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RESUMO

EXTRACAO E CARACTERIZACAO DE COMPOSTOS BIOATIVOS DE
LUPINUS ALBESCENS UTILIZANDO FLUIDOS PRESSURIZADOS

AUTORA: Téassia Carla Confortin
ORIENTADOR: Prof. Dr. Marcus Vinicius Tres

A utilizacdo de produtos quimicos, em doses excessivas ou de forma inadequada, no
controle de pragas e doencgas na agricultura, tem promovido grandes danos ambientais,
contaminacdo de animais, intoxicagdo de agricultores, entre outros. Buscando alternativas
de controle menos agressivas, extratos vegetais tém sido utilizados com sucesso e
ressurgem como uma opcdo diferenciada e promissora para 0 manejo integrado em
protecdo de plantas. Estes produtos s@o considerados uma alternativa de controle de
fitopatogenos, demonstrando présperos resultados, ndo causando maleficios ao meio
ambiente e aos seres vivos. Uma das técnicas de obtencdo dos extratos vegetais é a
extracdo por fluidos supercriticos/pressurizados que também aparece como 6tima opcao de
tecnologia economicamente vidvel e ecologicamente correta. Portanto, o objetivo principal
deste trabalho foi investigar o potencial da extracdo das flores, folhas, caules e raizes de
Lupinus albescens, a partir da técnica da extracdo por fluidos pressurizados ou em
condi¢Bes supercriticas utilizando géas liquefeito de petréleo (GLP) e diéxido de carbono
(CO,) como solventes, bem como avaliar os parametros cinéticos, adequando ao ajuste
matematico. Realizou-se também a caracterizagdo dos extratos obtidos e avaliagcdo do seu
potencial no controle biologico. Na extracdo supercritica foram utilizados dioxido de carbono
no estado supercritico (EFS-CO,) e gas liquefeito de petréleo pressurizado. Na EFS-CO, os
valores de pressdo investigadas foram fixados entre 150 a 250 bar e os valores da
temperatura entre 40 e 60°C; ja para a extragdo com GLP pressurizado, estes parametros
foram fixados entre 15 e 35 bar e 25 e 45°C, respectivamente, sendo avaliados o rendimento
de extracdo, os parametros cinéticos, o perfil quimico e efeito antifingico. O rendimento
maximo de extrato obtido nas diferentes matrizes foi de 1,28% na folha com o solvente GLP
nas condigbes de 45°C e 15 bar. Os perfis quimicos foram semelhantes para todas as
matrizes e solventes investigados, destacando-se o composto estigmasterol, em relacdo a
concentracdo inibitéria minima que variou de 29,248 & 192,965 ug/ml*. Para os testes
antifingicos, todos os extratos apresentaram poderes inibitérios para Fusarium oxysporum e
Fusarium verticillioides. O extrato vegetal obtido a partir da raiz apresentou poder de inibicdo
superior, para Fusarium oxysporum de 70,12% (CO,) e 65,12% (GLP) de inibicdo, e para
Fusarium verticillioides de 67,76% (CO,) e 61,15% (GLP). A partir dos resultados obtidos
neste trabalho, os mesmos confirmam que a extracdo supercritica ou utilizando fluido
pressurizado € uma metodologia promissora na obtencdo de compostos bioativos de
Lupinus albescens, sendo que o extrato apresentou potencial antifiingico para ambos os
fungos investigados neste trabalho.

Palavras-chave: Lupinus albescens. Extracdo. Caracterizacdo. Dioxido de Carbono
Supercritico. Gas Liquefeito de Petrdleo Pressurizado. Atividade antioxidante. Potencial
antifungico.



ABSTRACT

EXTRACTION AND CHARACTERIZATION OF BIOACTIVE COMPOUNDS FROM
LUPINUS ALBESCENS USING PRESSURIZED FLUIDS

AUTHOR: Tassia Carla Confortin
ADVISOR: Prof. Dr. Marcus Vinicius Tres

The use of chemicals, in excessive doses or inadequately, in the control of pests and
diseases in agriculture, has promoted environmental damage, contamination of animals,
intoxication of farmers, among others. Looking for less aggressive control alternatives, plant
extracts have been successfully used and are a differentiated and a promising option for the
integrated management in plant protection. These products are considered an alternative for
the control of phytopathogens. They do not cause harm to the environment and to living
beings. One of the techniques for extracting plant extracts is the extraction wiyh
supercritical/pressurized fluids. This thechnology appears as a great option which is
economically viable and ecologically correct. Therefore, the main objective of this work was
to investigate the potential of extraction of extracts from flowers, leaves, stalks and roots of
Lupinus albescens, using pressurized fluids as liquefied petroleum gas (LPG) or supercritical
carbon dioxide (CO,). Furthermore, the objective was to evaluate the kinetic parameters,
adjusting to a mathematical spline model. Characterization of extracts and evaluation of their
potential in biological control, was performed. In the supercritical fluid extraction with CO,
(SFE-CO,) pressure ranged between 150 to 250 bar and temperature ranged between 40
and 60°C. In the extraction with compressed LPG, these parameters were fixed between 15
and 35 bar and 25 and 45°C, respectively. The yield of extraction, kinetic parameters,
chemical profile and antifungal effect were evaluated. Maximum vyield of extract obtained
from different matrices was 1.28% in leaves with solvent LPG under 45°C and 15 bar. The
chemical profiles were similar for all matrices and solvents investigated, highlighting
stigmasterol. With respect to minimum inhibitory concentration, it rang ed from 29.248 to
192.965 ug mL™. For antifungal tests, all extracts showed inhibitory powers for Fusarium
oxysporum and Fusarium verticillioides. Plant extract obtained from roots showed superior
inhibition power, as 70.12% (CO,) and 65.12% (LPG) for Fusarium oxysporum, and 67.76%
CO,) anda 61.15% (LPG) for Fusarium verticillioides. From the results obtained in this work,
it is possible confirm that the supercritical extraction or using pressurized fluid is a promising
methodology for obtaining bioactive compounds from Lupinus albescens, which presented
antifungal potential for both fungi investigated in this work.

Keywords: Lupinus albescens. Extraction. Characterization. Supercritical Carbon Dioxide.
Pressurized Liquefied Petroleum Gas. Antioxidant activity. Antifungal potential.
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CAPITULO 1- APRESENTACAO
1.1 INTRODUCAO

Produtos naturais obtidos a partir da extracdo de matrizes vegetais
constituem-se de substancias bioativas compativeis com programas de manejo
integrado de pragas (MIP). Tais produtos podem ser fortes aliados a outros métodos
de controle de plantas daninhas, insetos e doencas, mantendo o equilibrio
ambiental, sem deixar residuos quimicos, sem acéo toxica aos animais e ao homem
e reduzindo os efeitos negativos ocasionados pela aplicacdo descontrolada de
produtos sintéticos (MEDEIROS et al.,, 2005). Portanto, as plantas com suas
propriedades antagbnicas se tornam uma ferramenta importante ao controle
biol6gico (BETTIOL & MORANDI, 2009).

A utilizacdo do manejo biolégico de doencas é preconizada com o objetivo de
reduzir o uso de fungicidas, uma vez que estes podem causar danos ao homem, ao
meio ambiente e contribuir para o surgimento de populacfes de fitopatdgenos
resistentes (TALAMINI & STADNICK, 2004). Neste contexto, o controle biologico, a
inducdo de resisténcia em plantas, o uso de extratos vegetais e 0leos essenciais
surgem como alternativas ao método convencional de controle de doencas em
plantas (SCHWAN-ESTRADA & STANGARLIN, 2005).

Extratos de plantas estdo sendo investigados em fungos fitopatogénicos em
diversos trabalhos publicados na literatura (CARNELOSSI et al, 2009;
VENTUROSO et al., 2011; KOONA&BUDIDA, 2011; BIGATON et al., 2013; BONA et
al., 2014). Estes apresentam resultados quanto o seu potencial no controle de
fitopatdgenos, por meio de sua acdo fungitoxica direta, inibindo o crescimento
micelial, formacdo de apressério e a germinacdo de esporos dos fungos, com
destaque do efeito sobre a planta, que apresenta capacidade de induzir o acamulo
de fitoalexinas em mecanismos de resisténcia (BENICIO et al.,2003; VENTUROSO
etal., 2011).

A biodiversidade brasileira é considerada como fonte de substancias
biologicamente ativas e apresenta imenso potencial para a producdo de compostos
secundarios que podem possuir atividades sobre insetos, plantas daninhas e fungos.

Assim, os inseticidas, herbicidas e fungicidas naturais contribuem para o aumento da
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produtividade e permanéncia sadia dos cultivares, tornando a area de cultivo mais
equilibrada (MARANGONI et al., 2012).

Dentre as espécies presentes no Estado do Rio Grande do Sul, encontra-se o
Lupinus albescens, pertencente a familia Fabaceae e ainda pouco investigada em
relacdo aos seus constituintes secundarios (RATES, 2001; SIMOES et al., 2002). O
género Lupinus, também conhecido como tremoco, é uma planta encontrada em
habitats abertos e ensolarados. No Brasil as espécies de Lupinus sdo encontradas
em solos pobres como os serrados e campos rupestres de cima da serra
(MONTEIRO & MONTEIRO, 1986).

O L. albescens é uma espécie do “Novo Mundo” (GRANADA et al., 2015),
nativa da regido noroeste da Argentina, Uruguai, Paraguai e sul do Brasil
(PLANCHUELO et al.,1984). Na maior parte dos paises, estas plantas foram
utilizadas como culturas de cobertura, com intuito de melhorar o solo (VAZQUEZ et
al., 2006; MARTINEZ-ALCALA et al., 2010).

Entre os métodos de extracdo de matrizes vegetais investigados atualmente,
a extracdo com fluidos supercriticos (EFS) e a extracdo com fluidos pressurizados
(EFP) ocupam lugar de destaque nas investigacdes. Apresentam-se como uma
alternativa ambientalmente correta e economicamente viavel em relacdo aos
métodos convencionais de extracdo, onde grandes quantidades de solventes, longos
tempos de extracdo e altas temperaturas sdo requeridas, podendo promover a
degradacdo dos compostos durante o processo extrativo (JU & HOWARD, 2003;
NOBRE et al., 2006). A extracdo com fluidos pressurizados e/ou supercriticos
permite minimizar alterac6es quimicas e degradacdo de compostos sensiveis ao
calor. O extrato é obtido em temperaturas relativamente baixas e livre de residuos
de solventes organicos (BOZAN & TEMELLI, 2002; YIN et al., 2005; SPARKS et al.,
2006).

O dioxido de carbono (CO,) € o solvente mais utilizado na extracao
supercritica (ESC), por permitir operacdes com pressdes relativamente baixas e
temperaturas proximas ao ambiente. Convém ressaltar que o CO, apresenta
algumas vantagens de utilizacdo, pois é reconhecido como solvente seguro
(MANTELL et al.,, 2013), inerte, ndo toxico e nado inflaméavel, esta facilmente
disponivel com elevada pureza e apresenta baixo custo (BRUNNER, 2005;
POULIOT et al., 2014).


http://www.sciencedirect.com/science/article/pii/S0723202015000697#bib0350
http://www.sciencedirect.com/science/article/pii/S0723202015000697#bib0475
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Estudos também apresentam que o gas liquefeito de petréleo (GLP) vem
sendo utilizado nas extracbes de extratos naturais com resultados promissores
(SOARES et al.,, 2016a; ABAIDE et al., 2017). Esta extracdo apresenta alguns
beneficios como: proporcionar maior rendimento e seletividade, menor tempo de
extracdo e menor consumo de solvente em comparacao a extracdo onde se utiliza
CO;, como solvente (SALLET et al., 2017).

Considerando que a literatura apresenta poucos registros de pesquisas com a
espécie L. albescens e tendo em vista o grande potencial antifingico existente nos
extratos vegetais, surgiu o interesse em investigar esta espécie. Assim, neste
trabalho foram avaliados os seguintes parametros: rendimento dos extratos obtidos,
composicdo quimica dos extratos extraidos das diferentes matrizes vegetais (flores,
folhas, caules e raizes) e sua atividade contra a inibicdo de Fusarium oxysporum e

Fusarium verticillioides.

1.2 OBJETIVOS
1.2.1 Objetivo geral

Este trabalho teve como objetivo principal investigar o potencial da extracéao
de Lupinus albescens, bem como realizar a caracterizacdo dos extratos obtidos e

analisar o seu potencial para controle biolégico.

1.2.2 Objetivos especificos

Dentro deste contexto, os objetivos especificos foram delineados:

e Obter extratos a partir da planta Lupinus albescens (flores, folhas, caules e
raizes) utilizando o método de extracdo com fluido pressurizados e/ou
supercritico;

e Verificar a viabilidade técnica da extracdo utilizando CO, e GLP como
solventes;

e Investigar as condicbes de pressdao e temperatura para a extracdo dos
componentes presentes nas partes da planta Lupinus albescens;

e Realizar a modelagem matematica das curvas cinéticas de extracao;
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e l|dentificar os compostos bioativos dos extratos: analise cromatografica e
avaliacdo da atividade antioxidante dos extratos obtidos;
e Avaliar o efeito dos metabolitos extraidos do Lupinus albescens sobre os

fungos Fusarium oxysporum e Fusarium verticillioides.

1.3 ESTRUTURA DA DISSERTACAO

Esta Dissertacdo de Mestrado esta organizada em Capitulos da seguinte
forma:

Capitulo 1: é apresentada a introducdo, os objetivos da presente dissertacdo
de mestrado e a estrutura da mesma.

Capitulo 2: apresenta-se uma breve revisdo da literatura, evidenciando sobre
0s conceitos fundamentais que norteiam a dissertagao.

Capitulo 3: € apresentado o primeiro artigo, que teve como foco a extracao,
0S parametros cinéticos e a caracterizacdo dos compostos das matrizes: flores,
folhas, caules e raizes da planta Lupinus albescens.

Capitulo 4: apresenta o segundo artigo, no qual foi avaliado o potencial dos
extratos de diferentes matrizes vegetais de Lupinus albescens, obtidos por extracdo
com CO, supercritico e GLP comprimido, sobre o desenvolvimento in vitro de duas
espécies de Fusarium: Fusarium oxysporum e Fusarium verticillioides. Além disso,
avaliou-se a atividade antioxidante dos mesmos extratos por radical livre 2,2 —
difenil- 1- picril- hidrazila (DPPH).

