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RESUMO

EXTRACAO DE COMPOSTOS FENOLICOS ASSISTIDA POR
ULTRASSOM E DETERMINACAO DE ACIDOS GRAXOS E
MINERAIS EM FOLHAS DE Olea europaea L.

As folhas de oliveira sdo um subproduto agricola gerado pela poda de oliveiras.
Recentemente, foi relatado que essas folhas apresentam elevados teores de compostos
fenolicos com atividade bioldgica, 0 que despertou o interesse tanto académico quanto
econdémico com relagdo ao aproveitamento das mesmas para a alimentacdo animal e humana.
Contudo, ha pouca informacdo sobre a presenca de outros compostos de interesse nutricional,
tais como acidos graxos e elementos minerais. Assim, este trabalho teve como objetivo
determinar o perfil de acidos graxos e elementos presentes em diferentes variedades de folhas
de oliveira cultivadas no sul do Brasil, assim como desenvolver um procedimento de extracdo
de compostos fenolicos com auxilio do ultrassom, utilizando um solvente de baixa toxicidade
(etanol 60% v/v, adicionado de écido citrico 1 g L™), e compara-lo com a extracdo por
metodologia tradicional de extracdo (maceracdo), visando sua futura aplicacdo em produtos
alimenticios. Para as variedades estudadas, Ascolano, Arbosana, Negrinha do Freixd,
Koroneiki e Grappolo as concentragdes de cinzas, proteinas, lipidios e carboidratos totais
variaram de 4,37% a 6,00%; 10,50% a 13,10%, 9,13% a 9,80% e 8,74% a 32,63%,
respectivamente. A variedade Arbosana apresentou a maior concentracdo de compostos
fendlicos totais quando se realizou uma extracéo seguida de re-extracdo por maceragdo (35,71
mg GAE g™), e a maior concentragdo de acidos graxos saturados (total de 37,26%, sendo 1,54
+ 0,04% acido miristico; 26,90 + 0,50% acido palmitico; 5,55 + 0,14% 4&cido estearico e 3,26
+ 0,13% acido araquidico). As variedades Ascolano, Koroneiki e Grappolo apresentaram as
maiores quantidades dos &cidos graxos considerados benéficos a satde (68,03%; 68,63% e
68,18% respectivamente, dados relativos ao somatorio dos acidos graxos oleico, linoleico e
linolénico). A variedade Ascolano apresentou de modo geral as maiores concentracdes da
maioria dos minerais determinados. Os elementos presentes em maior concentragdo nas cinco
variedades estudadas foram Al, Ca, Fe, K, Mg, P e S, mas os teores encontrados para Fe, Cu,
Zn Mn e Ca foram mais significativos com relacdo a ingestdo didria recomendada. Estes
resultados demonstram a importancia da constituicdo destas variedades que podem ser
utilizadas como suplementos na alimentacdo animal ou humana. Na extracdo dos compostos
fendlicos assistida por ultrassom utilizando a variedade Arbequina foram otimizados a
posicdo da sonda (1 e 3 cm), a temperatura de extracao (20 °C, 40 °C e 60 °C) e o tempo de
extragéo (0,5 - 20 min) utilizando 40% de amplitude e 20 kHz. Os resultados indicaram que a
utilizacdo de 20 °C, durante 20 min de extracdo levaram a uma recuperacdo de 75,33% dos
compostos fenélicos (20,50 + 0,26 mg GAE g*), quando comparado com o método
convencional de extragdo (maceracéo, 22 °C, 5 h , 27,32 + 0,90 mg GAE g™). A posicdo da
sonda ndo interferiu significativamente nos resultados e o principal efeito provocado pelo
ultrassom foi agitacdo. Assim, desenvolveu-se um método rapido e eficaz de extragdo,
confirmando os beneficios da utilizagdo de ultrassom na obtencdo de extratos a partir de
fontes naturais.

Palavras-chave: Folhas de oliveira. Acidos graxos. Minerais. Compostos fen6licos.
Ultrassom.



ABSTRACT

ULTRASOUND ASSISTED EXTRACTION OF PHENOLIC
COMPOUNDS AND DETERMINATION OF FATTY ACID AND
MINERALS IN Olea europaea L.

