidrolândia, Goiás.  

 2018 2019  

 KI IR Aug Set Oct Nov Dez Jan Feb Mar Apr May Jun Jul 

Linalool 1096 1099 - - - - - - - - 0.18 0.56 0.13 0.11 

β-Elemene 1390 1371 1.7 1.5 0.6 - 1.1 2.5 2.1 1.0 1.7 0.9 2.9 2.9 

z-Caryophyllene 1408 1399 9.4 3.3 1.8 2.8 6.1 8.8 7.2 19.5 6.0 3.7 11.7 11.0 

α-Gurjunene 1409 1405 - - - - - - - - - - 0.1 0.1 

β-Duprezianene 1422 1417 - - - - - 0.4 - - - - - - 

β-copaene 1432 1425 - - - - - - 0.2 0.6 0.2 - 0.6 0.4 

γ-Elemene 1436 1436 2.6 1.1 0.5 0.9 1.7 2.2 0.9 - 0.6 - 0.9 0.9 

α-Guaiene 1439 1434 0.8 0.4 0.3 - 0.5 0.8 0.5 0.1 0.4 - 0.7 0.6 

6,9-Guaiadiene  1444 1439 - - - - - - - - - - 0.2 0.2 

α-Humulene 1454 1448 - - - - - - 2.1 3.9 1.7 1.1 2.8 2.7 

allo-Aromadendrene 1460 1460 0.6 0.3 - - - - 0.7 0.2 0.6 0.4 1.1 1.2 

cis-Cadina-1(6),4 diene 1463 1455 - - - - - 0.2 - 0.3 0.4 - 0.1 0.1 

9-epi-(E)-Caryophylene 1466 1461 - - 1.8 1.1 1.4 0.5 - - - - - - 

β-Acoradiene 1470 1464 - - 0.7 - 0.6 - - - -  - - 

α-Macrocarpene 1472 1474 - 13.7 2.2 3.4 - - - - - - - - 

γ-Gurjunene 1477 1477 - - - - 0.6 22.8 11.0 36.8 8.2 3.0 24.3 21.6 

γ-Himachalene 1482 1481 - - - - - 0.4 - - 0.1 - 0.2 0.1 

D-Germacrene  1487 1485 - - - - - 1.0 - 0.3 - - 0.4 0.3 

β-Macrocrapene 1499 1493 13.5 0.3 - - 7.3 21.1 14.0 12.1 11.5 5.1 21.0 20.5 

γ-Amorphene 1495 1497 - - - - - 0.7 - - - - - - 

α-Muurolene 1500 1496 - - - - 0.3 - 0.4 0.8 0.3 - 0.8 0.6 

Germacrene A 1509 1500 - - - - - - - - - - 0.1 0.1 

δ- Amorphene 1512 1503 1.7 2.4 0.6 1.1 1.4 3.0 - 0.2 0.1 - 0.4 0.3 

10-epi Italicene ether  1516 1510 - - - - 0.4 - 1.2 0.9 1.0 1.8 0.9 1.2 

δ-cadinene 1523 1520 - - - - - - 2.2 4.0 1.8 1.0 3.2 2.7 

(E)-iso-γ Bisabolene 1529 1535 - 0.9   0.4 1.0 - - - - - - 

α-Cadinene 1538 1533 - - - - 0.4 - - 0.2 - - 0.4 0.1 

Germacrene B 1561 1551 0.8 0.7 - - 0.9 - 0.8 - 0.5 - 2.2 1.3 

Maaliol 1567 1567 - - - - - - 0.5 0.1 0.5 - 1.3 0.5 

Spathulenol 1578 1557 28.9 9.0 37.9 43.4 31.8 2.2 18.0 1.3 20.6 34.2 2.2 4.8 
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Caryophyllene oxide 1583 1561 13.7 11.1 29.7 27.5 15.0 1.4 13.3 3.4 17.2 24.6 4.2 5.2 