Capitulo 5: sdo apresentadas as discussdes e conclusdes gerais do trabalho.

A Figura 1.1 apresenta um fluxograma organizacional do presente trabalho,
com intuito de melhor entendimento das etapas realizadas na consecucao do

mesmo.



Figura 1.1- Fluxograma das atividades realizadas nesta dissertagéo
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CAPITULO 2 - REVISAO BIBLIOGRAFICA
2.1 GENERO Lupinus sp.

A palavra Lupinus tem origem do latim, lapus (lobo), pela grande capacidade
de adaptacdo em todos os tipos de ambientes, sendo necessério, para isso, uma
leve camada de solo (BARROSO, 1991; SPRENT, 2000). Este género é constituido
por plantas anuais herbaceas ou perenes herbaceas e arbustivas, apresentando
crescimento ereto, folhas compostas e digitadas, frutos em forma de vagem e
inflorescéncias papilonadas e racemosas (Figura 2.1) (PINHEIRO, 2000; PINHEIRO
& MIOTTO, 2001).

Figura 2.1- Inflorescéncia de Lupinus luteus (tremoc¢o amarelo) (A), Lupinus albus
(tremoco branco) (B) e Lupinus angustifolius (tremoco azul) (C)

Fonte: (CREMONEZ et al., 2013).

Sao consideradas plantas rasticas, por apresentarem foliolos e ramos pilosos
com alto teor de substancias resiniferas, caracteristica esta que serve como
mecanismo de protecdo e adaptacdo as condi¢Bes climaticas de determinadas
regibes. S&o encontrados em sua maioria em habitats ensolarados e abertos, sendo
intolerantes a muita protecdo (PINHEIRO & MIOTTO, 2001; ROVEDEER, 2007) e
por possuirem um sistema radicular profundo e largo prosperam em solos com
pouca agua e nutrientes (GLADSTONE et al., 1998).

Conhecido popularmente como tremocgo, pertence a familia Fabaceae e
possui mais de 500 espécies em nivel mundial (STEPKOWSKI et al., 2007). Estéo
presentes em grande nuamero, principalmente no oeste da América do Norte, Alasca,
México, Peru, Brasil, Uruguai e Argentina (GLADSTONE, 1998; BACKES, 1999).
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Segundo dados da Flora do Brasil existem 31 espécies de Lupinus sp.,
catalogadas no Brasil, com distribuicdo geogréfica confirmada: Nordeste (Bahia),
Centro-Oeste (Distrito Federal, Goias), Sudeste (Minas Gerais, Rio de Janeiro, Sado
Paulo), Sul (Parani, Rio Grande do Sul, Santa Catarina), com dominios

fitogeograficos na Caatinga, Cerrado, Mata Atlantica e Pampa (Figura 2.2).

Figura 2.2- Distribuicdo de algumas espécies do género Lupinus sp. no Brasil

. L. albescens, L. bracteolaris, L.
gibertianus, L. guaraniticus

L. bracteolaris, L. gibertianus, L.
guaraniticus

. L. arenarius, L. guaraniticus

. L. arenarius, L. comptus, L. coriaceus,
L. crotalarioides, L. decurrens, L.
gibertianus, L. guaraniticus

L. arenarius, L. crotalarioides, L.
elaphoglossum,

L. arenarius, L. crotalarioides

B L crotalarioides,

. L. dusenianus, L. gibertianus,

Fonte: Lupinus in Flora do Brasil 2020 em constru¢do. Jardim Botanico do Rio de Janeiro.

No Rio Grande do Sul, o género Lupinus, esta representado por 13 espécies,
sendo estas, distribuidas por todas as regibes do estado, porém, com uma maior
incidéncia nos Campos de Cima da Serra (BACKES, 1999; PINHEIRO & MIOTTO
2001). Na regido Sudeste sao identificadas as espécies: Lupinus albescens, Lupinus
bracteolaris, Lupinus gibertianus, Lupinus linearis, Lupinus lanatus e Lupinus
multiflorus, além de uma espécie ainda nao identificada (ROVEDEER, 2007).
Destaque para a regidao de Sao Francisco de Assis (S: 29° 43’ 23,2"/ W: 053° 43’

03.4”), onde foi identificada a planta estudada, L. albescens (Figura 2.3).
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Figura 2.3- Regido de S&o Franscisco de Assis(1), onde h& ocorréncia natural de L.
albescens no Rio Grande do Sul

SANTA
CATARINA

RI0.GRANDE
DO SUL

Uruguai

Fonte: Google Earth™.
2.1.1 Lupinus albescens

A vegetagcdo da regido sudoeste do estado do Rio Grande do Sul possui
espécies testemunhas de um paleoambiente desértico, mais seco que o atual. A
exemplo disto verifica-se a ocorréncia de espécies cactaceas, além de diversas
caracteristicas de xerofilia, tais como elevada pilosidade, elevado contetdo de
compostos resiniferos, presenca de 6rgdo de reserva, entre outras peculiaridades
Uteis a este tipo de ambiente (MARCHIORI, 1995). Entre estas espécies, encontra-
se o L. albescens, uma leguminosa que pertence ao “Novo Mundo”, ocorrendo
naturalmente na Argentina, Uruguai, Paraguai e nas regides da Campanha, Litoral e
Missfes do Rio Grande do Sul (PINHEIRO, 2000; GRANADA et al., 2015).

Popularmente conhecida como tremogo nativo, esta espécie apresenta
foliolos e ramos muito pilosos, além de apresentar substancias resiniferas, o que
pode ser um mecanismo de adaptacdo as condi¢cdes edafoclimaticas da regiéo,
comprovando a sua evolugdo paralela a um paleoambiente xeromorfico. Estas

hY

caracteristicas, além de atribuirem alta rusticidade a espécie, possuem efeitos
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benéficos quanto ao uso da espécie em estratégias de recuperacdo de solo e a
torna inadequada ao consumo animal. Essa elevada pilosidade atua diminuindo a
transpiracdo, fator importante em solos de baixa retencdo hidrica (ROVEDDER et
al., 2005). Devido a sua capacidade de crescer em solos arenosos, Fuentes e
Planchuelo (1999), relataram que L. albescens foi a primeira espécie de tremoco a
colonizar bancos de areia e que poderia ser recomendada como planta util para a
fixacdo de dunas.

E uma planta de porte herbaceo, de crescimento ereto, com hébito anual,
apresentando folhas digitadas, inflorescéncias racemosas com flores lilases e frutos
na forma de vagem, com até sete sementes (Figura 2.4) (PINHEIRO, 2000). A
germinacao do tremoco nativo € abundante, levando de 10 a 20 dias para germinar,
formando um banco de plantulas com alta densidade. Por tratar-se de uma espécie
nativa, que nao sofreu processos de melhoramento genético, o L. albescens possui
desuniformidade em algumas fases do seu desenvolvimento, tais como desigual na
emissdo das inflorescéncias e florescimento irregular dentro do racemo
(ROVEDDER, 2007).

Além dessas caracteristicas, a espécie apresenta dorméncia das sementes, 0
qual se trata de um fenémeno fisioldégico causado por bloqueio fisico representado
pelo tegumento resistente e impermeavel que, ao impedir o transito aquoso e as
trocas gasosas, ndo permite a embebicdo da semente nem a oxigenacdo do
embrido, que por isso permanece latente. Essas sementes, denominadas duras,
alcancam grande longevidade e qualquer procedimento que permita romper o
tegumento das sementes (escarificacdo), fazendo-as absorver agua, promove sua

germinacao e emergéncia de plantulas geralmente vigorosas (GRUS, 1990).
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Figura 2.4- Aspectos do tremoco nativo de ocorréncia espontanea em solo arenizado
em S&o Francisco de Assis/RS. A: estado vegetativo de L. albescens, B: processos
erosivos em solos arenizados (habitat), C e D: inflorescéncia do L. albescens

Fonte: autor.

2.2 COMPOSTOS ANTIOXIDANTES

Os antioxidantes podem ser compreendidos como um grupo de substancias
que, quando presentes em concentracdes ideais, normalmente baixas quando
comparadas as concentragbes dos substratos oxidaveis, retardam ou inibem
significativamente a oxidacdo daquele substrato pela reacdo com os radicais livres,
impedindo ou diminuindo o estresse oxidativo (SOUSA et al., 2007).

Basicamente, os antioxidantes séo divididos em dois grupos, primarios que sao
capazes de interromper a cadeia de radicais doando um elétron a um radical lipidico
livre, assumindo a condicéo estavel; e secundarios que reduzem o processo inicial
de formacado do radical livre, utilizando agentes quelantes de metais (OLIVEIRA,
2010).

A origem das substancias antioxidantes pode ser sintética ou natural sendo
benéficas a saude protegendo as células do organismo contra danos causados por
radicais livres e espécies reativas de oxigénio (BAJEROVA et al, 2014; GOUFO &
TRINDADE, 2014). Crescente interesse na identificacdo de antioxidantes naturais

eficazes e econdmicos tem surgido devido ao aumento da preocupacdo com a
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seguranca dos antioxidantes sintéticos, tais como o hidroxianisolbutilado e
hidroxitoluenobutilado (LAOKULDILOK et al., 2011). Os antioxidantes vegetais sao
de natureza muito variada, mas os compostos fenélicos tém sido apontados como
responsaveis por maior capacidade antioxidante, sendo representados pelos
flavonoides e isoflavonoides, taninos, ligninas, xantonas e outros (RAZAVI et al.,
2008).

Muitos métodos sdo usados para estimar a atividade antioxidante de uma
substancia ou de uma mistura de substancias. Estudos demonstraram que a
atividade antioxidante é fortemente influenciada pelo método de determinacao, razao
pela qual os dados da literatura séo dificeis de serem comparados. Além disso, as
propriedades antioxidantes de Oleos essenciais dependem da composicao
qualitativa e quantitativa dos sistemas em teste (RUBERTO & BARATTA, 2000).

Dentre os métodos mais utilizados para a avaliacdo DPPH (KUSKOSKI et al.,
2005; BARBOSA et al., 2006, ABE et al.,, 2007; DUARTE-ALMEIDA et al., 2006),
método que consiste em avaliar a atividade sequestradora do radical DPPH, que
possui coloragdo purpura que absorve a 515 nm, na qual através de um antioxidante
o radical DPPH é reduzido formando o difenil-picril-hidrazina, de coloracdo amarela
(SOUSA et al., 2007).

2.3 CONTROLE BIOLOGICO

O controle das doencgas na agricultura tem se intensificado, sendo realizado
basicamente através do emprego de produtos quimicos (VENTUROSO et al., 2010).
Estes produtos em curto prazo auxiliam de maneira eficaz o agricultor no alcance de
altas produtividades. Porém, em longo prazo, acarreta resultados negativos tanto
para a sociedade como para o ambiente: isolados dos fitopatdgenos resistentes as
substancias quimicas utilizadas, residuos nos alimentos, desequilibrio biolégico,
intoxicacdo de operadores, sé&o alguns dos problemas existentes (SCHWAN-
ESTRADA et al., 2000).

Nos ultimos anos, tem havido crescente interesse em métodos agricolas que
sejam ambientalmente e economicamente viaveis. Assim sendo, é de fundamental
importancia a pesquisa constante e a procura de novos grupos quimicos com efeitos
fungicidas. Na natureza, a maioria das plantas s&o resistentes aos diferentes

patdogenos e essa resisténcia pode estar relacionada a existéncia de fungicidas
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produzidos naturalmente (LEMOS et al., 1990). A busca de métodos alternativos ao
controle quimico inclui a utilizagdo de produtos naturais que S&o menos agressivos
ao ambiente, destacando-se entre estes 0s extratos botanicos (PEREIRA et al.,
2008; JABRAN et al., 2015).

Existe uma grande diversidade de fontes entre os extratos botanicos. Eles
podem ser extraidos de uma planta inteira ou de uma parte da planta (parte aérea,
ramo, bulbo, flor, fruta, folha, casca, raiz, semente) e de material vegetal fresco ou
seco (OKWU et al., 2007; CHOHAN et al., 2011; CORDOVA-ALBORES et al., 2014;
WANG et al., 2016). A composi¢céo dos vegetais flutua em quantidade e qualidade,
dependendo da planta (espécie, variedade, subespécie), 6érgao, idade ou estagio da
planta, composicdo do solo, estacdo e clima (BASER & BUCHBAUER, 2009;
PITAROKILI et al., 2003; RAEISI et al., 2015; LICATA et al., 2015; MOGHADDAM &
MEHDIZADEH, 2015).

2.3.1 Extratos vegetais com potencial biolégico — Metabdlitos

O metabolismo vegetal consiste em um conjunto de reagcfes que ocorrem em
cada célula que visam a producado de energia através da adenosina trifosfato (ATP)
e biossintese de substancias indispensaveis a sua sobrevivéncia (CAPASSO et al.,
2011). Os compostos quimicos obtidos sdo chamados de metabdlitos, que podem
ser classificados como primarios ou secundarios.

Os metabolitos primarios sdo essenciais ao crescimento e a vida das plantas,
como 0s monossacarideos, aminoacidos entre outros. Os metabdlitos secundarios
estdo relacionados aos processos adaptativos de defesa das plantas sendo
considerados produtos finais (ANARAT-CAPPILLINO & SATTELY, 2014). As
plantas, apesar de autotroficas, sdo imoveis, ndo podendo escapar do ataque de
fitopatdgenos, pragas ou invasdo de outras plantas, por esta razdo a principal funcéo
destes metabdlitos é a protecdo contra o ataque de seus inimigos (OLIVEIRA et al.,
2012). Pode-se afirmar, portanto, que os metabdlitos secundarios sdo a forma
encontrada pelas plantas para se comunicar ou responder a estimulos externos
(PAVARINI et al., 2012).

A interacdo quimica de plantas e microrganismos através da producdo e
liberacdo no ambiente de compostos provenientes do metabolismo secundario, que

podem interferir no crescimento e no desenvolvimento de sistemas biolégicos é


http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0705
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0705
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0760
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0760
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0760
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0760
http://www.sciencedirect.com/science/article/pii/S1049964416301074#b0760
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conhecido como alelopatia. Estes compostos (aleloquimicos) podem ser usados
diretamente para a formulagdo de herbicidas naturais, inseticidas, fungicidas e
nematicidas (defensivos agricolas) ou até mesmo alterados a fim de melhorar sua
acdo biologica (HERNANDEZ-TERRONES et al., 2007; FERREIRA et al., 2008;
DOUSSEAU et al., 2008; OLIVEIRA et al., 2012; SILVA et al., 2014b).