LEAVES

Olive leaves are an agricultural by-product generated by the pruning of trees. Recently, it was
reported that these leaves have high levels of phenolic compounds with biological activity,
which increase the interest of both academic and economic exploitation in relation to the their
use for feed and food. However, few information is available regarding to the presence of
other nutritional compounds, such as fatty acids and mineral elements. Thus, this study aimed
to determine the fatty acids profile and also different elements present in different varieties of
olive leaves grown in southern Brazil, as well as develop a procedure for extraction of
phenolic compounds with the aid of ultrasound, using a low-toxicity solvent (ethanol 60 %
vlv, with 1 g L™citric acid), and compare it with the traditional extraction method of
extraction (maceration) to its future application in food products. For varieties studied,
Ascolano, Arbosana, Negrinha do Freixd, Koroneiki and Grappolo concentrations of ash,
protein, lipid and total carbohydrates levels ranged from 4.37% to 6.00%, 10.50% to 13.10%,
9 13% to 9.80% and 8.74% to 32.63%, respectively. The variety Arbosana showed the highest
concentration of phenolic compounds when was carried out one extraction followed by re-
extraction by maceration (35.71 mg GAE g™), and the highest concentration of saturated fatty
acids (total of 37.26%, composed by 1.54 + 0.04% myristic acid, 26.90 + 0.50% palmitic acid,
555 = 0.14% stearic acid and 3.26 = 0.13% arachidic acid). The varieties Ascolano,
Koroneiki and Grappolo had the highest amounts of fatty acids considered beneficial to health
(68.03%, 68.63% and 68.18% respectively, data for the sum of fatty acids oleic, linoleic and
linolenic). The Ascolano variety showed generally higher concentrations of most minerals
determined. The elements present in highest concentration in the five varieties studied were
Al, Ca, Fe, K, Mg, P and S, but the levels found for Fe, Cu, Zn, Mn, and Ca were more
significant in relation to the recommended daily intake. All these results show the importance
of the formation of these varieties which can be used as supplements in the feed. In the
extraction of phenolics from Arbequina variety assisted by ultrasound were optimized the
position of the probe (1 and 3 cm), the extraction temperature (20 °C, 40 °C and 60 °C) and
the extraction time (0.5 - 20 min), using 40% amplitude and 20 kHz frequency. The results
showed that the use of 20 °C during 20 min for extraction lead to 75.33% of recovery of
phenolic compound (20.50 + 0.26 mg GAE g™*) when compared with the conventional method
of extraction (maceration, 22 °C, 5 h, 27.32 + 0.90 mg GAE g™). The position of the probe
did not significantly affect the results and the main effect caused by the ultrasound was
stirring. Thus, we developed a fast and effective method of extraction, confirming the benefits
of using ultrasound to obtain extracts from natural sources.

Keywords: Olive leaves. Fatty acids. Minerals. Phenolic compounds. Ultrasound.
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1 INTRODUCAO

A oliveira (Olea europaea L.) é uma arvore frutifera classificada na familia boténica
Oleaceae, caracteristica da regido Mediterranea, utilizada para fins ornamentais, producéo de
azeitonas de mesa e também para a producdo do azeite de oliva (FARES et al., 2011; LALAS
et al.,, 2011). Seu cultivo se estende por regides de climas temperados e tropicais,
principalmente nos paises da costa do mar mediterraneo, onde se encontram
aproximadamente 90% dos 10 milhGes de hectares cultivados em todo o mundo (COUTINHO
et al., 2009a).

No Brasil, o cultivo das oliveiras teve inicio por volta de 1800 em diversas regides do
pais, apresentando olivais bastante produtivos nos arredores de Sdo Paulo. Esses olivais
acabaram sendo extintos durante o periodo colonial por ordem real, para evitar que 0s
produtos brasileiros viessem a competir com os portugueses (VILLA, OLIVEIRA, 2012).
Hoje existem aproximadamente 1,2 mil hectares de area cultivada com as oliveiras no Brasil
(EMBRAPA, 2012), distribuidas principalmente nas regides Sul e Sudeste que apresentam
microclimas favoraveis ao crescimento dessa cultivar (VILLA, OLIVEIRA, 2012).
Entretanto, o pais ainda é dependente das importac6es de azeitonas e de azeite de oliva, visto
que o Brasil ndo apresenta producdo comercial dos referidos produtos, o que reforca a
importancia do desenvolvimento da olivicultura (OLIVEIRA; ANTUNES; SCHUCH, 2006).

A importancia que o cultivo da oliveira representa para a economia pode ser observada
pela analise do consumo e do volume importado de seus produtos. Dados referentes aos anos
de 2009 e 2010 revelam um consumo mundial de azeite de oliva e de azeitonas equivalentes a
2.902.000 e 2.199.000 ton, respectivamente (CONSEJO OLEICOLA INTERNACIONAL,
2012). O Brasil € responsavel por grande parte desse consumo, ocupando a quarta e a quinta
posicdo entre os maiores importadores mundiais de azeitonas e de azeite de oliva,
respectivamente (COUTINHO et al., 2009a). Esses dados ressaltam a importancia econdmica
e social que os produtos da oliveira fornecem tanto para os paises produtores, quanto para 0s
importadores desses alimentos.

Além dos frutos e do azeite, as oliveiras produzem uma quantidade significativa de
residuo agricola através da poda das arvores (TROMBESI et al., 2012; XYNOS et al., 2012).

A finalidade principal da poda consiste em renovar ou restaurar parte ou totalidade da planta,
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dando formato adequado, e ocorre com frequéncia variada dependendo das necessidades do
pomar (COUTINHO et al., 2009b). Esse procedimento produz uma quantidade equivalente a
10% do peso total de azeitonas colhidas para a producdo do azeite de oliva (DELGADO et
al., 1998), o que também corresponde a cerca de 25 kg de folhas e ramos gerados por arvore
anualmente (MYLONAKI et al., 2008). Esses dados demonstram a necessidade de um melhor
aproveitamento dessa importante matéria-prima, visto que as folhas estdo disponiveis a um
baixo custo, sdo de facil obtencdo (LI et al.; 2011) e, assim como os frutos e o azeite,
apresentam um alto teor de compostos fendlicos (ERBAY e ICIER, 2010; SAHIN, SAMLI,
2013).