Presilphiperfolan-8-ol 1586 1571 - 2.4 - - - 2.6 - - - - - - 

Thujopsan-2-α-ol 1587 1564 3.3 - 0.5 3.6 3.5        

Thujopsan-2-β-ol 1589 1572 3.3 2.4 - 1.0 1.7 1.6 1.5 0.6 1.4 0.6 1.3 1.3 

Globulol 1590 1601 - 2.1 - -  0.4 1.4 0.5 1.4 1.5 1.0 1.0 

Viridroflorol 1592 1582 1.0 - 0.6 1.0 0.8 0.5 - - - - - - 

Carotol 1594 1604 - 0.6 - - 0.4 0.7 - - - - - - 

Cubeban-11-ol 1595 1595 - 1.0 - - 0.9 0.5 0.7 0.2 0.6 - 0.6 0.5 

Rosifoliol 1600 1596 - 0.9 - - 0.3 0.9 0.3 0.1 0.6 - 0.5 0.5 

β-Atlantol 1608 1607 - - 1.0 - 0.6 - - - - - - - 

Humulene epoxide II 1608 1587 2.4 1.5 4.7 4.5 2.9 - 1.7 0.3 2.2 3.5 0.4 0.6 

1,10-di-epi-Cubenol 1619 1620 - - - - 1.1 - - - - - - - 

10-epi-γ Eudesmol 1623 1620 - - - - - - 0.3 - 0.4 - 0.3 0.3 

Muurola-4,10(1,4) 

dien-1-β-ol 

1631 1624 - 2.3 - - - - 1.6 - 1.4 1.9 - 0.9 

Caryophylla-4(12), 8 

(13)-dien-5-α-ol 

1640 1639 - - 0.6 - - - - - - 0.3 - - 

epi-α-Muurolol 1642 1622 2.1 6.4 2.7 - - 4.4 3.5 3.7 3.2 2.3 3.0 3.0 

α-Muurolol 1646 1640 - 2.3 - - - - 0.8 0.8 0.7 0.5 0.9 0.9 

α-Cardinol 1654 1634 4.7 10.4 4.5 5.1 4.0 5.0 4.7 4.9 4.7 3.2 4.4 4.6 

14-hydroxy-9-epi-(E)- 

Caryophylene  

1669 1666 - 0.6 - - - - 0.9 - 0.3 - 0.0 0.3 

epi-Zizanone  1670 1669 - 0.4 - - - - 0.6 - 0.4 - 0.2 0.3 

Mustakone 1676 1653 - 0.3 2.9 - - - 0.3 - 0.7 1.3 - 0.1 

Khusinol 1680 1678 - 0.4 - - - - - - - - 0.3 0.2 

Germacra-

4(15),5,10(14)-trien-1-

α-ol 

1686 1680 - 0.6 - - - - - - 0.3 - - 0.1 

Shyobunol 1688 1684 - 0.4 - - - 0.2 - 0.2 0.3 - 0.2 0.3 

Oxygenated 

monoterpenes 
    0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.6 0.1 0.1 

Sesquiterpenes - - 31.1 24.6 8.4 9.4 22.6 65.4 42.1 79.9 34.1 15.2 74.1 67.5 

Oxygenated 

sesquiterpenes 
-   59.4 55.0 85.1 86.0 63.4 20.3 51.3 17.0 58.0 75.6 21.6 26.4 

Total identified (%) - - 90.4 79.6 93.5 95.3 86.0 85.7 93.4 96.8 92.3 91.3 95.8 94.0 

Yield (%) - - 0.07 0.06 0.13 0.12 0.11 0.09 0.1 0.1 0.12 0.1 0.18 0.18 

  

 The results obtained from PCA and the cluster analysis showed the existence of 

chemical variability among volatile oils obtained from C. pubecens leaves (Figure 6). Figure 7 

indicates that the relative position of the 2D axis originated in the PCA. This analysis suggests 

that cluster I (volatile leaf oils collected in (February, April, May, August, and December) is 
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characterized by the compound α-cadinol and α-macrocarpene. Cluster II (volatile oils from 

leaves collected in September, October, and November) is characterized by caryophyllene 

oxide and 9-epi (E) - caryophyllene. In addition, cluster III (leaves collected in January, 

March, June, July) contains γ-gurjunene, z- caryophyllene, δ-cadinene, and β-macrocarpene. 