As substancias aleloquimicas podem ser produzidas em todos os tecidos da
planta como, folhas, flores, frutos, raizes, rizomas, caules e sementes. Sua presenca
pode variar em quantidade e qualidade e de espécie para espécie, visto que sua
ocorréncia e sintese sofrem influéncia de fatores genéticos e ambientais (VIDAL,
2010; LI et al., 2011).

Sao conhecidos cerca de 10.000 metabdlitos secundarios com acao
alelopatica (BARBOSA et al., 2008). Convém ressaltar que o0s terpenos, 0s
compostos fendlicos e os alcaloides sédo os trés grupos de metabdlitos secundarios
mais importantes nas plantas (VIZZOTTO et al.,, 2010) que apresentam diversas
aplicacoes em muitas areas. Isso se deve ao fato de atuarem como agentes
antibacterianos  ou antifangicos, agentes redutores do  colesterol,
imunossupressores, antiparasitarios e herbicidas (VAISHNAV & DEMAIN, 2010).

2.3.2 Potencial antifungico de extratos vegetais

Um dos principais métodos de controle de doencas de plantas é a utilizacédo
de fungicidas sintéticos (GARCIA et al., 2012). Seu uso constante pode promover a
selecédo de fungos fitopatogénicos resistentes, fazendo com que estes ndo tenham
mais uma eficiéncia satisfatoria (SILVA et al., 2008). A utilizacdo de extratos
vegetais é vista como uma grande oportunidade, reduzindo os riscos causados pela
utilizacdo de produtos sintéticos e devido a grande variabilidade de estruturas
guimicas existentes e por serem teoricamente, mais seguros ao ambiente (TUR et
al., 2010; KLEIN, 2015).

Os compostos naturais produzidos por plantas que possuem atividade
bioldgica, sdo as principais fontes de novas estruturas quimicas com potencial para
utilizag&o nas industrias farmacéuticas, alimenticia e agricola (MACIAS et al., 2008).
Extratos de diversas espécies vegetais apresentam potencial contra fungos
fitopatogénicos (PLODPAI et al., 2013; SUKORINI et al., 2013) e ja foram testados
em diversos trabalhos (ROMERO et al., 2009; DOMINGUES et al., 2011; SILVA et
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al., 2012; CRUZ et al., 2013; YUSNAWAN et al., 2015), mostrando seu potencial de
controle a partir da inibicdo do crescimento micelial, germinacdo de esporos dos
fungos, entre outras formas.

Os mecanismos pelos quais o0s produtos botanicos atuam contra
microrganismos sao ainda poucos conhecidos. Esses mecanismos dependem da
composicao dos extratos. Estudos revelam que os principais componentes Sao 0s
responsaveis pela atividade bioldgica dos extratos, mas outros concluem que varios
componentes atuam em sinergia (PITAROKILI et al., 2003; BAKKALI et al., 2008).
Além disso, como os extratos contém uma mistura de componentes diversos, sua
atividade antifungica provavelmente ndo é atribuivel a um Unico mecanismo. Os
principais mecanismos relatados até agora sdo a interrup¢cdo da membrana, a
guelacdo do metal, a interagdo com o DNA e a inducéo de reacdes de defesa da
planta (COWAN, 1999; ARZOO et al., 2012).

Varios estudos relatam que os extratos ou alguns de seus componentes sédo
capazes de perturbar a parede celular e a integridade da membrana e penetrar
facilmente nas células (LI et al., 2015; PONTIN et al., 2015). Essa interrupcao
provoca danos na membrana mitocondrial, 0 que induz mudancgas na cadeia de
transporte de elétrons. Consequentemente, os radicais livres sédo produzidos, e eles
oxidam e danificam lipidios, proteinas e DNA. Em contato com espécies reativas de
oxigénio, os compostos fendlicos sdo oxidados e liberam radicais de fenoxilo
reativos (BAKKALI et al., 2008; ALAM et al., 2014).

2.3.2.1 Fungos Fitopatogénicos — Género Fusarium

Os fungos constituem um grupo numeroso de organismos, bastante
diversificado filogeneticamente e de grande importancia ecoldgica e econémica. Os
fungos fitopatogénicos representam uma importante classe, cuja maioria deles tem a
capacidade de se desenvolver em diversos tipos de substratos. Sao agentes
causadores de diversos tipos de doencas em vegetais, acarretando perdas
significativas na agricultura, destruindo grdos durante a estocagem, diminuindo o
valor nutritivo e, algumas vezes, produzindo micotoxinas prejudiciais ao homem e
aos animais (KIMATI et al., 2005).

O género Fusarium pertence ao filo Ascomycota e é inserido dentro do Sub-

filo Pezizomycotina, classe Sordariomycetes (INDEX FUNGORUM, 2016). Doencas
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fungicas causadas pelo género Fusarium sp. em plantas impedem a producéo
agricola em todo o mundo (GULLINO et al., 2015), causando sérios problemas
econdbmicos ocasionados pela sua acdo como fitopatdbgeno, além de sua ampla
distribuicdo geografica (ETHUR et al., 2008). Os estudos referentes a distribuicdo
populacional de Fusarium sp. na maioria das vezes, limitam-se as areas de cultivo
com grandes culturas, como soja e trigo, possivelmente por serem o principal alvo
do mercado de agroquimicos (ETHUR et al., 2008). Entretanto, além de infectar as
culturas, o género Fusarium é conhecido por produzir micotoxinas em graos
armazenados (MASHESHWAR et al., 2009).

Esse género produz um micélio de aspecto aveludado, com matizes rosadas,
vermelhas, violetas ou marrons (Figura 2.5). A maioria das suas espécies €&
habitante do solo, de ocorréncia cosmopolita e consegue sobreviver na auséncia do

hospedeiro, como sapréfita (KIMATI et al., 2005).

Figura 2.5- Aspecto dos Fungos: Fusarium verticillioides (A) e Fusarium oxysporum

(B)

Fonte: autor.

2.3.2.1.1 Fusarium oxysporum

O F. oxysporum é um dos agentes patogénicos mais importantes do solo que
causa doencas de murcha em grande variedade de culturas (HASHEM et al.,
2010), causando sérios danos durante a producdo e armazenamento (GULLINO et
al., 2015). O patégeno tem a capacidade de persistir por periodos muito longos no
solo sem hospedeiro (LARENA et al., 2003). As estratégias quimicas que envolvem
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a utilizacdo de pesticidas sintéticos para o controle de fungos tém agora sido
desencorajadas devido a efeitos indesejaveis na saude do solo, nos seres humanos
e nos organismos nao visados no ambiente (DE CAL et al., 2009).

Mais de 20 doencas com importancia econémica sdo causadas por essa
espécie. Esse patdgeno invade as plantas principalmente pelo sistema radicular e
coloniza o xilema. Alguns dos sintomas provocados pelas plantas sao: murcha,
descoloracéo vascular, clorose, nanismo e morte prematura das plantas (PEREIRA,
2007). F. oxysporum é um fungo facultativo ascomiceto e apresenta uma ampla
resisténcia aos agentes antifingicos vulgarmente utilizados, por conseguinte, é
necessario o desenvolvimento de agentes alternativos para seu controle
(DANANJAYA et al., 2017).

2.3.2.1.2 Fusarium verticillioides

O F. verticillioides tem como forma teleomorfica descrita a espécie Giberella
moniliformis, mas também é pertencente ao complexo de espécies Giberella
fujikuroi, tendo também outras populacdes como representantes das espécie F.
subglutinans e F. proliferatum (LESLIE & SUMMERELL, 2006). Produz hifas aéreas
com aspecto algodonoso e coloragédo esbranquicada e o verso com coloragdo que
varia de creme ao rosa e violeta (IARC, 2002).

E um importante patégeno fangico do milho de importancia econdmica em
todo o mundo. No campo € capaz de causar infeccdo sistémica da planta do milho,
tais como a podriddo de sementes, plantulas, raizes, caule (BATTILANI et al., 2011;
MASCHIETTO et al., 2016). O processo de infecgdo por F. verticillioides e o acimulo
de micotoxinas séo influenciados pelas condicbes ambientais, também pela
resisténcia do hospedeiro e pela composi¢cdo bioquimica do grdo, incluindo a
umidade, estagio de desenvolvimento e composicéo lipidica (SAGARAM et al., 2006;
BATTILANI et al., 2008; WOLOSHUK & SHIM, 2013; MASCHIETTO et al., 2015).

Além de sua capacidade destrutiva, a ocorréncia do patégeno € agravada por
produzir principalmente as micotoxinas fumonisinas B1l, B2 e B3, conhecidas por
causarem doencas em animais (JIMENEZ et al., 2003; DAMBOLENA et al., 2010) e
é considerada carcinogénica para o homem (SANTIAGO et al., 2015). A principal
abordagem para minimizar danos que podem fornecer pontos de entrada para este

patbgeno e aumentar a contaminagdo por micotoxinas € o uso de fungicidas
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(MAZZONI et al., 2011). No entanto, existe um interesse significativo e esforgco para
desenvolver estratégias de controle integrado menos dependentes das medidas de
controle quimico, especialmente para sistemas de producdo sustentaveis e
organicos (SAMSUDIN et al., 2017).

2.4 PROCESSOS DE EXTRACAO

O termo extracdo significa retirar, da maneira mais seletiva e completa
possivel, as substancias ou fracdo ativa contidas na droga vegetal, utilizando, para
isso, uma mistura de liquidos tecnologicamente e toxicologicamente apropriados
(SANTOS et al.,, 2013). Antes de executar uma extracdo, deve-se levar em
consideracdo uma série de fatores que interferem nesta operagdo, tais como as
caracteristicas do material vegetal, o seu grau de divisdo, 0 meio extrator (solvente)
e a metodologia a ser empregada.

Os extratos vegetais sdo obtidos de partes de plantas através de diferentes
processos de extracdo, porém a estrutura histolégica das diversas partes
componentes de uma planta € bastante heterogénea. Existem érgdos, como as
raizes e os caules, cujos tecidos estdo extraordinariamente compactados (xilema),
ao passo que em flores e folhas os tecidos se apresentam com textura mais
delicada. Como o poder de penetracdo dos solventes depende, entre outros fatores,
da consisténcia dos tecidos que formam o material a extrair, € necessario considerar
que quanto mais rigido for o material menor deve ser sua granulometria. O solvente
escolhido deve ser o mais seletivo possivel. E gracas a seletividade e por
consequéncia a polaridade do solvente que se pode extrair apenas as substancias
desejadas ou em maior quantidade (SIMOES et al., 2000).

A obtencdo de extratos naturais pode ser realizada por processos
convencionais com utilizacdo de solventes organicos. Processos alternativos de
extracdo tém sido estudados para a obtencdo de produtos e matérias-primas com
apelo natural e mais adequados, tendo em vista a reducdo de tempo de processo,
melhorias nos rendimentos e na qualidade final do produto (COELHO et al., 2015).

2.4.1 Soxhlet

As extragbes com solventes organicos podem utilizar uma grande variedade

de solventes e sdo comumente aplicadas nas industrias farmacéuticas, quimicas e
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obtencado de extratos em geral (REVERCHON et al., 2006). O n-hexano é o solvente
comumente mais usado, descrito como um dos mais eficientes (BARREIRA et al.,
2014).

O processo de extracdo Soxhlet é utilizado sobre tudo, para extrair sélidos
com solventes volateis, exigindo o emprego do aparelho Soxhlet (Figura 2.6)
(SIMOES et al., 2000). Essa técnica apresenta vantagens em relacdo ao alto
rendimento, mas a desvantagem desse processo € a necessidade de eliminacdo do
solvente apds a extracdo e o uso de temperaturas muito altas (REVERCHON et al.,
2006).

Figura 2.6- Aparelho de extracdo convencional — Soxhlet

Fonte: autor.

O ideal é que os procedimentos de extracdo sejam ecologicamente corretos,
porém a extracdo Soxhlet ndo atende este critério. Este método utiliza solventes
perigosos e emite vapores toxicos, com isso surge a necessidade de tecnologias
mais limpas, como a ESC (SAHENA et al., 2009).

2.4.2 Extracdo Supercritica

Em 1822 o estado supercritico foi evidenciado pela primeira vez e no ano de
1879, Hannay e Hogarth demonstraram a capacidade dos fluidos supercriticos em

dissolver solutos, introduzindo a possibilidade de um novo solvente (HERRERO et
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al., 2010; ROMBAUT et al., 2014). No entanto, apenas no inicio dos anos 1970 que
a ESC foi aplicada para processamento de 6leos comestiveis e seus compostos
(BRUNNER, 2005). As primeiras aplicacbes desta tecnologia foram com a
descafeinacdo do café e do cha e atualmente tem sido industrialmente utilizada na
obtencao de diferentes produtos (MANTELL et al., 2013).

Um fluido supercritico é definido como uma substancia que se encontra acima
de sua temperatura e pressado criticas do solvente (KNEZ et al., 2014). Acima do
ponto critico, deixa de haver tensédo superficial e separacdo entre as fases liquida e
gasosa em equilibrio, formando-se uma Unica fase supercritica, cujas propriedades
sdo intermediarias daqueles dois estados. Abaixo do ponto critico o fluido pode
existir como um liquido ou como um vapor (SANDLER, 1989). A condicéo de fluido

supercritico pode ser visualizada na Figura 2.7.