Os compostos fenolicos sdo substancias produzidas pelo metabolismo secundario das
plantas e se caracterizam por apresentarem um anel aromatico contendo um ou mais grupos
hidroxilicos, incluindo seus derivados funcionais (ANGELO; JORGE, 2007). Essas
substancias apresentam elevada capacidade de sequestrar radicais livres, agindo como
potentes antioxidantes (XYNOS et al., 2012). Os radicais livres sdo formados diariamente
pelo corpo humano, e sdo sequestrados por enzimas, como a catalase e a superdxido
dismutase, que agem como antioxidantes endégenos (DIMITRIOS, 2006). Quando essas
enzimas estdo em baixas concentracdes, os radicais livres reagem com moléculas de DNA,
proteinas e lipidios, ocasionando danos que estdo associados ao aumento da incidéncia de
doencas cardiovasculares, cancer e outras doencas cronicas (DIMITRIOS, 2006). Isso explica
0 estudo disseminado de produtos naturais, que objetivam extrair os compostos com atividade
antioxidante, adicionando-os na dieta da populacdo (DIMITRIOS, 2006).

Tendo em vista a necessidade de aproveitamento das folhas de oliveira, torna-se
importante estudar métodos adequados de extracdo de compostos fenolicos que permitam
efetuar o processo de maneira rapida, com bom rendimento e que evite a degradacdo dos
compostos ativos. As tecnicas tradicionais de extracdo solido-liquido, como maceracéo,
percolacdo e Soxhlet, utilizam calor e agitacdo com a finalidade de aumentar a eficiéncia da
extracdo, através da transferéncia de massa para o solvente extrator (ASPE e FERNANDEZ,
2011; AVILA, CAPOTE, CASTRO, 2007). Esses métodos geralmente empregam grande
quantidade de solventes, tempo e energia, contribuindo para a geracao de residuos e poluicéo
do meio ambiente (AVILA, CAPOTE, CASTRO, 2007). Por isso, varias alternativas tém sido
estudadas para tentar minimizar esses problemas, utilizando métodos de extracdo mais rapidos

e que utilizem solventes menos tdxicos ao ambiente e em menores quantidades (MUSTAFA e
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TURNER, 2011; RAMOS, 2012; RICARDEZ et al., 2011). A extracdo assistida por
ultrassom pode ser considerada um meétodo ndo convencional que vem demonstrando
eficiéncia na extracdo de compostos bioativos. Vantagens como menor consumo de reagentes
e tempos de extracdo sdo frequentemente observadas em comparacdo aos métodos
tradicionais (CHEMAT et al.; 2011; VILKHU et al.; 2008).

Além dos compostos fendlicos, existem outras substancias de interesse presentes nas
folhas, tais como elementos minerais, proteinas, carboidratos, e lipidios, mas poucos estudos
sdo encontrados na literatura, sendo que nenhum relata a composi¢do quimica das oliveiras
cultivadas no Brasil. Considerando que existem poucos estudos sobre as folhas de oliveira
cultivadas no Brasil, neste trabalho é proposta a avaliacdo da composicdo quimica (analise
centesimal, acidos graxos, elementos minerais e compostos fenolicos) de cinco variedades de
folhas de oliveira cultivadas na regido Sul. Além disso, é proposto um método de extracao de
compostos fendlicos presentes nas folhas de oliveira assistido por ultrassom, utilizando um

solvente de baixa toxicidade e tempo de extracdo reduzido.



2 REVISAO BIBLIOGRAFICA

2.1  OleaeuropaealL.

A oliveira € classificada como uma arvore de porte médio, que apresenta troncos
contorcidos e robustos, folhas persistentes, com aspecto lanceolado, e frutos pequenos, com
formatos que variam de elipsoidal a globosos (CRUZ et al., 2012). Algumas oliveiras
costumam viver durante centenas de anos, sendo a alta longevidade uma de suas
caracteristicas (DIEZ et al.; 2011). Isso se deve principalmente ao fato da oliveira ser muito
resistente a alteracdes de temperatura, adaptando-se bem em regides de verfes quentes e secos
e invernos frios e umidos (EPAMIG, 2002; VILLA, OLIVEIRA, 2012).