The results indicate that the classification proposed by the PCA and HCA was adequate for 

the classification of the samples regarding the chemical profile of volatile oils.  

 

Figure 6. Similarity dendrogram based on Euclidean distance concerning the leaf collection period of 

C. pubescens. From the PCA analysis, it was possible to form three clusters concerning the compounds present 

in volatile oils. 

 

 

Figure 7. Scatterplot of PCA of the essential oils from the leaves of C. pubescens samples collected 

from Hidrolândia. a Axes referring to the scores of samples. B Axes referring to scores of volatile chemicals 

whose discriminant constituents are represented by vectors. 
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 The canonical discriminant analysis was performed to assist in the validation of the 

classification proposed by the hierarchical cluster analysis (p = 0.012). The compounds 

selected to obtain the canonical discriminant analysis model were z-caryophyllene and γ-

gurjunene. The level of correct classification indicated by the analysis of main components 

was 91.6%. 

 

3.4. Phytochemical analysis 

In phytochemical screening, the presence of tannins, steroids/triterpenes, flavonoids 

(0.84% content), saponins (foam index less than 100) and total phenols (1.42% content) were 

found. The content of volatile compounds was 7.36% ± 1.03 and a variation coefficient of 

14.07%. The total ash content was 1.77% ± 0.0004. The mucilage content was 3.52 ml. 

The powder of the leaves of C. pubescens presented, according to the Brazilian 

Pharmacopoeia (Brazil 2010), granulometry between 90 µm to 450 µm, with retention of 

77.50% and 10.83% in the diameters of 450 μm (sieve 710) and 224 μm (sieve 355), 

respectively. 

 

3.5. Determination of lethal concentration in Aedes aegypti larves  

The volatile oil of C. pubescens does not induce death in the larvae in twenty-four 

hours in any of the evaluated dilutions (100, 80, 60, 40, and 20μg/mL). 
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4. Discussion 

Campomanesia pubescens was observed with flowers from September to October and 

fruiting from October to November, which is in agreement with Silva, et al. (2009) who 

observed the peak of flowering and fruiting in September and October, respectively, of C. 

pubescens present in the south of Minas Gerais state. Another study conducted in Mato 

Grosso do Sul, showed that C. adamantium follows the same flowering and fruiting periods 

(Nucci & Alves-Junior, 2017). According to Fidalgo and Kleinert (2009), the flowering 

period of Myrtaceae starts in the transition period to wet weather, justifying the peak of 

flowering in September, followed by fruiting. 

According to Lima, et al. (2011a), C. pubescens occurring in the state of Paraná, is a 

shrub or sub-shrub, ranging from 0.5m - 1.5m, with discolored, petiolate green leaves, 

densely covered by trichomes, elliptical and lanceolate leaf blade, cuminated apex or acute 

and acute base, entire margin. The flowers have glabrous petals or with trichomes only on the 

margins, polystemone (100 to 160 stamens), ovary 5 - 8 locular. The fruits are yellowish, 

globose, and smooth. The present work differs only in the classification of the apex and the 

base, presenting them as obtuse. According Amaral, et al. (2016) characteristics that proved 

the identification of the species C. pubescens are associated with the presence of pubescence 

or puberulence; bracts in the shape of scales or tiny leaves; sepals acute, rounded or 

intermediate forms; green or yellow-green fruits and ovary with 4 to 7 locules.These being the 

ones observed in this work.  Oliveira, et al. (2018) observed morphological features of 

Campomanesia adamantium (Cambess.) O.Berg, C. eugenioides var. eugenioides (Cambess.) 