Figura 2.7- Diagrama de fases em condi¢fes de fluido supercritico
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Fonte: Adaptado de KNEZ et al. (2014).
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Uma das caracteristicas do fluido supercritico é apresentar algumas
propriedades dos gases e liquidos ao mesmo tempo. Sua viscosidade e difusividade
sdo semelhantes a dos gases e densidade semelhante a dos liquidos, possuindo
também uma tensao superficial minima, o que facilita a molhabilidade completa de
substratos de geometrias complexas. Isto proporciona uma excelente solubilizacéo
em matrizes solidas tornando-o uma oOtima ferramenta na area da extracdo de
produtos naturais (SCOPEL, 2013). A Tabela 2.1 apresenta a comparacao entre as

propriedades fisicas dos fluidos supercriticos, dos gases e dos liquidos.
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Tabela 2.1- Comparacdo entre as propriedades de gases, liquidos e fluidos
supercriticos

Gés Fluido supercritico Liquido
Propriedades fisicas

(1 atm, 15-30°C) Tc, Pc Tc, 4xPc 15-30°C
Difusidade (cm?/s) 0,1-0,4 0,7x10° 0,2x10® (0,2-2)x10°
Viscosidade (g/cm.s) (1-3)x10™ (1-3)x10*  (3-9)x10*  (0,2-3)x10%
Densidade (g/L) (0,6—2)x10'3 0,2-0,5 0,4-0,9 0,6-1,6

Fonte: Adaptado de BRUNNER (2005) e TZIA et al. (2003).

Esta alteracdo do estado de agregacdo de um gas ou liquido, em funcao de
mudangas na pressdo e na temperatura, conduz a uma mudanga na sua densidade
e no poder de solvatacdo, alterando o comportamento quimico da substancia
(SARGENTI, 1994).

Para a extracdo com fluidos supercriticos podem ser utilizados diversos
solventes, como o etanol, propano, pentano e n-butano. Porém o mais utilizado tem
sido o diéxido de carbono, devido a sua ndo toxidez em baixas concentracbes e néo
inflamabilidade (BRUNNER, 2005; POULIOT et al., 2014). Convém ressaltar que
permite operacfes supercriticas com pressdes relativamente baixas e temperaturas
proximas a ambiente (T¢: 31,1°C; P.: 73,8 bar) (REVERCHON & DE MARCO, 2006;
POULIOT et al., 2014), o que traz vantagens na extracdo de compostos sensiveis e
conservacao de substancias termolabeis ou facilmente oxidaveis (HERRERO et al.,
2010; SILVA, 2014a).

2.4.3 Extracdo com liquidos pressurizados

Cada vez mais se tem aumentado o interesse em substituir as extracdes
convencionais por extragcdes que utilizem condi¢cdes (pressédo e temperatura) mais
brandas e que alcancem rendimentos satisfatérios, levando em consideracdo o
rendimento, a eficiéncia e a qualidade do Oleo/extrato extraido (ABAIDE et al., 2017).
Assim a extracdo por fluidos pressurizados tem se mostrado uma alternativa
promissora, economicamente viavel e ecologicamente vantajosa em diversos
processos industriais (RIBAS et al., 2014).
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A utilizacdo de n-butano e propano liquido surge como uma alternativa aos
processos tradicionais. Quando esses gases sao liquefeitos, suas propriedades
fisico-quimicas séo ideais (YANG et al., 2004), no entanto, o custo deste solvente é
vinte vezes mais elevado quando comparado ao CO, supercritico. Para isso um
solvente alternativo seria 0 GLP comprimido, que contém em sua composi¢ado, como
substancias majoritarias, o propano e o n-butano (SILVA et al., 2013; RIBAS et al.,
2014; SILVA et al., 2014c).

Como qualquer gas comprimido, o GLP tem a vantagem sobre os solventes
organicos liquidos de ser facilmente separado do produto final por despressurizagédo
do sistema (SOARES et al., 2016a). Quando comparado com o CO, supercritico
diversos trabalhos demonstram sua eficiéncia quanto ao rendimento e tempo de
extracdo (DAL PRA et al., 2016; SOARES et al., 2016a; ABAIDE et al., 2017;
SALLET et al., 2017). Porém o GLP é altamente inflamavel, toxico, sendo um liquido
incolor, assim, a extracdo com GLP comprimido como solvente requer mais
seguranca, atencao e controle, quando comparada com o CO, (BIER et al., 2016).
Apesar das vantagens na utilizacdo do GLP, até o momento, nenhum estudo tem
sido relatado na literatura utilizando este solvente na extracdo de compostos

bioativos de L. albescens.

2.5 ESTUDO DA CINETICA DE EXTRACAO

O estudo das curvas cinéticas de extracdo e o conhecimento das variaveis
operacionais permitem respostas importantes que ajudam a definir a ampliacdo dos
processos. As curvas cinéticas sdo obtidas a partir da plotagem da massa
acumulada, ou rendimento em relacdo ao tempo de extracdo ou em relacdo ao
consumo de solvente (BARROS et al., 2016).

As curvas de extragdo podem ser caracterizadas por trés periodos (Figura
2.8): taxa de extragdo constante (CER), periodo de taxa decrescente de extragédo
(FER) e periodo difusional (Etapa difusional) (BRUNNER, 2005; PIANTINO et al.,
2008; MEZZOMO et al., 2009). Na etapa CER a remocao do extrato ocorre na
superficie externa da particula a uma velocidade aproximadamente constante, por
conveccado. No periodo FER ocorre resisténcia a transferéncia de massa na interface
solido-fluido devido a falhas do soluto na camada externa da superficie da matriz,

iniciando o mecanismo de difusdo, que atua combinado com a conveccgédo. A ultima
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etapa da curva € o periodo onde ndo ha soluto na superficie da particula sélida,
caracterizando a retirada do extrato através do mecanismo de difusdo (FERREIRA &
Meireles 2002).

As curvas de ESC podem ser utilizadas para determinacdo de parametros
como: tempo de processo, caracterizagao de etapas de extracdo, determinacéo de
solubilidade e modelagem da transferéncia de massa do sistema. A modelagem das
curvas € importante para se obter informacfes relacionadas com a pressao,
temperatura e vazdo do solvente, permitindo a ampliacdo de escala dos processos
de ESC (PERRUT, 2000).

Figura 2.8- Cinética de extracdo caracterizada por trés periodos: CER, FER e Etapa
difusional
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Fonte: Adaptado de BARROS, et al. (2016).

2.6 MODELAGEM MATEMATICA

A modelagem das curvas cinéticas pode servir para ajustar curvas
experimentais ou mesmo compreender os fenbmenos que controlam o processo de
ESC (MARTINEZ et al.,, 2003). No entanto tem como principal objetivo definir
parametros para o desenho dos processos, como as dimensdes do equipamento a
ser projetado, fluxo do solvente e tamanho de particula da matriz. Convém ressaltar
gue varios modelos matematicos sdo apresentados na literatura para descrever a
EFS, porém um modelo deve ser um instrumento matematico que reflete o

comportamento fisico da estrutura sélida e as observacdes experimentais. Desta
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forma, pode ser usado como uma ferramenta de simulagcdo para as curvas de
cinética de EFS e depois, para aplicacbes industriais desta tecnologia (MEZZOMO
et al., 2009).

Os modelos matematicos permitem generalizar os resultados experimentais,
descrevendo os principais fendmenos de interesse através de uma equag¢ao ou um
sistema de equacdes, que posteriormente poderdo ser aplicados a condi¢cbes de
trabalho, diferentes daquelas inicialmente pesquisadas, possibilitando assim obter
informacBes necessarias para dimensionamento de uma unidade de extracao
supercritica (MOURA, 2004). Em geral, diversos modelos matematicos tém sido
utilizados objetivando a predicdo de curvas cinéticas de extracdo e estes
normalmente sdo baseados em equacdes empiricas ou no balanco diferencial de
massa aplicado na coluna de extracdo (QUISPE-CONDORI, 2005).

Os primeiros trabalhos baseados em modelagem matematica foram
realizados por Bulley et al. (1984), este modelo foi baseado em balancos diferenciais
e nas leis de conservacdo de massa para o0 processo de extracao de 6leo de canola.
Em 1993, Reverchon e colaboradores, a partir da ESC de 0leos essenciais de
matrizes herbaceas, propuseram um modelo matematico que consistia num balanco
diferencial numa particula esférica, considerando difuséo interna. Sovova em 1994
estudando o processo de extracdo de sementes moidas, foi a primeira tentativa de
introduzir uma descricéo fisica do substrato vegetal na modelagem matematica. E
importante destacar que cada vez mais ha trabalhos desenvolvidos, quanto a
modelagem mateméatica em relacdo a extracdo supercritica (ZABOT et al., 2014;
MORAES et al., 2015; SOARES et al., 2016b; ABAIDE et al., 2017; SALLET et al.,
2017).
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Extraction and composition of extracts obtained from Lupinus albescens using

supercritical carbon dioxide and compressed liquefied petroleum gas
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Abstract

This work presents the extraction yields, kinetic parameters, and composition of
extracts obtained from flowers, leaves, stalks, and roots of Lupinus albescens.
Different conditions of pressure and temperature were evaluated using supercritical
CO, (150, 200 and 250 bar; 40, 50 and 60°C) and compressed liquefied petroleum
gas (LPG) (15, 25 and 30 bar; 25, 35 and 45°C). The spline model was used to
determine kinetic parameters for the processes. The highest yield obtained was 1.2
wt.% from the flowers using LPG under 15 bar and 25°C. The roots provided the
highest composition of stigmasterol (50.8%) and ergosterol (25.6%) in the extracts
obtained by LPG. Other compounds were identified, as tetracosanol, pentadecanoic
acid and eicosanol. Thus, this work highlights the possibility of using supercritical
CO, or compressed LPG for obtaining bioactive compounds found in the Lupinus

albescens plant.

Keywords: Lupinus albescens; supercritical CO, extraction; compressed LPG

extraction; kinetic parameters; bioactive compounds.

Introduction

Plants are widely studied as a source of bioactive compounds because of their
easy availability and diversity [1]. Active substances found in plant extracts can be
used in a variety of products, such as food, cosmetics, medicines and agricultural [2,
3]. The application of active substances increases the interest of several industrial
sectors in the exploitation and extraction of extracts from novel species of plants, as
well as the interest in the chemical composition and optimization of extractive
methods [4].
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The genus Lupinus, popularly known as lupine, belongs to the family
Fabaceae and it is composed of approximately 300 species [5]. Divided into "Old
World" and "New World", the plants can be annual or perennial herbaceous and
shrub, being able to grow in wide climatic variation and different environmental
conditions [6].

Amongst the species that constitute the "New World", L. albescens Hook. &
Arn is known as native lupine. It is an annual herbaceous plant with erect growth,
digitate leaves, fruits in the form of pods and lilac flowers. L. albescens plants are
native from the northwest region of Argentina, Uruguay, Paraguay and southern
Brazil [7]. Due to its ability to grow in sandy soils and to be the first species of lupine
to colonize sand banks, studies are directed to its use to fix dunes [8]. However,
studies regarding the yields of extract or chemical characterization could not be
found in the literature up to now.

Therefore, the extraction of bioactive compounds from L. albescens is an
interesting gap. The supercritical fluid extraction (SFE) and pressurized liquid
extraction (PLE) are promising technologies used to obtain bioactive compounds
from natural sources [9, 10]. These techniques have advantages over traditional
extractions such as low energy consumption, easy fluid disposal or reuse and
extraction of thermolabile compounds [2].

SFE can be considered a green technology because it enables solvent-free
extracts [11], which the CO; is the most used solvent for the extraction of bioactive
compounds from natural matrices. It presents advantages such as non-toxic, non-
flammable, and mild working conditions [1]. There are more than 150 SFE plants
worldwide with a total extraction volume of vessels more than 500 L, which most of
these plants are used for extraction of natural products [12]. PLE process requires
lower volumes of solvents and it is faster against traditional techniques [13]. The use
of liquefied petroleum gas (LPG) becomes attractive when compared to other liquid
solvents because it is cheaper and it is more easily separated from the final product
by system depressurization [14], thus assuring the quality and safety of extracts.

Therefore, both techniques (SFE or PLE) using different solvents (CO, or
LPG) for the extraction of bioactive compounds of L. albescens become interesting.
Based on this context, the objective of this study was to evaluate the extraction
yields, kinetic parameters and chemical composition of extracts obtained from
different parts of L. albescens using SFE-CO, and PLE-LPG.
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2. Material and methods

2.1 Plant material

The plant material of L. albescens was collected from Sao Francisco de Assis,
Rio Grande do Sul, Brazil (S: 29° 43’ 23,2"/ W: 053° 43’ 03.4”), in a degraded area
under natural sandy erosion. Identification of samples was done and deposited in the
Herbarium of the Federal University of Santa Maria (UFSM, Brazil) under the
certificate number 15.447.

2.2 L. albescens preparation

Samples were dried at 40°C until a constant mass was reached. Thereafter,
the samples were milled (Marconi, SP, Brazil) and the particles were classified by the
Mean Sauter Diameter using the Tyler series. The sizes ranging from 8 mesh to 48
mesh (0.7 to 0.8 mm) were used for subsequent steps. The samples were

maintained at —12°C until the extractions.

2.3. Solvents and reagents

CO; (purity > 99.5%) was purchased from White Martins S.A. (Santa Maria,
Brazil). LPG was purchased from Liquigas S.A. (Santa Maria, Brazil) and consisted of
a mixture of propane (50.3 wt.%), n-butane (28.4 wt.%), isobutane (13.7 wt.%),
ethane (4.8 wt.%), and other hydrocarbons minor constituents (2.8 wt.%). N-hexane

was supplied by Sigma-Aldrich (Sado Paulo, Brazil).

2.4 Soxhlet extraction

Soxhlet extraction was performed using 1 g of a sample for each plant matrix
and 150 mL of n-hexane for 120 min in a Soxhlet apparatus (Marconi, Model
MA491/6). At the end of the experimental run, the n-hexane was evaporated and the
extracted mass was quantified by the gravimetric method. The assays were

performed in triplicate and the responses were expressed as a mean * standard
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deviation. Soxhlet extractions were used as a reference for comparing the yields and
compositions obtained by SFE-CO, and PLE-LPG.

2.5 Supercritical CO, and compressed LPG extractions

The experimental assays were performed in a laboratory scale equipment [15]
composed mainly by (i) a 100 mL extraction vessel (stainless steel) with internal
diameter of 2.5 cm and 19.5 cm of height, supporting up to 35 MPa; (ii) a syringe
pump (ISCO 500 D, Lincoln, USA); (iii) an ultrathersmostatic cooling bath (Quimis,
Sé&o Paulo, Brazil) for controlling the temperatures of CO, and LPG at the syringe
pump; (iv) an ultrathersmostatic heating bath (Quimis, S&o Paulo, Brazil) with
thermocouples; (v) a heating electric jacket to control the temperature inside the
extraction vessel; (vi) blocking valves and micrometering valves (HIP 15-11AF2
316SS, Erie, USA); and (vii) 1/8 inch tubing of stainless steel (HIP, Erie, USA).