Em todo o mundo existem mais de 200 variedades de oliveiras, sendo que, muitas
vezes, variedades idénticas possuem nomes distintos dependendo da regido em que s&o
cultivadas (CABALLERO, 2012). No Brasil, as variedades que predominam sdo a Arbequina,
com 50% do plantio, Grappolo, com 20%, Maria da Fé com 10%, e outras variedades
ocupando 20% do plantio (p. ex., Arbosana, Koroneiki e Ascolano) (VILLA, OLIVEIRA,
2012). As variedades Koroneiki, Arbequina, Arbosana e Grappolo sdo destinadas a producao
de azeite de oliva devido ao alto rendimento de 6leo produzido pelos frutos (EMBRAPA,
2013; EPAMIG, 2002; OLISUL, 2013). A variedade Koroneiki é caracteristica da Grécia,
resistente a seca, mas suscetivel ao frio (BARRANCO, FERNANDEZ-ESCOBAR, RALLDO,
2008; OLISUL, 2013). A variedade Arbequina é caracteristica da Espanha, muito resistente
ao frio e tolerante & salinidade (BARRANCO, FERNANDEZ-ESCOBAR, RALLO, 2008;
EMBRAPA, 2013). A variedade Arbosana apresenta caracteristicas agronémicas similares a
cultivar Arbequina, com elevada produtividade de azeite (EMBRAPA, 2013). As variedades
Ascolano e Negrinha do Freix6 diferenciam-se das demais variedades apresentadas neste
estudo por serem destinadas a producdo de azeitonas de mesa, pois produzem quantidade
reduzida de 6leo (EMBRAPA, 2013; CONFAGRI, 2013), sendo a variedade Ascolano
caracteristica da Itélia, tolerante ao frio, porém exigente a solos alcalinos e bem drenados
(BARRANCO, FERNANDEZ-ESCOBAR, RALLO, 2008; EMBRAPA, 2013).
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As diferentes variedades de oliveira produzem frutos com caracteristicas peculiares,
com distintos tamanhos, sabores e composicdo. Algumas cultivares produzem frutos
destinados a producdo do azeite de oliva, que é obtido através da compressdo direta da
azeitona. Esse processo possibilita a transferéncia dos compostos presentes nas azeitonas
praticamente intactos para a fracdo oleosa, resultando assim em um produto rico em &cidos
graxos monoinsaturados, vitaminas e compostos fendlicos, além de manter o sabor e odor
caracteristicos do fruto (RIACHY et al., 2011). Além disso, o azeite de oliva proporciona
efeitos benéficos a salde, reduzindo os riscos do aparecimento de doencas cardiovasculares,
cancer e certos tipos de doencas cronicas (ERBAY; ICIER, 2009; MIRANDA et al., 2010;
PEREZ-JIMENEZ et al., 2005). A capacidade das oliveiras em sintetizar substancias
farmacologicamente ativas, encontradas tanto nos frutos quanto no azeite e folhas, tem sido
explorada ha muito tempo. Na antiguidade, j& se conhecia a capacidade das folhas de oliveira
em curar infec¢des bacterianas, viroticas e fungicas, quando eram utilizadas na forma de chas
(EL e KARAKAYA, 2009). Também se utilizava as folhas como emplastos para auxiliar a
cicatrizacao de ferimentos (PACETTA, 2012). Atualmente, tem sido relatado na literatura que
0s extratos das folhas de oliveira apresentam ac¢ao antioxidante, hipotensiva, hipoglicemiante,
hipouracémica, entre outras (BENAVENTE-GARCIA et al., 2000). Essas atividades estdo
relacionadas principalmente com o elevado teor de compostos fendlicos presentes nas folhas
(KIRITSAKIS et al., 2010).

Nas folhas de oliveira, os compostos fenélicos majoritarios sdo a oleuropeina e o seu
derivado, o hidroxitirosol (ERBAY, ICIER, 2010). Também sdo encontradas, em menores
concentracdes, outras substancias, como tirosol, &cido cafeico, acido p-cumarinico, acido
vanilico, vanilina, luteolina, rutina, verbascosideo, luteolina-7-glucosideo, apigenina-7-
glucosideo e diosmetina-7-glucosideo (TASIOULA-MARGARI, OLOGERI, 2001). Essas
substancias apresentam elevada capacidade de sequestrar radicais livres, agindo como
potentes antioxidantes, que poderiam ser utilizados em alimentos para prevenir a oxidacdo
(principalmente de lipidios), aumentando a vida-util dos produtos alimenticios (XYNOS et
al., 2012). Alguns pesquisadores ja utilizaram os compostos fenolicos presentes nas folhas
com esse objetivo, aplicando-os no azeite de oliva e enriquecendo ainda mais esse produto
(JAPON-LUJAN, CASTRO, 2008; ACHAT et al., 2012). Além da utilizagdo em produtos
alimenticios, as folhas de oliveira tém sido consideradas uma matéria-prima com potencial
utilizagdo na alimentacdo de animais (MOLINA-ALCAIDE, YANEZ-RUIZ, 2008),
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colaborando também para a melhora na qualidade da carne, como foi demonstrado por
Botsoglou et al. (2010) e Martins et al. (2009), que relataram que o uso de folhas de oliveira
na alimentacdo animal provocou a reducédo da oxidacéo lipidica da carne.

Além dos compostos fendlicos, existem outras substancias de interesse presentes nas
folhas de oliveira. Tsiplakou e Zervas (2008) estudaram a composic¢ao quimica das folhas de
oliveira cultivadas na Grécia, de variedade ndo especificada, encontrando os mesmo &cidos
graxos presentes no azeite de oliva, tais como os &cidos palmitico, oleico, linoleico,
palmitoleico, estearico, linolénico e araquidico. A presenca desses acidos graxos ressalta a
importancia da caracterizacdo das folhas de oliveira, sendo necessarios maiores estudos para
identificar o verdadeiro valor nutricional das mesmas. A concentracdo de Mn, Fe, Zn, Ca, Mg,
K e P presentes nas folhas de oliveira da variedade Koroneiki, cultivadas na Grécia, foi
analisada por Chatzistathis et al. (2010), que demonstraram ndo haver influéncia do tipo de
solo na variagdo da concentracdo desses nutrientes. Ferndndez-Escobar, Moreno e Garcia-
Creus (1999) estudaram o contetdo mineral presente nas folhas de oliveira da variedade
Picual, cultivadas na Espanha, e observaram uma variacdo na concentracdo de elementos
minerais em folhas jovens e folhas maduras. As folhas jovens possuiram um maior teor de N,
P, K, Zn e B, enquanto que as folhas maduras apresentaram maior concentragdo de Ca, Mg,
Mn, Cu e Fe. Cabe ressaltar que, apesar do crescente interesse nas folhas de oliveira, nenhum
estudo a respeito da caracterizacdo das folhas de oliveira cultivadas no Brasil foi encontrado

na literatura, o que ressalta a importancia desse trabalho.