D.Legrand ex Landrum, C. eugenioides var. desertorum (DC.) Landrum, C. xanthocarpa var. 

xanthocarpa (Mart.) O.Berg and C. xanthocarpa var. littoralis (D.Legrand) some 

characteristics similar to those found in this study, such as being predominat shrub, with 

leaves petiolate and opposite. 

C. pubescens is similar to C. adamantium, differentiating itself by conspicuous 

indument, besides, the corded leaf base does not occur in C. pubescens (Landrum, 1986). 

Another method of characterizing C. pubescens within the genus Campomanesia is that the 

leaves are strongly discolored, both fresh and dry in herbaceous materials (Lima, et al., 

2011a).  

A thick cuticle in the adaxial face, and a thin cuticle in the abaxial face, cover the C. 

pubescens leaves. The cuticle is an adaptation to the Cerrado environment and acts as a 

protective layer against the loss of water to the environment and in the protection against 
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excess brightness (Appezzato-da-Glória & Carmello-Guerreiro, 2009). In C. pubescens, the 

presence of unicellular trichomes was observed, with the absence of a pedal cell, 

corroborating with Conti, et al. (1997) who described these characteristics as a synapomorphy 

of Myrtaceae. 

The dorsiventral mesophyll presented in the leaves of C. pubescens can be described 

as another evolutionary aspect, that due to the shape and arrangement of the palisade cells, the 

chloroplasts can be located parallel to the cell walls, intensifying photosynthesis (Appezzato-

da-Glória & Carmello-Guerreiro, 2009). 

Gomes, et al. (2009), in their study, anatomically analyzed leaves of four species of 

the family Myrtaceae (Campomanesia adamantium (Cambess.) O. Berg, Myrcia cordifolia O. 

Berg, M. decrescens O. Berg and M. torta DC) and observed that all are hypoestomatic, as in 

the present study for C. pubescens. However, in C. adamantium they found anomocytic and 

paracitic stomata, while in C. pubescens they were observed only anomocytic stomata, which 

can be used as a characteristic for differentiation.  

The presence of secretory cavities in different parts of specimens of Myrtaceae is 

widely cited in the literature as a characteristic of the family (Carr & Carr, 1970). The interior 

of these cavities may consist of oils, phenols, and mucilages for some species (Fahn, 1979). 

Kuster and Vale (2016) observed that in the leaf secretory cavities are presents among the 

mesophyll cells. Histochemical tests demonstraeded voltile oils widely distributed in the 

secretory cavities of C. adamantium, as presented in this study, observing the presence of 

secretory cavities in the mesophile, in the cortical parenchyma of the main vein, petiole, and 

young stem. Idioblasts containing polyhedral crystals or druses were also found in the various 

organs of C. pubescens, differentiating from C. adamantium which, according to Gomes, et 

al. (2009) contain only polyhedral crystals. Oliveira, et al. (2018) described secretory cavities 

distributed on leaves of others species of Campomanesia, parenchymatous cells in the leaf 

blade endings and the mesophyll, always near the epidermis, forming a space delimited by 

radially disposed cells.  The dorsiventral mesophyll and a uni-stratified epidermis on both leaf 

blade surfaces was observed. The stomata occupied the same plane as the epidermal cells. 

Petiole shapes varied among different morphotypes, with the most common types being 

planar-convex and concave. It was observed unicellular tector trichomes and bicollateral 

vascular bundles. 

Myrtaceae species may present the midrib biconvex, plane-convex or concave-convex, 

usually a single bundle in the shape of an almost flat or semi-closed arch (Gomes, et al., 
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2009), in agreement with what was observed in C. pubescens in this work, presenting the 

main vein plane-convex, single bundle in the shape of a flat arc.  