For the extraction procedures with CO, and LPG, approximately 10 g of the
samples (dried and milled) were loaded in the extraction vessel. In the sequence, the
solvent (CO, or LPG) was pumped in the bed and the condition of pressure and
temperature was established (after 20 min). Subsequently, the micrometric valve was
opened at a constant CO, or LPG flow rate to collect the extract in the collection
vials. The extraction time for each matrix was fixed after evaluating the extraction
curve obtained in preliminary tests. The flow rate of LPG and CO; used in all assays
was 4 g/min. During the kinetic extraction curves using supercritical CO,, the extract
was collected at equal intervals of 15 min, while for the compressed LPG the interval
was 2 min. The curves were constructed for all matrices in different experimental
conditions in order to determine the yield of extract as a function of time using the
following equation:

mass of extract (g)

Yield (wt.%) = — - :
initial dry mass of the matrix (g)

(1)

The influence of temperature and pressure on the extraction yields and
chemical composition was evaluated. Assays were performed using the factorial
experimental design with triplicate at the central point. For the experimental assays
carried out with CO,, the extractions were performed at the temperatures of 40, 50,
and 60°C, and the pressures of 150, 200 and 250 bar. The density of the fluid (p)
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was obtained from the Chemistry WebBook — National Institute of Standards and
Technology (NIST) [16]. For the experimental assays carried out with LPG, the
extractions were performed at 25, 35 and 45°C, and at 15, 25 and 35 bar.

The effect of the independent variables on the overall yield obtained by SFE-
CO, and PLE-LPG was analyzed separately by analysis of variance (ANOVA), at 5%
uncertainty level, using STATISTICA 8.0® (Statsoft Inc., USA). The Tukey test was

applied to determine the significant differences among the yields.

2.6. Kinetic extraction curves

The experimental data were fitted to a spline model with 3 straight lines [17]
using SAS 9.2°%;

1) For = leer:

Yield (t)=b1-t 2)
2) For tCER <t< tFER :

Yield (t)= (b, +b,)-t—b, -teer 3)
3) For t>tFER:

Yield (t)= (b, +b, +b,)-t—b, -t —b; -ty (@)

Where: b; is the slope of line 1; by + by is the slope of line 2; b; + b, + bs is the slope
of line 3; t is the extraction time; tcer is the end of the constant extraction rate (CER)
period; teer is the end of the falling extraction rate (FER) period; Yield(t) is the yield of
extract as a function of time.

From the spline fitting, five derived quantities were obtained: 1) the end of the
CER period (tcer); 2) the end of the FER period (tegr); 3) the mass transfer rate for
the CER period (Mcgr); 4) the yield for the CER period (Rcer); and 5) the mass ratio

of solute in the fluid phase at the extraction vessel outlet for the CER period (Y cer).

2.7 Chemical characterization by gas chromatography

The samples were analyzed in a GC-Q/MS system. The autosampler was an

AOC-20is series injector (Shimadzu), the gas chromatograph was a GC-2010 Plus
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(Shimadzu) and the mass spectrometer was a GCMS-QP2010 Ultra (Shimadzu). The
column was a 30 m x 0.25 mm i.d. fused silica capillary column coated with 0.25 pm
Rtx-5MS (Restek). Helium was the carrier gas at a flow rate of 1 mL/min. The injector
temperature was maintained at 300°C. A volume of 1 uL of each sample was injected
with a 1:30 split ratio. The oven temperature program used was of 200°C (hold 5
min), then 15°C/min from 200°C to 280°C (hold 1 min), then 5°C/min from 280 to
300°C (hold 10 min). The interface temperature was held at 320°C and the ion
source temperature at 260°C. Mass spectra were recorded over 35-650 amu range at
0.30 scan/s, with an ionization energy of 70 eV. Identification of individual
components was done using their relative retention indices with the Wiley Registry of
Mass Spectral Data (Palisade Corporation, Newfield, NY).

3. Results and discussion

3.1. Extraction yields

Extraction yields obtained by Soxhlet, SFE-CO, and PLE-LPG from flowers,
leaves, roots and stalks of L. albescens matrices are presented in Table 1. The
highest yield was obtained by Soxhlet extraction, in descending order for flowers
(2.24 wt%), leaves (1.79 wt%), roots (0.28 wt%) and stalks (0.20 wt%).

The highest yield using supercritical CO, was 0.8 wt.% for the flowers. All
matrices of L. albescens presented similar behaviors regarding the yields under SFE-
CO,, where the highest yields were found in assay 4 with conditions of higher
temperature and pressure (60°C - 250 bar). Otherwise, the smaller ones were found
in assay 3 with higher temperature and lower pressure (60°C - 150 bar). According to
Dal Pra et al. [18], higher temperatures favor the extraction yields of vegetal extracts
because the influence of the vapor pressure overlaps the influence of the solvent
density, which consequently increases the solubility of extracts in supercritical CO,.
Furthermore, increasing the pressure improves the solvation power of the solvent,
providing a higher and better permeability of the solvent into the solid matrix.
Consequently, increasing the pressure increases the solubility of solutes.

Regarding the PLE-LPG, the highest extraction yields were obtained from the
flowers (1.2 wt.%) and leaves (1.0 wt.%) under conditions of 25°C - 15 bar and 35°C
- 25 bar, respectively. Otherwise, for the stalks (0.02 wt.%) and roots (0.025 wt%),
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the extraction yields were lower when compared with the extractions using SFE-CO,
at 45°C - 35 bar and 25°C - 15 bar, respectively.

Even though low yields are reached in some cases, some pressurized fluids
have been reported in the extraction of phytochemicals from vegetal matrices. For
example, pressurized n-butane was applied to andiroba (Carapa guianensis) seeds.
The amount of extract obtained in that study was 18 wt.% for the lowest temperature
and pressure (25°C - 7 bar) evaluated during an extraction period of 45 min [19].
Likewise, the extraction of compounds from litchi (Litchi chinensis Sonn.) and oat
(Avena sativa L.) seeds using pressurized n-butane was investigated. The highest
extraction yield was 3.53 wt.% [20].

In this work, based on ANOVA analysis for SFE-CO,, the main effect of
temperature and pressure, as well as their interactions, were significant on the yields.
When analyzing the assays for each solvent or the assays between solvents through
the Tukey’s test, some statistical differences (p-value < 0.05) were observed (Table
1). It indicates that the process variables influenced on most the responses, except
for flowers, where the highest yield does not differ statistically from the others (as the

centralpoint).



Table 1. Comparison of extraction yields obtained from Lupinus albescens using SFE-CO,, PLE-LPG, and Soxhlet
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Yield (wt.%)

3

Assay T (°C) P (bar) P (kg/m’) Flowers Leaves Roots Stalks
Supercritical CO,

1 ((1)40  (-1) 150 750.501 0.40+0.02%"'F 0.42+0.01”° 0.14 + < 0.01%F 0.18 +<0.01* "7
2 (-(1)40  (+1)250  887.534 0.49 +0.01%°€ 0.49 + 0.01%F 0.24 +<0.01”® 0.28 +<0.01”®
3 (+1) 60  (-1) 150 565.509 0.33 +0.02"F 0.34 +<0.01%° 0.10 + < 0.01%F 0.14+<0.01°%F
4 (+1) 60  (+1) 250  776.880 0.81+0.20*%°¢ 0.64 +0.01*° 0.34 +<0.01** 0.40 + <0.01**
5 (0) 50 (0) 200 765.942 0.49 + 0.024¢ <P 0.47 +0.03%F 0.19 +<0.01%° 0.21+<0.017C
6 (0) 50 (0) 200 765.942 0.43 +0.024%¢P 0.51 +0.03%F 0.19 +<0.01%° 0.21+<0.017C
7 (0) 50 (0) 200 765.942 0.46 +0.024¢ P 0.55 + 0.03%F 0.19 +<0.01%° 0.20+<0.01°"C
Compressed LPG

1 (-1)25 (-1)15 Nd 1.18 + 0.02* " 0.80 +<0.01%° 0.12+<0.01"%PFF 0.25+0.01%°

2 (-(1)25  (+1) 35 Nd 1.07 + 0.02"® 0.75+0.01>F 0.15+0.01"F 0.20 +0.014*F G H
3 (+1)45  (-1) 15 Nd 0.77 £ 0.02*© 0.79 +<0.01%¢ 0.11+0.01%%F 0.12 +0.01*F

4 (+1) 45  (+1) 35 Nd 0.85+0.02%F 0.78+0.01** 0.19 +<0.01*°¢ 0.17 +0.01*°"
5 (0) 35 (0) 25 Nd 0.83+0.01%%%¢ 0.80 £+ 0.01%%F 0.13+0.01>%"F 0.23 +0.01%"F

6 (0) 35 (0) 25 Nd 0.84 +0.01%%%¢ 0.98 +0.01%%F 0.12 +0.01>%"F 0.21 +0.01%"F

7 (0) 35 (0) 25 Nd 0.81+0.01%%%¢ 0.79 +0.01%%F 0.15+0.01” %" F 0.21 +0.01%"F
Soxhlet

8 Nd Nd Nd 2.24+0.224 1.79 +0.118 0.20 + 0.007 0.28 + 0.007

T: temperature; P: pressure; p: density; Nd: not determined.

a—e Different letters in the same column represent a significant difference at 95% (p < 0.05 - Tukey test) among the assays for each solvent.

A-G Different letters in the same column represent a significant difference at 95% (p < 0.05—Tukey test) among the assays between both solvents.
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3.2. Extraction curves

Kinetic curves for the extraction of L. albescens matrices by SFE-CO, and
PLE-LPG are presented in Fig. 1. The curves were constructed by the cumulative
mass of extract from L. albescens as a function of extraction time or solvent mass to
feed mass ratio (S/F). The objective was the evaluation of the behavior of extractions

over time.

Fig. 1. Kinetic yields of extracts obtained from Lupinus albescens by SFE-CO, and PLE-

LPG: experimental data and fitted curves using the spline model; assay 1 (m); assay 2 (4);

assay 3 (A); assay 4 (e); average of assays 5, 6 and 7 (x); fitted line (—)
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The behavior of the extractions is typical of two distinguished periods: the first
one means the higher extraction rate and the second one means the smaller
extraction rate. The highest percentage of the extract obtained is in the first period for
both matrices and solvents, differentiating them only as a function of time. For the
leaves, the first stage occurred in the range from 4 to 6 min with compressed LPG
and from 35 to 55 min with supercritical CO,. For the flowers, the first stage occurred
from 3 to 5 min for LPG and from 6 to 12 min for CO,. For the stalks, it succeeded
from 4 to 7 min for LPG and from 8 to 12 min for CO,. For the roots, it succeeded
from 3 to 5 min for LPG and from 12 to 20 min for CO,. However, in the diffusional
period, the increase in the yields is slow over the processing time. Therefore, it is
preferable to work in the CER period, sometimes extending to the falling extraction
rate (FER) period when the bulk extract is sought, where the highest yields might be
obtained [10, 21].

It can be noticed that the extraction time using compressed LPG was
considerably lower for both matrices when compared to the supercritical CO». It
represents an important factor in the energy expended in the process, where the

energy required for the recompression of LPG is lower than that required for CO,
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[18]. Consequently, it is important for the economic variability of the extraction
processes [21, 22]. Sallet et al. [15] reported that extract obtained from a filamentous
fungus (Mortierella isabellina) was extracted in larger amount when using
compressed LPG. Furthermore, Ribas et al. [23] obtained satisfactory yields of
candeia oil when using propane as solvent (one of the main constituents of LPG) in
the extractions. Regarding this work (Fig. 1), approximately 95 wt.% of the whole
extract obtained from flowers using compressed LPG was extracted in the first 8 min
for a flow rate of 4 g/min (S/F = 5), which indicates a fast experimental run.

When comparing different parts of L. albescens, most of the extracts obtained
by SFE-CO; or PLE-LPG was found in the leaves and flowers (Fig. 1). The flowers
contributed with approximately 6 times higher extract than the roots. These
differences can be attributed to the diversified compositions of extracts, especially
related to the sterols, vitamins and fatty acids. The structure of each part also
influenced the behavior of each kinetic curve. For instance, the inclination of the
curves in the first stage of extraction was more pronounced when using the leaves
and flowers. Then, for having a quantitative description of the kinetic curves, kinetic

parameters were evaluated.

3.3. Kinetic parameters

Kinetic curves are important answers to other decisions involving the scale up
of processes. One of the approaches that could be applied to analyze the extraction
curves is to describe these curves by a simple and usable spline model. To obtain
the kinetic parameters, several studies dealing with the extraction of target
compounds from plant sources have been reported [24-27]. In this sense, the kinetic
parameters for the tcer period obtained for each experimental assay from the flowers,
leaves, roots and stalks are reported in Table 2. Fitting of kinetic parameters in the
CER period is common because Mcgr is constant and the productivity of process is

high, that usually influences the costs of the extract [28].