2.2  Determinacéo de &cidos graxos em folhas de oliveira

A determinacdo da composicdo de acidos graxos presentes em uma amostra sélida
envolve, primeiramente, a extracdo da fracdo lipidica. Diferentes metodologias sdo propostas
com esse objetivo. Os metodos oficiais de extracdo descritos pela Association of Official
Analytical Chemists (AOAC) requerem de 4 a 14 h de extracdo, dependendo do tipo de
amostra analisada (METHEREL et al., 2009). A técnica mais amplamente utilizada consiste

na extracdo empregando sistema do tipo Soxhlet.
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A extracdo empregando sistemas do tipo Soxhlet consiste no aquecimento e
evaporacdo do solvente extrator depositado em um baldo de destilacdo, que condensa e entra
em contato com a amostra depositada no tubo extrator. A amostra normalmente fica envolvida
em um cartucho de papel filtro que evita que a mesma seja direcionada ao baldo de destilagéo.
Assim, somente o0 solvente e as substancias extraidas sdo transferidos para o baldo de
destilacdo, onde o processo recomeca até o esgotamento do analito (CASTRO, CAPOTE,
2010). Essa metodologia tem a vantagem de fornecer sempre solvente puro e ser uma
metodologia simples, que requer pouco treinamento. Além disso, o equipamento basico pode
ser obtido com custo relativamente baixo (CASTRO, CAPOTE, 2010). Como desvantagem
essa metodologia utiliza elevado volume de solvente extrator e emprega elevadas
temperaturas que podem ocasionar a degradacdo de substancias termolabeis (CASTRO,
CAPOTE, 2010).

Uma alternativa para evitar a degradacdo dos &cidos graxos consiste em utilizar
técnicas de extracdo a frio, como a metodologia descrita por Bhigh e Dyer (1959). Nessa
técnica, os lipidios sdo extraidos utilizando cloroférmio como solvente extrator, em um curto
intervalo de tempo (menos de uma hora) empregando menor volume de solvente. E
considerada mais eficaz que a extragcdo por Soxhlet devido a menor polaridade do solvente
empregado (cloroférmio) em relacdo aos solventes normalmente utilizados na extracdo por
Soxhlet (p. ex., éter de petrdleo, hexano). Apds a extracdo, o solvente é evaporado e 0s
lipidios extraidos sdo submetidos ao processo de metilagdo (HARTMAN, LAGO, 1973). Esse
processo consiste na transesterificacdo dos acilglicerois e a esterificacdo dos &cidos graxos
livres em ésteres metilicos de acidos graxos (FAMEs, do inglés Fatty Acid Methyl Esters)
(MILINSKI et al.; 2008). Posteriormente os FAMEs sdo separados e determinados por
cromatografia gasosa (GC), empregando detector de ionizacdo em chama (FID, do inglés
Flame lonization Detector) ou analisador de massas.

2.3  Determinagéo de elementos minerais em folhas de oliveira

A determinacdo de elementos presentes em folhas é importante tanto na area agricola

quanto na promocdo da saude humana, pois permite detectar deficiéncias nutricionais ou
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excessos que podem comprometer o crescimento e desenvolvimento da planta
(FERNANDEZ-HERNANDEZ et al., 2010), além de verificar o valor nutricional dos
alimentos (SAHAN, BASOGLU, GUCER, 2007).

Vérias técnicas analiticas podem ser empregadas para a determinagdo de elementos
minerais em amostras de folhas, tais como a espectrometria de absorcdo atdbmica, a
espectrometria de massa com plasma indutivamente acoplado (ICP-MS) (SAHAN,
BASOGLU, GUCER, 2007) e a espectrometria de emissao optica com plasma indutivamente
acoplado (ICP-OES) (Bl1ZZl et al., 2011). A ICP-OES é uma técnica multielementar que pode
ser empregada para determinacdo de varios elementos em diferentes tipos de amostra
(SOUZA, COTRIM, PIRES, 2013). A técnica consiste na emissdao de radiacdo
eletromagnética por atomos ou ions em elevadas temperaturas (superiores a 6000 K) atingidas
em um plasma, geralmente de argonio.

Contudo, previamente a determinacdo dos elementos, € necessaria uma etapa prévia de
preparo das amostras, que permite a conversdo das amostras sélidas em solucdes aquosas.
(SOUZA, COTRIM, PIRES, 2013). Nessa etapa, a decomposi¢cdo da matéria organica é
efetuada para evitar interferéncias na etapa de determinacdo (MESTER, STURGEON, 2003).
Em geral, a decomposicdo da amostra € efetuada empregando &cido nitrico como oxidante em
sistemas abertos ou fechados. Devido ao menor risco de perdas ou contaminacdo durante o
processo de digestdo, os sistemas fechados tém sido mais utilizados. Atualmente, a digestao
assistida por micro-ondas tem sido muito empregada com o objetivo de acelerar o processo de
oxidacdo da matéria organica e tem sido considerada como o estado da arte para digestdo de
amostras organicas (MESTER, STURGEON, 2003). Recentemente, foi demonstrado que a
utilizacdo de uma atmosfera pressurizada com oxigénio proporciona a utilizacdo de acidos
diluidos para digestdo de amostras botanicas (BIZZI et al., 2010, BIZZI et al., 2011). O
emprego de acido nitrico diluido também tem sido recomendado nas digestbes, pois permite
minimizar a geracao de residuos laboratoriais que antes eram formados com o uso de acidos
concentrados (BIZZI et al., 2011) e evita possiveis interferéncias causadas pela excessiva