The results of the morphoanatomic study of C. pubescens, corroborate providing basic 

knowledge, differentiation characteristics and are of great importance to provide standards of 

control of the vegetable drug if it is used as herbal medicine.   

Several chemical constituents were detected in the volatile oil of C. pubescens, the 

majority of which are spatulenol, caryophyllene oxide, α-macrocarpene, and z- caryophyllene. 

Essential oils act in the protection and development of the plant, being able to attract 

pollinators, reduce the attack of insects by repelling them by insecticidal action, allelopathy, 

thus acting in the perpetuation of the species (Castro & Machado, 2003). Cardoso, et al. 

(2009) obtained ledol (19.8%), globulol (9.2%), α-cadinol (7.3%) as volatile oil from the 

flowers of C. pubescens collected in Campo Grande, Mato Grosso do Sul, Brazil, and epi-α-

muurolol (5.0%). In the volatile oil from C. pubescens leaves, Silva, et al. (2009) found 

limonene (22.4%), α-pinene (13.3%), sabinene (9.5%), bicyclogermacrene (4.4%), and 

linalool (3.9%) as main constituents. Chang et al. (2011) observed as major constituents in the 

volatile oils from C. pubescens leaves collected in Uberlândia, Minas Gerais, Brazil, 

bicyclogermacrene (12.54%), germacrene-D (9.38%), eucalyptol (8.17%), and trans-sabinene 

hydrate (5.22%), in fruits limonene (25.98%), eucalyptol (24.57%), α-pinene (7.71%) and α-

terpineol (6.92%), in the branches, eucalyptol (24.54%), spatulenol (8.36%), 

bicyclogermacrene D (7.59%) and germacrene D (5.07%) predominated and in the roots, 

bicyclogermacrene (14.65%), spatulenol (10.23%), germacrene D (9.02%) and viridiflorol 

(7.45%) were obtained. 

The chemical composition of the volatile oil of C. pubescens showed a variety of 

components, due to ongoing studies in different regions, with different temperatures, rainfall, 

altitudes, soil type, and incidence of ultraviolet rays (Gobbo-Neto & Lopes, 2007). According 

to Sangwan, et al. (2001), the production of volatile oils depends on physiological, 

biochemical, metabolic and genetic aspects of the plant, and may undergo environmental and 

molecular modulations that elucidate the chemical variations of volatile oils. 

The seasonal analysis of the volatile oil of C. pubescens, during twelve months, it was 

possible to observe the formation of three groups (Clusters), associated with 

flowering/fruiting periods (Cluster II) and vegetative period (Clusters I and II). This study 

was the first to observe the seasonality of volatile compounds in the oils of this species. Since 

this plant is a shrub, it is much more susceptible to environmental variations, thus reflecting in 
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the variation of secondary metabolites, thus making it difficult to observe a clear correlation 

pattern. 

C. pubescens is widely used in some regions of Brazil as a medicinal plant, it is 

necessary to have a better knowledge about the secondary metabolites of the plant, which in 

most cases have observed pharmacological actions. In this work, tannins were detected in the 

leaves of C. pubescens, confirming the study of Metcalfe and Chalk (1950) when they 

observed that the species of the Myrtaceae family present tannins that protect the plant against 

possible attacks by microorganisms and insects (Schmid, 1972). 

Abe, et al. (2014) when performing phytochemical prospecting of Campomanesia 

xanthocarpa Mart. ex O. Berg identified the presence of flavonoid, tannins and saponins, 

which were also found in the present study. However, the flavonoid content is lower. The 

presence of tannins and main flavonoids confers antioxidant activity in the human body, with 

possible effects on the prevention of cardiovascular and circulatory diseases (Ness & Powles, 

1997; Stoclet, et al., 2004) and cancer (Wang & Mazza, 2002; Katsube, et al., 2003).  