Table 2. Extraction of bioactive compounds from L. albescens by SFE-CO, and PLE-LPG: kinetic parameters
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tcer trer Reer 3 ) S/Fcer Ycer % 10°
Assay , ] Mcegr X 107 (g/min)  Msoicer (9) .
(min) (min) (wt.%) (g solvent/g raw material) (g extract/g sol.)
FLOWERS
Supercritical CO,
1 40°C — 150 bar 10.9 22.6 0.27 2.49 43.6 4.4 0.62
2 40°C — 250 bar 10.3 26.5 0.37 3.56 41.2 4.1 0.89
3 60°C — 150 bar 11.4 36.8 0.19 1.67 45.6 4.6 0.42
4 60°C — 250 bar 7.0 23.0 0.51 7.30 28.0 2.8 1.83
5 50°C — 200 bar 10.2 22.2 0.38 3.73 40.8 4.1 0.93
6 50°C — 200 bar 7.1 21.9 0.27 3.82 28.4 2.8 0.96
7 50°C — 200 bar 10.5 23.3 0.33 3.13 42.0 4.2 0.78
Compressed LPG
1 25°C — 15 bar 5.1 7.7 0.88 17.29 20.4 2.0 4.32
2 25°C — 35 bar 25 9.9 0.44 17.64 10.0 1.0 441
3 45°C — 15 bar 2.7 9.9 0.27 10.04 10.8 1.1 2,51
4 45°C - 35 bar 4.7 9.8 0.44 9.32 18.8 1.9 2.33
5 35°C — 25 bar 35 11.1 0.32 9.08 14.0 14 2.27
6 35°C — 25 bar 2.4 9.3 0.34 14.34 9.6 1.0 3.59
7 35°C — 25 bar 45 11.5 0.48 10.64 18.0 18 2.66




Table 2. (Continued)
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tcer trer Reer 3 ) S/Fcer Ycer % 10°
Assay , , Mcer x 107 (@/min)  Msoicer (9) .
(min) (min) (wt.%) (g solvent/g raw material) (g extract/g sol.)
LEAVES
Supercritical CO,
1 40°C — 150 bar 37.6 150.6 0.22 0.58 150.4 15.0 0.15
2 40°C — 250 bar 35.9 154.3 0.29 0.80 143.6 14.4 0.20
3 60°C — 150 bar 52.6 98.3 0.24 0.45 210.4 21.0 0.11
4 60°C — 250 bar 51.0 106.7 0.52 1.01 204.0 20.4 0.25
5 50°C — 200 bar 49.4 123.1 0.34 0.68 197.6 19.8 0.17
6 50°C — 200 bar 45.1 123.8 0.34 0.76 180.4 18.0 0.19
7 50°C — 200 bar 32.9 110.3 0.32 0.96 131.6 13.2 0.24
Compressed LPG
1 25°C — 15 bar 6.1 12.8 0.58 9.45 24.4 2.4 2.36
2 25°C — 35 bar 6.1 12.9 0.54 8.89 24.4 2.4 2.22
3 45°C — 15 bar 4.5 11.4 0.46 10.22 18.0 1.8 2.56
4 45°C - 35 bar 4.6 12.6 0.61 13.31 18.4 1.8 3.33
5 35°C — 25 bar 3.0 12.1 0.49 16.26 12.0 1.2 4.07
6 35°C — 25 bar 7.2 135 0.93 12.91 28.8 2.9 3.23
7 35°C — 25 bar 2.7 12.7 0.38 14.14 10.8 1.1 3.54
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tcer trer Reer 3 ) S/Fcer Ycer % 10°
Assay , , Mcer x 107 (@/min)  Msoicer (9) .
(min) (min) (wt.%) (g solvent/g raw material) (g extract/g sol)
ROOTS
Supercritical CO,
1 40°C — 150 bar 12.1 30.8 0.08 0.68 48.4 4.8 0.17
2 40°C — 250 bar 16.8 32.6 0.17 1.00 67.2 6.7 0.25
3 60°C — 150 bar 16.0 26.7 0.07 0.44 64.0 6.4 0.11
4 60°C — 250 bar 21.2 30.5 0.32 1.53 84.8 8.5 0.38
5 50°C — 200 bar 15.7 29.8 0.15 0.93 62.8 6.3 0.23
6 50°C — 200 bar 10.7 26.8 0.10 0.90 42.8 4.3 0.22
7 50°C - 200 bar 111 27.5 0.12 1.05 44.4 4.4 0.26
Compressed LPG
1 25°C — 15 bar 45 10.8 0.09 2.01 18.0 1.8 0.50
2 25°C — 35 bar 4.3 9.2 0.09 2.09 17.2 1.7 0.52
3 45°C — 15 bar 4.3 10.6 0.07 1.70 17.2 1.7 0.43
4 45°C - 35 bar 4.8 11.7 0.11 2.21 19.2 1.9 0.55
5 35°C — 25 bar 2.3 9.5 0.06 2.44 9.2 0.9 0.61
6 35°C — 25 bar 2.8 8.7 0.06 2.02 11.2 11 0.51
7 35°C — 25 bar 4.9 10.5 0.09 1.76 19.6 2.0 0.44
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tcer trer Reer 3 ) S/Fcer Ycer % 10°
Assay , , Mcer x 107 (@/min)  Msoicer (9) .
(min) (min) (wt.%) (g solvent/g raw material) (g extract/g sol.)
STALKS
Supercritical CO,
1 40°C — 150 bar 12.3 324 0.09 0.73 49.2 4.9 0.18
2 40°C — 250 bar 16.3 29.4 0.16 1.00 65.2 6.5 0.25
3 60°C — 150 bar 8.1 31.8 0.06 0.72 32.4 3.2 0.18
4 60°C — 250 bar 12.7 28.9 0.23 181 50.8 5.1 0.45
5 50°C — 200 bar 8.5 29.3 0.10 1.12 34.0 3.4 0.28
6 50°C — 200 bar 8.9 29.9 0.09 1.04 35.6 3.6 0.26
7 50°C — 200 bar 8.7 30.0 0.09 1.00 34.8 35 0.25
Compressed LPG
1 25°C — 15 bar 4.4 12.4 0.12 2.78 17.6 1.8 0.70
2 25°C — 35 bar 6.1 9.4 0.13 2.17 24.4 2.4 0.54
3 45°C — 15 bar 7.0 10.0 0.09 1.30 28.0 2.8 0.33
4 45°C - 35 bar 6.7 14.2 0.11 1.60 26.8 2.7 0.40
5 35°C — 25 bar 11.5 14.0 0.19 161 46.0 4.6 0.40
6 35°C — 25 bar 8.2 13.0 0.18 2.20 32.8 3.3 0.55
7 35°C — 25 bar 8.2 10.8 0.17 2.07 32.8 3.3 0.52

CER; Constant Extraction Rate; tcer: end of the CER period; trer: end of the FER period; Rcer: yield of extract for the CER period; Mcegr: mass transfer rate for

the CER period; Mg, cer: Mmass of solvent used in the CER period; S/Fcer: solvent to feed mass ratio in the CER period; Ycgr: mass ratio of solute in the fluid

phase at the extraction vessel outlet for the CER period; sol.: solvent.
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For all matrices, there were remarkable differences of tcer between the
solvents. It is mostly like associated with the higher capacity of LPG in the
solubilization of extracts from L. albescens. It is possible to find reports in the
literature that corroborate the findings shown in this work. For instance, as disclosed
by Skerget et al. [29], solubilities of a-tocopherol in propane (the major component of
LPG) were approximately up to ten times higher than in CO,. Solubilities of a-
tocopherol were from 38.9 to 171.9 mg/g propane and from 0.2 to 17.0 mg/g COx.
Furthermore, the mass ratio of several solutes in the fluid phase at the extraction
vessel outlet for the CER period was larger in LPG than CO; in other reports [9, 14,
15].

When using supercritical CO, and compressed LPG for the leaves, the tcer
ranged from 32.9 to 52.6 min and from 2.7 to 7.2 min, respectively. For the other
matrices, the tcer Was lower, which is an interesting result. For the flowers, variations
from 7.0 to 11.4 min (SFE-CO,) and from 2.4 to 5.1 min (PLE-LPG) were observed
for this parameter. The tcer in the roots ranged from 10.7 to 21.2 min (SFE-CO;) and
from 2.3 to 4.9 min (PLE-LPG), and for the stalks, it ranged from 8.1 to 16.3 min
(SFE-CO,) and from 4.4 to 11.5 min (PLE-LPG). At the central point, the tcgr also
differed among the different matrices (Table 2). Considering the three replicates, the
extraction of compounds from the flowers in the mean tcegr period was 9.3 £ 1.9 min
and 3.5 £ 1.1 min for SFE-CO, and PLE-LPG, respectively. Furthermore, the
deviation of the spline model from experimental data was relatively low, as presented
in Table 3.

In addition, the kinetic curves can be evaluated quantitatively in terms of Mcgr.
If the slope of the line in the first extraction period is increased, the Mcgr is also
increased. Consequently, the higher the Rcgr and the lower the tceg, the higher is the
Mcer [15]. The flowers provided the highest yields, also including the first stage of
extraction. Consequently, the Mcgr Was more pronounced for this matrix. For the
flowers, this parameter ranged from 1.67 x 107 to 7.30 x 10 g/min and from 9.08 x
102 to 17.64 x 10 g/min when supercritical CO, or compressed LPG was used,
respectively. In the literature [9, 27], values of Mcgr in similar scales are similar to
those presented in this work.

The evaluation of the kinetic parameter Ycegr IS also important because it
means the amount of extract solubilized in the solvent. If Ycgr is high, it means that a

large amount of solute has been reached by the solvent. In the extraction of
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compounds from L. albescens, this parameter ranged depending on each matrix
(Table 2). In the same trend, the flowers presented the highest values. In such
matrix, the Ycer ranged from 0.42 x 103 to 1.83 x 10 g/g CO, and from 2.27 x 107
to 4.41 x 10 g/g LPG. The remarkable difference that could be distinguished is the
higher Ycer for all the matrices when using compressed LPG, regardless the
experimental condition. Overall, this kinetic parameter was approximately 3-5 times
higher if LPG was used. The solubilization of compounds was favored as a function
of the characteristics of the solvent. This parameter is rather dependent on the matrix
structure. For easily accessible solutes, it can be a large value [30], while for solutes
that undergo a long extraction period it can be a small value [11].

Regarding the S/Fceg, it was approximately 2-4 times lower if LPG was used.
This behavior was expected because S/Fcegr is associated with tcgr, Mcer and
Msol.cer (mMass of solvent used in the CER period). In a broad evaluation, if the
extracts are obtained faster, the extraction time in the first stage is reduced and,
consequently, the consumption of solvent is also reduced. This information is
important in the economic viewpoint because higher consumption of solvent means
higher expenditures for the manufacturer. For the flowers, the S/Fcer did not exceed
2.0 g LPG/g flowers, which is in accordance with other consumptions reported
elsewhere [10, 15].

Table 3. Correlation of data predicted by the spline model with the experimental data
for the extraction of compounds from Lupinus albescens

Roots Stalks Leaves Flowers

Solvent Assay R?

CO; 1 0.980 0.967 0.957 0.987
2 0.978 0.972 0.958 0.978
3 0.993 0.975 0.977 0.964
4 0.996 0.981 0.986 0.987
5 0.991 0.963 0.983 0.976
6 0.988 0.966 0.973 0.986
7 0.959 0.952 0.967 0.992
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3.4. Extracts composition

Compounds identified for GC-MS in the extracts obtained by SFE-CO,, PLE-

LPG, and Soxhlet from different matrices of L. albescens s are presented in Fig. 2.

The identification was fulfilled only for the experimental assays which presented the

highest bulk yield for each matrix (flowers, leaves, roots, and stalks). Ten compounds

were identified, as stigmasterol and ergosterol the major ones.

Fig. 2. Composition (%, area) of extracts obtained from Lupinus albescens by SFE-
CO,, PLE-LPG, and Soxhlet; the condition that presented the highest yield for each
solvent is presented; Stigmasterol (M); Ergosterol (H); Vitamin E (H); Methyl

Commate ([J); Pentadecanoic acid (£); Eicosanol (); Octadecanoic acid
Neophytadiene (B); Epiergostanol (24); Tetracosanol ().
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Almost all the identified compounds were found in all the morphological parts

studied. However, the percentage is different for some of them. The major compound
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for both solvents and all matrices was stigmasterol, highlighting the root matrix where
it represents around 50% of the total peak area. This compound was also identified
by Silva et al. [31] in extractions from different matrices (flowers, leaves, roots, and
stalks) of Eichhornia crassipes, displaying high concentrations in weight. Fernandes
et al. [32] identified this compound through a phytochemical characterization of
extracts from llex paraguariensis fruits obtained by supercritical CO, and compressed
propane extractions. The stigmasterol is a focus of study and it is reported elsewhere
because it is considered a phytochemical with anti-inflammatory action and
antioxidant activity [33]. It is used as input in several chemical processes to produce
synthetic and semisynthetic compounds for the pharmaceutical industry [34].

Another aspect to be highlighted regards to the highest yields and target
compounds. The results presented (Fig. 2) mean the areas for the assays that
displayed the highest yields of extracts (Table 1). When comparing the solvents (CO,
or LPG), only for the roots and stalks the findings of composition were in the same
trend regarding the yields and composition. According to Capeletto et al. [35], it may
be thought at first glance that the higher extraction yield the more interesting the
process becomes in an extraction plant. However, if the extract associated to the
highest yield results in a decreased biological activity (or weak composition of
bioactive compounds), it means that the target compounds are not being extracted in
an efficient manner. Interfering compounds or inhibitors can be extracted by a large
amount, thus reducing the extract’s quality.

When comparing the extension of the columns (Fig. 2), it is evident that the
supercritical CO, or compressed LPG overcame the conventional Soxhlet extraction
method. Although Soxhlet technique can provide higher yields, the bulk extract can
be contaminated with undesired compounds, as supposed cellulose or its derivatives,
thus influencing on the identification of bioactive compounds. For example, in the
extracts obtained from the leaves using n-hexane (Soxhlet), only two compounds
were identified: stigmasterol (12.9%) and ergosterol (1.5%). Otherwise, in the
extracts obtained from the roots using LPG, stigmasterol (50.8%), ergosterol (25.8%),
tetracosanol (2.0%), pentadecanoic acid (2.0%), epiergostanol (2.0%), eicosanol
(1.9%), methyl commate (1.1%) and octadecanoic acid (0.1%) were identified. For
the CO; the behavior was almost similar. This observation suggests that SFE-CO,, or

PLE-LPG are efficient for the extraction of bioactive compounds.
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However, other undesirable compounds are also co-extracted from plants,
such as waxes. Extracts obtained from Soxhlet technique presented in its
composition higher percentage of waxes (for all matrices) when compared to
supercritical CO, and LPG. The results of waxes in extracts obtained from leaves
were 32.4 wt.% for Soxhlet, 21.1 wt.% for LPG, and 15.8 wt.% for supercritical CO».
Therefore, an SFE processing strategy involving fractionation is required to obtain a

waxes-free extract and to reduce the amount of undesired compounds [36].