acidez dos digeridos.
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2.4  Extracao de compostos fendlicos empregando procedimentos

convencionais

A extracdo dos compostos com propriedades farmacoldgicas é uma das etapas mais
criticas nas pesquisas com produtos naturais (XYNOS et al., 2012), pois sua eficiéncia
depende de varios parametros, como o tipo de amostra, tipo de analitos a serem extraidos,
localizagdo em que esses analitos se encontram na amostra (MUSTAFA, TURNER, 2011),
tipo de solvente extrator, (XYNOS et al., 2012), método de extragdo e temperatura de
extracdo (GALANAKIS et al., 2010), entre outros.

Para amostras sélidas, uma das primeiras etapas a serem realizadas é a transferéncia
dos analitos em estudo para a fase liquida, composta pelo solvente extrator adequado
(CASTRO, CAPOTE, 2010). Esse processo, também chamado de extracdo solido-liquido ou
lixiviacdo, € uma das metodologias mais antigas empregadas no preparo de amostras
(CASTRO; GARCIA-AYUSO, 1998; MILIC et al., 2013). A maceracdo € um exemplo de
extracdo solido-liquido muito utilizada para obtencdo de compostos fendlicos de fontes
vegetais. Esse procedimento emprega calor e/ou agitagcdo, para acelerar a dissolucdo dos
analitos no meio extrator. Contudo, apesar da simplicidade e baixo custo, uma baixa
eficiéncia é frequentemente observada, uma vez que o processo de extracdo &€ moroso,
variando de horas a dias para ser efetuado (CASTRO; GARCIA-AYUSO, 1998; CASTRO,
CAPOTE, 2010).

Diversos trabalhos tém sido propostos utilizando metodologias convencionais de
extracdo, ndo havendo uma técnica de referéncia de extracdo dos compostos presentes nas
folhas de oliveira. Na Tabela 1 estdo listados alguns trabalhos realizados com folhas de
oliveira, nos quais foram apresentadas as melhores condi¢cOes de extragdo dos compostos
fenolicos, com seus respectivos rendimentos.

E importante observar que o menor tempo utilizado para a extracdo dos compostos
fenolicos com as metodologias tradicionais foi de 3 h (LEE et al., 2009). Contudo até 24 h de
extracao tém sido utilizadas (KIRITSAKIS et al., 2010; ABAZA et al., 2011; ANSARI et al.,
2011; RAFIEE et al., 2011). Os solventes que apresentaram melhor eficiéncia nas extracoes
dos compostos fendlicos foram misturas hidroalcdolicas contendo metanol e etanol, sendo

esse Ultimo empregado em concentracfes que variaram de 50 a 80% (v/v). O etanol tem sido
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preferido ao metanol por ser considerado um solvente geralmente seguro (GRAS, do inglés
General Recognize as Safe), apresentando baixa toxicidade (RODRIGUES-ROJO et al.,
2012). As temperaturas empregadas variam desde a temperatura ambiente (20 °C) até 80 °C,
sendo que os rendimentos obtidos com as extra¢des dependem também da proporcéo entre a
amostra e solvente em que cada experimento foi realizado. Uma maior quantidade de
compostos fendlicos foi obtida no método proposto por Mylonaki et al. (2008), que efetuaram
a otimizacdo do processo de extracdo dos compostos fenolicos presentes nas folhas de oliveira
da variedade Koroneiki, cultivadas na Grécia. As melhores condig¢des encontradas foram
empregando etanol 60% (v/v) e pH 2, com uma propor¢do de amostra/solvente igual a 1:40 e
5 h de extracdo. A quantidade de compostos fendlicos obtida com a extracdo foi de 253,0 +
76,8 mg GAE g* de massa seca. Tendo em vista que o solvente extrator utilizado foi um
solvente de baixa toxicidade e que uma otimizacdo dos parametros de extracdo foi efetuada,
esta metodologia de extracdo convencional dos compostos fendlicos foi escolhida como

referéncia para a realizacdo deste trabalho.
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Tabela 1 Extracdo dos compostos fenolicos totais e oleuropeina de folhas de oliveira utilizando procedimentos convencionais de extracao

(maceracao).

Solvente Tempo (h) Tem;()oeé?tura Soﬂﬁﬁédtiigld;eir:ﬁ;tgg Concentracao Referéncias
Metanol (60%, v/v) 24 Ambiente 10 g; 200 mL 5,58 a 6,20 mg GAE kgt é'ﬁ'oT)SAK'S etal.
Metanol (80%, v/v) - - 2,509; 10 mL (3 extracdes)  11,70a40,10 g TAEkg”  SILVA et al. (2006)
Metanol (80%, v/v) 24 Ambiente  1g; 10 mL 24,09 mg GAE g* ABAZA et al. (2011)
Metanol i Ambiente 5 g; 100 mL 351,34 mg HE 100 g™ 'é%%'“"' etal.
Etanol (50%, v/v) 24 Ambiente  1g;50 mL 69,03 mg TAE g™ RAFIEE et al. (2011)
Etanol (60%, v/v) 5 Amii‘;”g (22 654 20mL 253,0 + 76,80 mg GAE g '(\é'(\)(o'é())NAK' etal.
Etanol (80%, V/v) 3 80 gi’ggge 52)500 mL (3 148 mg TAE g™ LEE et al. (2009)
Agua deionizada 4 60 50 g; 400 ml 13 mg oleuropeina g™ ANSARI et al. (2011)