Excess water content in vegetable raw materials promotes the development of 

microorganisms, insects, and unwanted hydrolysis chemical reactions. The humidity index is 

related to the quality control and preservation of the drug. In the present work, the content of 

volatile compounds was 7.36% close to the moisture limits for vegetable raw materials 

established by the Brazilian Pharmacopoeia IV (Brazil, 1988). 

Another important method for the quality control of the vegetable raw material is the 

analysis of the total ash content.  Basically, these are the non-volatile residues coming from 

the mineral and organo-metallic self constituents (physiological ashes) or associated to 

foreign materials, especially sand and soil (non-physiological ashes) (Brazil, 1988; Costa, 

2001). A content of 1.77% was identified for the leaf powder of C. pubescens, indicating that 

different values for this, perhaps due to adulteration. 

The granulometry in the present study, it was observed that according to the Brazilian 

Pharmacopoeia IV (Brazil, 1988), leaves powder of C. pubescens is considered coarse 

because it remains 77% retained in the 710 μm sieve. 

The volatile oil of C. pubescens at the concentration used was inactive against Ae. 

aegypti larvae, according to the criteria described by Silvério et. al., (2020). Other species of 

the Myrtaceae family, however, have larvicidal activity as Syzygium aromaticum (L.) Merr. & 

L.M. Perry (Lethal Concentration 50%- LC50 21.4μg/mL) (Costa, et al., 2005), Eucalyptus 

gunnii Hook. F. (LC50 21.1μg/mL) (Lucia, et al., 2008), Pimenta racemosa (Mill.) J.W. 

Moore (LC50 27μg/mL) (Leyva, et al., 2009),  Psidium guajava L. (LC50 24.7μg/mL) (Lima, et 
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al., 2011b), Leptospermum scoparium J.R. Forst and G. Forst (LC50 47.97ppm) (Muturi, et al., 

2020), Callistemon citrinus (Curtis) Skeels LC50 17.3 µg/mL (An, et al., 2020), and 

Melaleuca leucadendra (L.) L (LC50 1.4µg/mL) (An, et al., 2020). Volatile oils are an 

interesting source of new insecticidal molecules, mainly because they are biodegradable and 

have low toxicity (Isman, 2020; Viana, et al., 2018). 

 

5. Conclusion 

It is concluded that the morpho-anatomical study of C. Pubescens is important in the 

correct taxonomic classification of the species. The phytochemical study, evaluation of 

volatile compounds content, total ash content, granulometry and intumescence provide quality 

control parameters for this plant raw material. The majority compounds found in the volatile 

oils were spatulenol, caryophyllene oxide, α-macrocarpene, and z-caryophyllene. The 

presence of three clusters was observed, with cluster II corresponding to the reproductive 

period of the plant (flowering and fruiting) and clusters I and III to the vegetative period. No 

larvicidal activity of the volatile oil was observed against Ae. aegypti larvae. This work 

represents the first leaf anatomical description, chemical compounds, and seasonal variability 

of volatile oils from C. pubecens leaves collected in Goiás. 
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5. CONCLUSÃO GERAL 

Conclui-se que o presente estudo demosntra a importância do Cerrado e as oportunidades 

de descobertas deste Bioma. O estudo fitoquímimco, a avaliação do teor de compostos 

voltáteis, o teor de cinzas totais, a granulometria e a intumescência fornecem parâmetros de 

controle de qualidade para esta matéria prima vegetal. Os compostos majoritários encontrados 

nos óleos voláteis foram espatulenol, óxido de cariofileno, α-macrocarpeno e z-cariofileno. 

Observou-se a presença de 3 clusters, sendo o cluster II correspondente ao período 

reprodutivo da planta (floração e frutificação) e os clusters I e III ao período vegetativo. 

Nenhuma atividade larvicida do óleo volátil foi observada contra larvas de Ae. aegypti. Este 

trabalho relata a primeira descrição anatômica foliar, dos compostos químicos e da 

variabilidade sazonal dos óleos voláteis de folhas da C. pubescens coletadas em Goiás. 
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