4. Conclusion

This work presented data regarding the extractions of compounds from L.
albescens using supercritical CO, and compressed LPG as solvents. With CO,, the
highest yields were obtained from the flowers (0.8 wt.%). With LPG, the highest
yields were obtained from the leaves (1.3 wt.%). The Soxhlet technique using n-
hexane had a significant effect on the extract yields than the supercritical CO, and
pressurized LPG did. However, in the chemical composition regarding
phytochemicals, its contribution was weak. SFE-CO, and PLE-LPG provided more
than 50% stigmasterol and 18% ergosterol in the extracts. When evaluating the mass
transfer mechanism, especially the constant extraction rate period, mass transfer
rates were approximately 2-14 times higher for PLE-LPG than SFE-CO,. Also, tcer
was lower for PLE-LPG. Overall, the results provided a relevant contribution to the
recovery of compounds from L. albescens. We consider that this article is the first
report using supercritical CO, and compressed LPG for the extraction, evaluation of
kinetic parameters and chemical characterization of extracts obtained from all
morphological parts of L. albescens. Following the recent trend, supercritical and/or
compressed extractions can represent a technical, environmentally correct and

economically viable alternative to conventional extraction methods.
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CAPITULO 4- ARTIGO 2

Title: Extracts from Lupinus albescens: antioxidant power and antifungal

activity in vitro against phytopathogenic fungi

ABSTRACT

Fungi are considered one of the most damaging microorganisms in
agriculture. The indiscriminate use of chemical treatments in agricultural products
allows pest resistance and affects human health. An alternative method for synthetic
fungicides is the use of natural products such as plant extracts for the management
of fungal diseases in plants. In this sense, extracts from different parts of Lupinus
albescens (roots, stalks, leaves and flowers) were obtained by extractions with
supercritical carbon dioxide (CO;) and compressed liquefied petroleum gas (LPG).
Thereafter, the antioxidant activity of each extract was measured and the antifungal
activity in vitro of extracts was evaluated against Fusarium oxysporum and Fusarium
verticillioides. The antifungal tests showed that all matrices provided inhibitory effect
against both fungi tested. The extracts obtained from roots by CO, and LPG
presented 70.1% and 65.1% inhibition against F. oxysporum and 67.8% and 61.2%
inhibition against F. verticillioides, respectively. Furthermore, the half maximal
inhibitory concentration (ICsp) ranged from 29.25 pg/ml to 192.96 yg/ml. The results
of this study suggest that the extracts obtained from L. albescens by extractions
using supercritical CO, and compressed LPG might be a potential source of

antioxidants and natural fungicides.

Keywords: Lupinus albescens; antioxidant power; antifungal activity; Fusarium

oxysporum; Fusarium verticillioides.
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1. Introduction

The intensification of agricultural production to attend food requirements is
increasing the importance of reducing fungal diseases that attack cultivated crops.
Species of the genus Fusarium are well known as one of the most widespread plant
pathogens that cause food spoilage and loss of productivity. Furthermore, they are
associated with human and animal diseases through contaminated foods because
they produce mycotoxins.[1] Fusarium is a large genus of filamentous fungi that is
widely distributed in soil, plants, and other organic substrates. This genus comprises
many species, as Fusarium oxysporum and Fusarium verticillioides, and causes
severe infections in plants and humans. [2]

In the development of agro-food chain, the use of synthetic chemical
fungicides to protect post-harvest grains, vegetables and fruits raises environmental
and human health concerns.[3] However, in consideration of this and of antifungal
resistance, novel alternatives, such as physical treatments, natural extracts, and
biocontrol microbes are used instead to control the post-harvest diseases.[4]
Currently, many researchers have concentrated their attention on the use of natural
products from plants for protecting crops from various diseases, minimizing the
negative effects on human health and environmental safety.[3,5,6]

Plant secondary metabolites have great potential as a source of effective
antifungal agents.[7] These compounds derived from plants have demonstrated
several antimicrobial activities, including antifungal activities.[8] In addition, botanical
fungicides are considered more selective and abundant.[9] For the management of
phytopathogenic fungi some botanical fungicides are marketed as: curcuminnoids,
cinnamaldehyde, neem and pyrethins.[9,10]

The genus Lupinus belongs to the Fabaceae family and it is composed of
approximately 300 species divided into "Old World" and "New World".[11] L.
albescens is a leguminous plant that belongs to “New World” lupine species, which is
native from southern Brazil. This Brazilian region is characterized by poor degraded
soils with low organic matter and is designated as a sandstone area.[12] Botanical
parts of L. albescens, such as roots, stalks, leaves, and flowers, contain antioxidant
and antifungal compounds, as stigmasterol and ergosterol.[13] However, none report
could be found in the scientific literature up to now that evaluates the antifungal

properties of the extracts obtained from this leguminous plant.
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Therefore, taking into account the antioxidant power and the potential
inhibitory effects of such extracts against the growth of pathogenic fungi, the
objective of this work was to evaluate the effect of L. albescens extracts on the
mycelial growth in vitro of F. oxysporum and F. verticillioides.

2. Methodology

2.1 Plant material

Samples of roots, stalks, leaves, and flowers of L. albescens were randomly
collected from S&o Francisco de Assis, Brazil (S: 29° 43’ 23,2”/ W: 053° 43’ 03.4").
The samples were identified by the Herbarium of the Federal University of Santa
Maria (UFSM, Brazil) under certificate number 15.447.

2.2 Obtaining the extracts

Extracts were obtained from different parts of L. albescens by supercritical
fluid extraction with CO, and pressurized liquid extraction with liquefied petroleum
gas (LPG). Conditions of pressure and temperature were evaluated, which yielded a
different amount of extracts and different composition of phytochemical
compounds.[13] Based on this, for each matrix was selected the condition that
presented the highest amount of compounds of interest (stigmasterol and ergosterol),
for each of solvents (CO, and LPG), totaling eight samples of extracts were obtained

(Table 1) and used for determining their bioactivities.

Table 1. Extraction conditions and yields of extracts from different parts of L.

albescens: roots, stalks, leaves, and flowers

Botanical part Solvent Temperature (°C) Pressure Yield (g kg™)
(bar)
Roots CO; 40 150 0.0014
LPG 45 35 0.0019

Stalks CO, 60 250 0.0040
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LPG 45 35 0.0017
Leaves CO; 50 200 0.0051
LPG 25 35 0.0079
Flowers CO, 50 200 0.0046
LPG 25 35 0.0083

2.3 Antioxidant activity

Antioxidant activity of L. albescens extracts was performed by 1,1 diphenyl-1-
picrylhydrazyl (DPPHe) method [14] with minor modifications (adapted for
microplates). The method consisted in adding 98.662 yL of DPPHe< (Sigma Aldrich,
Brazil) and 1.34 pL of ethanol p.a. to 100 uL of sample. The solution was agitated
and incubated in the dark for 30 min at room temperature (25°C). 100 pL of ethanolic
solution was used as a reference. The reduction of the DPPH- radical was measured
in Sense Microplate Reader (Hidex, Turku, Finland) by continuous monitoring of the
decrease in absorption at 522 nm. Ascorbic acid was used as a positive control
(standard). The assays were measured in triplicate. The antiradical activity against
DPPHe- (AA) was calculated as Eq. (1).

AA(%) = (AAD”’” —(A-4p )) x 100 1)

AApppH

Where: AAppph IS the absorbance of the DPPH-e solution; A is the absorbance of the

test sample at different concentrations; Ag is the absorbance of the control.

The 1Cso values (ug/ml) (concentrations of test and standard antioxidant
samples that provide 50% inhibition of DPPHe- radicals) which were calculated from

the DPPHe absorption curve at 522 nm.

2.4 Antifungal activity

Ethanolic solutions of extracts were prepared at a concentration of 5000 mg/l.
The control sample consisted of ethanol and distilled water in the same volumetric
concentration. Fungi toxic effect of extracts was evaluated on the development of two
important phytopathogens: F. oxysporum and F. verticillioides, assigned by the

Department of Phytosanitary Defense of the Federal University of Santa Maria
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(UFSM, Brazil). The culture medium used in the experimental assays was Potato
Dextrose Agar (abbreviated as “PDA”, trademark HiMedia®, USA).

Inhibitory effect of ethanolic extracts from L. albescens matrices on the growth
of fungi was carried out by the agar disk-diffusion method.[15] Petri dishes were
completed with PDA culture medium and, after solidification of the medium, a 7 mm
diameter mycelium disc of the test microorganism was transferred from a pure culture
of 7 days to the center of the dishes. Then, two paper disks (approximately 5 mm
diameter) were placed on each side of each dish containing 25 uL of extract at a
concentration of 5000 mg/l. Thereafter, the Petri dishes were inoculated at 28 + 2°C
during 7 days. Diameter of the mycelial growth was measured through of two
diametrically opposite measurements of the colonies when the control reached its
maximum growth. Percentage of inhibition of mycelial growth was determined using
the control concentration growth (Petri dish with only PDA medium) as a reference,
and calculated as Eq. (2):[16]

DC-DT

Inhibition (%) = ( —

)x 100 )
Where: DC is the colony diameter (mm) of the control concentration; DT is the colony
diameter (mm) of the different concentrations evaluated.
2.5 Statistical analysis of antifungal activity

Statistical analysis was performed using a completely randomized design with
3 replicates. For both fungi, F. oxysporum and F. verticillioides, 8 treatments (four
plant matrices x two solvents x one concentration) were evaluated. Data analysis

was performed using the Tukey test (p < 0.05) in the software Statistica 8.0 (Statsoft

Inc., USA). The ICs values were calculated through linear regression analysis.
RESULTS AND DISCUSSION
3. Results and Discussion

3.1 Antioxidant activity

Antioxidant capacity is widely used as a parameter for measure the quality of

bioactive and functional components in food. The quality of natural antioxidants is
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closely related to their functionalities.[17-19] In such way, the DPPH method is an
easy, rapid, stable, and sensitive method to determine the antioxidant activity where
the reaction results in the decrease in the absorbance of free radical species, visible

as the change of color from purple to yellow.[20,21]

In this work, the antioxidant power of the extracts is presented in terms of 1Csp.
Ascorbic acid was used as a standard antioxidant and presented ICso of 8.0 ug/ml,
that is, a referenced minimum concentration used as oxidant control for comparison
purposes. A lower ICso value indicates a higher antioxidant activity [22]. Therefore,

the results obtained for ICso using DPPH method are presented in Fig. 1.

Figure 1. ICso of extracts from L. albescens obtained by supercritical fluid extraction
with carbon dioxide (CO,) and pressurized liquid extraction with compressed liquefied
petroleum gas (LPG)
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In this work, the ICso values ranged from 29.3 ug/mlto 193.0 pg/ml. The lowest
values of ICsy were observed when the extracts obtained from the roots were used.
In such case, the values of ICsy were 29.3 pg/ml for extracts obtained by CO, and
32.9 ug/ml for extracts obtained by LPG. Otherwise, the highest values of ICso were
observed when the extracts obtained from the flowers were tested. These values
were 189.7 ug/ml and 193.0 pg/ml for extracts obtained by CO, and LPG,

respectively. This trend is most likely as a consequence of waxes that are also
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extracted from this matrix.[13,23] When more waxes are extracted, the proportion of
bioactive compounds in the extracts, as sterols and phenolic acids, is reduced
because they are diluted in the bulk extract.

In general, the 1Cs of root extracts from L. albescens were only approximately
3.6 times higher than the value presented by ascorbic acid. This is a promising result
which corroborates with studies reported elsewhere.[24—26] Generally, natural
extracts present values of ICsg larger than control substances do. In some cases, the
ICso can reach high values. For example, ICso ranged from 2364 ug/ml to 11984
pg/ml for extracts obtained from coriander seeds with supercritical CO,.[24]

It is important to point out that different extraction conditions and different
extraction techniques for a same vegetal matrix provide extracts with different ICsp. In
this work, the ICso were slightly larger for LPG than CO, (Fig. 1). However, in the
case of extracts from coriander seeds, the ICso ranged from 24.8 ug/ml to 41.8 pg/ml
when using ultrasound extraction with ethanolic solution (700 g/l ethanol and 300 g/l
water),[25] while it ranged from 75.0 ug/ml to 100.1 pg/ml when using ultrasound
extraction with pure water and from 17.1 ug/ml to 63.4 ug/ml when using supercritical
water.[26]

Furthermore, when comparing the findings presented in this work with results
reported for other vegetal extracts, it is possible to observe that L. albescens extracts
exhibited a higher antioxidant power in relation to the radical DPPH-. Considering
that the values of ICs, for the leaves did not exceed 120 ug/ml, they were at least 9
times lower than those presented for extracts obtained from Sapindus mukorrosi
Gaertn. The leaf and fruit extracts presented ICsp equal to 1114 ug/ml and 1127
pg/ml, respectively.[17] Likewise, Abdel-Farid [27] evaluated metabolomic profiling of
different parts of Acacia species and found different ICso of methanol extracts. Acacia
laeta leaves and pods, Acacia nilotica pods, Acacia seyal leaves and pods, and
Acacia nilotica leaves presented ICso of 130.6, 145.2, 76.1, 76.9, 77.1, and 78.2
Mg/ml, respectively.

The promising values of ICso presented in this work are associated with the
bioactive compounds extracted from the matrices of L. albescens.[13] The major
compounds found in the roots, stalks, leaves, and flowers were stigmasterol,
ergosterol, and eicosanol. All these compounds are reported as potential
antioxidants[28-30] and antifungals.[31,32]



68

3.2 Antifungal activity

In vitro antifungal activity of extracts obtained from L. albescens by
supercritical fluid and pressurized liquid extractions against F. oxysporum and F.
verticillioides are shown in Table 2. All matrices presented antifungal activity against
both species of fungi, ranging from 53.9% to 70.1% inhibition against F. oxysporum

and from 53.5% to 67.8% inhibition against F. verticillioides.

Table 2. Mycelial growth inhibition (percentage of F. oxysporum and F. verticillioides)
by L. albescens extracts

% inhibition
Roots Stalks Leaves Flowers

F. oxysporum

CO; 70.1+ <0.001® 66.0+0.1° 60.5+0.2 ¢ 60.9+0.2 ¢
LPG 65.1+0.1 2 57.8+0.5 "° 60.3+0.3° 53.9+0.2 °
F. verticillioides

CO, 67.8+0.22 59.3+0.2° 55.0+0.3°¢ 55.0+0.1°
LPG 61.2+0.1° 54.9+0.4 ™ 57.2+0.1° 53.5+0.3°

& Different letters in the same column represent a significant difference at 95% (p-

value < 0.05 - Tukey test) among the assays for each solvent and for each fungus.