TAE- equivalente de acido tanico; GAE- equivalente de &cido gélico; HE- equivalente de hidroxitirosol.
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2.5  Extracao de compostos fendlicos empregando procedimentos nao

convencionais

O desenvolvimento de procedimentos de extracdo que possibilitem a utilizacdo de
solventes menos agressivos ao meio ambiente e que sejam usados em menor quantidade tem
sido proposto como uma alternativa para o desenvolvimento da chamada “quimica verde”
(HERRERO et al., 2010; RODRIGUEZ-R0OJO et al., 2012). Para tanto, os procedimentos
convencionais vem sendo substituidos ou modificados de acordo com o surgimento de
procedimentos alternativos, tais como a extracdo assistida por micro-ondas (MAE) (JAPON-
LUJAN et al., 2006b), extracdo com fluido supercritico (SFE), extracdo com fluido
pressurizado (PLE) (HERRERO et al., 2010; XYNOS et al., 2012) e extracdo assistida por
ultrassom (US) (JAPON-LUJAN et al., 2006a).

A SFE e PLE sdo consideradas tecnologias “verdes” de extracdo, pois normalmente
empregam solventes como CO,, etanol e agua, classificados como “GRAS”. As metodologias
que empregam a PLE e a MAE séo capazes de diminuir os tempos de extracdo devido as altas
temperaturas, que diminuem a tenséo superficial e a viscosidade do solvente, o que acelera a
solubilizacdo dos analitos nessa fase. Consequentemente tem-se um aumento da eficiéncia da
extracdo (TAAMALLI et al., 2012). Ja a tecnologia que emprega a SFE tem como vantagens
a alta seletividade por analitos apolares, a automacéo do processo e a reducdo do volume de
residuos organicos gerados. Além disso, a técnica permite que mudancas operacionais sejam
realizadas durante as extracdes, facilitando a recuperacdo de compostos especificos (XYNOS
et al., 2012). A técnica empregando US tem a vantagem de diminuir os tempos de extracao
dos analitos principalmente devido aos efeitos fisicos e quimicos provocados pelo fenémeno
de cavitacdo, que acelera as reacfes (SORIA, VILLAMIEL, 2010).

Na Tabela 2 é mostrada uma descricdo de alguns pardmetros observados para 0s
procedimentos de extracdo ndo convencionais utilizados aplicados as folhas de oliveira, com
as condic¢des otimizadas pelos respectivos autores. Nela pode-se observar que 0 menor tempo
de extracdo utilizado foi de 6 min e o maior foi de 180 min. Quando se compara 0s tempos
das extracOes entre 0os procedimentos convencionais (Tabela 1) e ndo convencionais (Tabela
2), pode-se perceber que o tempo de extracdo de compostos fenolicos de folhas de oliveira €

reduzido quando os procedimentos alternativos séo utilizados.
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A maioria dos procedimentos propostos na Tabela 2 emprega misturas hidroalcodlicas
de metanol e etanol, variando entre 50% a 80% (v/v) para etanol. As temperaturas utilizadas
ficaram na faixa entre 25 °C a 150 °C, obtendo diferentes rendimentos de extracéo,
dependendo, também, da propor¢do entre amostra/solvente. Quando se analisam 0s
rendimentos obtidos com diferentes metodologias de extracdo de compostos fendlicos de
folhas de oliveira descritas por Taamalli et al. (2012) se percebe que a maior concentracdo
nos extratos foi obtida com o uso da PLE, utilizando etanol como solvente extrator, a 150 °C,

durante 20 min.
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Tabela 2 Extragdo de compostos fenolicos e de outras substancias presentes em folhas de oliveira utilizando procedimentos ndo convencionais de

extracao.

T de extraca T tura d Quantidade de Rendimento da
Procedimento Solvente €mpo (meii))( ragao] :QE:;;OU(E%) € amostra/volume total trach Referéncias
de solvente extragao
CO, (modificado 16,80 + 0,80 FOCH et al
SFE com 10% de 140 100 30 mg; 2 mL min™ ' CA?E Tl 1998 '
metanol) mg 9 (1998)
-1
US- banho Metanol 120 40 1g; 100 mL giﬁa%fAE kg™ do SKERGET et al. (2005)
(Oleuropeina) JAPON-LUJAN,
AHLE Etanol (70% v/v) 13 140 lg P B CASTRO
23,05 + 902 g kg (2006)
US- Sonda (20 ) )
kHz, 450 W, 0 _ " (Oleuropeina) JAPON-LUJAN et al.
Amplitude de Etanol (59% v/v) 25 40 Lg; 5 mlL min 22,61+ 0.63 g kg™ (2006a)
30%)
(Oleuropeina) - p
MAE Etanol (80% v/v) 8 - 1g: 8 mL 2,32+ 0.85% 22%%%{)\') el
US- sonda (20 (Compostos AVILA, CAPOTE,
kHz, 450 W, 50%  Etanol 20 45 Lg; 30 mL triterpénicos) CASTRO
de amplitude) 83 a 103% (2007)
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Tabela 2. Extracdo dos compostos fenolicos e de outras substancias presentes nas folhas de oliveira utilizando metodologias ndo convencionais
de extracdo (continuacao).