The matrix that presented the highest inhibition percentage for both fungi
tested was the roots, with 70.1% and 67.8% inhibition for F. oxysporum and F.
verticillioides, respectively. These data are corroborated by the bioactivities
presented by the roots in terms of antioxidant power. Most likely the phytochemicals
extracted from this matrix were more concentrated while less numbers of interfering
compounds were present in the extracts, which enabled larger in vitro activity against
these two fungi. The inhibition percentage presented (Table 2) are in accordance
with the inhibition presented by extracts from other vegetal matrices, but with the
advantage of the L. albescens extracts being obtained by recent and promising
technologies, especially the supercritical technology. The residual of solvents is
practically null in the extracts, which permits a broader application of plants, including
those are consumed as a crude plant (lettuce, chard, tomato, carrot, chicory,

spinach, etc).
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For example, extracts obtained from roots, leaves, and flowers of Amaranthus
spinosus by low-pressure extraction with methanol and n-hexane presented efficacy
against spore germination of Phakopsora pachyrhizi. Furthermore, extracts obtained
from pomegranate peels by low-pressure extraction with butanol inhibited 69.2% of
growth of F. verticillioides.[33] Likewise, essential oil from Santolina
chamaecyparissus L. presented 68% inhibition of Trichophyton rubrum. [34]
However, residual of solvents can remain in the extracts (methanol, n-hexane,
butanol, etc.), which prevents its application in some cultures used in food-related
areas.

Regarding the statistical evaluation (Table 2), there were differences in the
inhibitions in most of the conditions. When testing the extracts against F. oxysporum
and F. verticillioides, no significant differences (p < 0.05) for each fungus (each row)
were observed for the extracts obtained from leaves and flowers by supercritical CO
and for the extracts obtained from leaves and stalks by compressed LPG. However,
in all the situations, the roots from the extracts were different from the other extracts.
The inhibition provided by these extracts was approximately 15-20% higher than that
provided by the others. The results are also linked with the remarkable content of
stigmasterol in the extracts obtained from the roots, which reached more than 50%
(mass basis) of the total composition of the extracts.[13]

The antifungal activity of L. albescens extracts is also presented in a
qualitative description. Taking into account the extracts from the roots presented
more quantity of stigmasterol than the other matrices did, the qualitative description
is presented for the extracts obtained from the roots (Fig. 2). When comparing the
first and seventh days of application of the extracts, the differences in the inhibition
are visible. The extracts could inhibit the growth of both fungi, reducing the size of the
fungal colonies during the time course. The reduction is observed for extracts
obtained by using both solvents (CO, or LPG), but with a few larger reduction for the

extracts obtained by LPG.
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Figure 2. Inhibition of roots extracts obtained from L. albescens against F.
oxysporum and F. verticillioides; A: Control; B: 1% day of application; C: CO, roots
extract after 7 days; D: LPG roots extract after 7 days; E: Control; F: 1% day of
application; G: CO; roots extract after 7 days; H: LPG roots extract after 7 days
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F. oxysporum and F. verticillioides are widespread fungi that attack several
cultures. Therefore, among other extracts that present antifungal activity against
them [16], extracts from L. albescens have been demonstrated to be another
alternative. The extracts from the roots, stalks, leaves, and flowers can be used.
Considering each specific purpose, the extracts can be used in different dilution
levels, which assure their use for different percentages of inhibition. In some cases,
dose dependence is displayed. For instance, diluted extracts from Rosmarinus
officinalis were evaluated to inhibit the growth of F. verticillioides. At a concentration
of 150 ug/ml, there was 17% inhibition, while at 300 ug/ml and 600 pg/ml, 29.7% and
67% inhibition, respectively, were reported.[35] Taking into account extracts from
Curcuma longa L., the in vitro antifungal activities (inhibition) against F. verticillioides
were 56.0% and 79.3% when applying the extracts at 17.9 ug/ml and 294.9 pg/ml,
respectively.[36] Overall, the inhibition reported against F. oxysporum and F.
verticillioides using natural extracts are similar to those reported in this work.

Therefore, different antifungal activities of L. albescens extracts against F.
oxysporum and F. verticillioides can be attributed to the different quantity of
compounds identified in the four matrices, such as stigmasterol, ergosterol, vitamin
E, methyl commate, pentadecanoic acid, eicosanol, octadecanoic acid,
neophytadiene, epiergostanol and tetracosanol.'® Despite the fact that different
antimicrobial natural compounds usually occur together within plant tissues, most
researches present only the antifungal activity of single molecules.[37] Nevertheless,
it should be pointed out that the toxicity of antimicrobial molecules can be enhanced
synergically when they work in combination.[38]

Stigmasterol and ergosterol are reported as compounds with antifungal effects
by Mbambo et al.[31], when tested as the control standards for fungi Aspergillus
flavus, Penicillium digitatum and Fusarium verticillioides, ergosterol presented greater
zone of inhibition, followed by stigmasterol and to extract compounds of B.
natalensis, this one has an antifungal potential, for the same fungi. Choi et al. [32]
evaluated the in vivo antifungal activity of crude extracts of Dipsacus asper roots
against phytopathogenic fungi Botrytis cinerea, Colletotrichum coccodes, Blumeria
graminis f. Sp. Hordei, Magnaporthe grisea, Phytophthora infestans, Puccinia
recondita and Rhizoctonia solani using an entire plant assay method. Among the
compounds isolated from the roots, campesterol, -sitosterol and stigmasterol were

emphasized and had positive effect for antifungal activity.



72

This work highlights at the first time the bioactivity of plant extracts from L.
albescens matrices, as antifungal and antioxidant activities. Consequently, further
studies should be performed for evaluating different concentrations for all L.
albescens matrices, determining the doses of extracts, assessing the toxicology of
plants, and evaluating extracts in terms of toxicity to the environment and human
health. In some cases, the antifungal and antioxidant activities can be combined with
an insecticide, anti-inflammatory, antimicrobial, and antibacterial activities through
synergistic or antagonistic interactions. Then, the compounds extracted from L.
albescens by supercritical CO, or compressed LPG can act in some directions within

the food and agricultural science in order to have a biological product.

4. Conclusion

Extracts obtained from roots, stalks, leaves, and flowers of L. albescens by
supercritical fluid extraction (SFE) with CO, and pressurized liquid extraction with
compressed LPG presented antioxidant and antifungal activities. The antioxidant
activity was expressed in terms of ICs,. Ascorbic acid, a control antioxidant
substance, presented ICso equal to 8.0 ug/ml, while the extract obtained from the
roots by SFE with CO; presented ICsg equal to 29.3 ug/ml as the highest antioxidant
power. Overall, the values of ICsy were slightly lower when the extracts obtained by
SFE with CO, were tested. Regarding the antifungal activity, the extracts from the
roots provided 70.1% and 67.8% inhibitions against F. oxysporum and F.
verticillioides, respectively, which indicates these extracts as useful agents to control

agricultural diseases caused by these phytopathogenic fungi.
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CAPITULO 5- CONSIDERACOES FINAIS
5.1 DISCUSSAO

Os principais resultados obtidos neste trabalho demostram que o extrato de
ambas as matrizes de L. albescens, associado ao rendimento mais elevado, ndo é
considerado sempre como melhor opcao de extracdo. Pois estes podem resultar em
diminuicdo da atividade biolégica (ou baixa composicdo de compostos bioativos)
significando que os compostos alvo ndo estdo sendo extraidos de forma eficiente
(CAPELETTO et al., 2016), com ressalvo para a extragcdo da raiz utilizando o GLP
como solvente e caule com o solvente CO,. Em relacdo ao rendimento, utilizando
GLP comprimido a matriz folha apresentou o maior rendimento, nas condicbes de
45°C e 35 bar, utilizando o CO, como solvente, obteve-se o maior rendimento na
matriz flor, na condicdo de 60°C e 250 bar. Da mesma forma para as matrizes raizes
e caules os maiores rendimentos foram na condicdo de 60°C e 250 bar,
respectivamente, utilizando CO, supercritico. Ao avaliar o mecanismo de
transferéncia de massa, especialmente o periodo da taxa de extracdo constante, as
taxas de transferéncia de massa foram aproximadamente 2 al4 vezes superiores
para o GLP do que para o CO; supercritico, além disso, tcgr foi menor para o GLP.

Quando comparadas as condicdes de extracdo em relagdo ao rendimento e a
composi¢do quimica, elas se apresentam de forma independente. Os resultados
mais promissores, em que se obteve compostos de importancia foram encontrados
nas condi¢cdes de 50°C e 200 bar e 25°C e 35 bar para CO, e GLP, respectivamente,
para as flores e folhas; para as raizes utilizando CO, foi a condi¢do 40°C e 150 bar e
GLP 45°C e 35 bar; ja para caules foi 60°C e 250 bar para CO, e 45°C e 35bar para
GLP. A extracdo tradicional Soxhlet apresentou rendimentos superiores quando
comparados com a EFS utilizando CO, e com GLP, porém estas técnicas possuem
vantagens quanto a composi¢do quimica dos extratos. A técnica Soxhlet apresentou
efeito negativo para extragcdo de compostos de interesse, extraindo maiores
porcentagens de ceras vegetativas, enquanto os dois métodos estudados (CO,
supercritico e GLP comprimido) foram eficientes para extracdo de compostos
bioativos, fornecendo mais de 50% de estigmasterol e 18% de ergosterol nos

extratos.
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A atividade antioxidante dos extratos foi realizada na condicdo ideal de
extragdo em relacdo a maior concentragdo de composto alvo encontrada na analise
cromatografica. O maior valor da atividade antioxidante foi observado na matriz de
raizes (29,25 a 32,94 pyg mL™ para CO, e GLP, respectivamente), enquanto a
atividade antioxidante mais baixa foi detectada na matriz de flores (189,66 a 192,96
ug mL™ para CO, e GLP, respectivamente). A atividade antifingica esta diretamente
correlacionada a estes resultados, pois a matriz raizes destacou-se com inibicdo de
70,12% para F. oxysporum e 67,76% para F. verticillioides, utilizando CO, como
solvente. Esta também apresentou porcentagem superior de compostos alvos,
contendo 50% em sua composicdo do composto estigmasterol, considerado um
fitoquimico com acédo anti-inflamatoéria e antioxidante (HAMDAN et al., 2011) e um
ICso de 29,25 e 32,94 ug mL™ para CO, e GLP.

5.2 CONCLUSOES GERAIS

Com os resultados obtidos neste trabalho sobre extracdo e caracterizacao de
compostos bioativos de L. albescens utilizando fluidos supercriticos e/ou
pressurizados, foi possivel concluir que:

e Os métodos extrativos se diferenciam entre si nos rendimentos das
matrizes de L. albescens e os diferentes valores de pressdo e
temperatura testados no planejamento influenciaram de forma
diferenciada para cada solvente. Nas extracdes com CO, supercritico a
presséo e a temperatura apresentaram efeito positivo e negativo sobre
o rendimento global e as interacbes entre elas apresentam efeitos
positivos. Para o solvente GLP a presséo, temperatura e a interacao
entre as mesmas nao foram estatisticamente significativas (Anexo 1).
Quanto ao tempo de extragcdo para o GLP foi menor quando
comparado ao CO; supercritico, para ambas as matrizes. O modelo
utilizado para descrever as curvas de extragdo, representou
adequadamente os dados experimentais. Em geral, os resultados
proporcionaram contribuicdo relevante para a recuperacdo de
compostos de L. albescens.

e A variacdo dos meétodos extrativos (CO, supercritico e GLP

comprimido) comparados com a extragdo convencional Soxhlet
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influenciou consideravelmente para a identificagdo dos compostos.
Quando se analisa os resultados tomando como critério a qualidade do
extrato obtido, pode se observar que a extracao que utilizou CO, como
solvente foi a que apresentou melhor valor com relacdo a atividade
antioxidante e inibicao antifingica.

Todas as matrizes de L. albescens apresentaram atividade antifingica
para os dois fungos estudados: F. oxysporum e F. verticillioides.
Destaca-se a matriz raizes, a qual apresentou resultados positivos
tanto para composi¢ao quimica, atividade antioxidante e antifangica.
Finalmente pode-se concluir que as extragcdes utlizando CO;
supercritico e GLP comprimido podem ser boa alternativa em relacéo
aos métodos convencionais de extracdo. Os extratos de L. albescens
apresentaram resultados promissores para um fungicida botanico que
pode ser atil no controle de doencas agricolas causadas por F.

oxysporum e F. verticillioides.
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SUGESTOES PARA TRABALHOS FUTUROS

Estudar a extracdo utilizando juntamente um co-solvente, para observar se ha
aumento no rendimento e na quantidade de compostos de diferentes
polaridades a serem obtidos nas extracoes;

Avaliar a extracdo assistida por ultrassom utilizando solventes com diferentes
polaridades;

Avaliar a concentracao inibitdria minima para os fungos F. oxysporum e F.
verticillioides;

Testar os extratos em outros fungos de interesse agricola.
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Anexo A- Efeito para as variaveis, temperatura e Pressédo, estudadas nas matrizes Folhas, utilizando CO2 supercritico e GLP
comprimido, respectivamente.

(2)Presséo | 4.07385§ 1by2 3,091756

1by2 (1)Temperatura 2977363

(1)Temperatura 8631673 1 (2)Pressao 2,519793

p=,05 p=.05
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Anexo B- Efeito para as variaveis, temperatura e Pressdo, estudadas nas matrizes Flores, utilizando CO2 supercritico e GLP
comprimido, respectivamente.

(2)Pressao | ‘::. .

(1)Temperatura |

1by2 i :1'1 ‘ 1by2 1.8656994

(1)Temperatura |

(2)Pressdo -,120889

p=0.05 p=05



Anexo C- Efeito para as variaveis, temperatura e Presséo, estudadas nas matrizes Caules, utilizando CO2 supercritico e GLP

comprimido, respectivamente.

(2)Pressdo

1by2 |

(1)Temperatura

1,205609

2518187

p=,05

(1)Temperatura |

1by2 t

(2)Pressao

1,762669

-.050845

06721

p=.05
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Anexo D- Efeito para as variaveis, temperatura e Pressao, estudadas nas matrizes Raizes, utilizando CO2 supercritico e GLP
comprimido, respectivamente.

(2)Pressao 1691517 (2)Pressao 173115

1by2 7501729 1 1by2 - 1,346736

(1)Temperatura 3,096662 1 (1)Temperatura 1,333018

p=.05 p=.05