Procedimento

Solvente

Tempo de extracdo

Temperatura de

Quantidade de
amostra/volume

Rendimento da

Referéncias

(min) extragao (°C) total de solvente extragao
(Atividade antioxidante)
US- banho (30 kHz; 0 ) 16146 + 1116 pumol CARCEL et al.
600 W) Etanol (80% v/v) 180 60 20 g; 440 mL TROLOX L (2010)
MAE Etanol (50% v/v/) 15 - 1g; 50 mL 88,30 mg TAE g™ RAFIEE et al. (2011)
SEE CO, (modificado i 100 i (Oleuropeina) SAHIN et al.
com metanol) 14,26 mg g™ (2011)
Metanol (80% 15,20 a 16,70% (Compostos
MAE v/IV) 6 80 1,25g; 10 mL fendlicos totais) z-zg?zl\)ﬂALLl etal
5,80 a 9,70% (Compostos
SFE CO, + 6,6% PR . TAAMALLI et al.
etanol 60 40 1lg fendlicos totais) (2012)
7,50 a 11,20% (Compostos
PLE Agua 20 150 1g fendlicos totais) (T2A01A2'\)"ALL' etal.
14,80 a 22,40% (Compostos TAAMALLI et al.
PLE Etanol 20 150 19 fendlicos totais) (2012)
CO; (modificado 0
SFE e PLE com 5% de : 50 6g el gfggg’sm XYNOS et al. (2012)
etanol); agua
US- banho Etanol (50% v/v) 60 25 0,5g; 10 mL 25,06 mg GAE g™ SAHIN, SAMLI

(2013)
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MAE- Extracdo assistida por micro-ondas, SFE- Extracdo com fluido supercritico, PLE- Extracdo com liquido pressurizado, SHLE- Extracdo com liquido superaquecido, US-
Extracdo assistida por ultrassom, CAE- equivalente de acido caféico; GAE- equivalente de acido galico; TAE- equivalente de acido tanico; TROLOX (padrao 6-hidroxi-2, 5,
7,8-tetrametilcroman-2-acidon carboxilico
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2.6 Procedimentos de extragao assistidos por ultrassom

O ultrassom é uma onda mecéanica que se diferencia do som audivel pelos seres
humanos por apresentar frequéncias maiores que 20 kHz (CASTRO et al., 2011; CHEMAT et
al., 2011) e propaga-se em meios solidos, liquidos e gasosos (CASTRO, CAPOTE, 2007;
SERRADILLA, CAPOTE, CASTRO, 2007). Um dos fendmenos produzidos quando o
ultrassom propaga-se nos liquidos é o fendmeno de cavitacdo (ESCLAPEZ et al., 2011). A
cavitacdo ocasiona a formacdo de cavidades, para onde os gases dissolvidos no sistema
migram, formando microbolhas, que aumentam e diminuem de tamanho, gerando ciclos de
expansdo e compressao até que as bolhas implodem, liberando grande quantidade de calor e
exercendo elevadas pressdes proximas a regido da implosdo (CASTRO, CAPOTE, 2007,
CARCEL et al., 2012; VEILLET et al., 2010). A presenca de materiais solidos no sistema
provoca uma implosdo assimétrica das microbolhas, gerando jatos que colidem com as
superficies solidas e também ocasiona a circulacdo de liquidos, devido a turbuléncia gerada
(CASTRO, CAPOTE, 2007; SHIRSATH et al., 2012). Essas colisdes fazem com que células
vegetais sejam rompidas, facilitando a difusdo do solvente extrator para o interior da matriz
(CASTRO, CAPOTE, 2007). Somando-se a isso, o calor liberado pelas implosdes aumenta a
solubilidade dos analitos, favorecendo o aumento da eficiéncia da extracdo (VEILLET et al.,
2010). Assim, é possivel a0 mesmo tempo agitar a mistura e extrair 0S compostos em um
tempo muito mais curto que aqueles utilizados pelos métodos tradicionais de extracdo,
utilizando uma quantidade pequena de solventes (CHEMAT et al., 2011; VILKHU et al.,
2008).

Outro efeito que ocorre durante a cavitacdo é a formacdo de radicais, que podem
eventualmente reagir com os compostos de interesse presentes na amostra, ocasionando a
oxidacdo dos mesmos (SORIA, VILLAMIEL, 2010). Esses radicais sdo formados devido a
dissociacdo da molécula da dgua ou de outros gases que possam migrar para o interior da
bolha causada pelo calor e a alta pressdo produzida durante a implosédo das bolhas de
cavitacdo (CASTRO, CAPOTE, 2007).

Esses processos podem ser produzidos por diferentes equipamentos de ultrassom,
sendo 0s mais comumente utilizados o banho de ultrassom e a sonda ultrassénica (JERMAN

et al., 2010). O banho de ultrassom é um dispositivo relativamente simples, disposto na
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maioria dos laboratorios de quimica. Entretanto, com o passar do tempo, a energia
ultrassonica tende a perder a intensidade e a ser distribuida de maneira ndo uniforme, o que
interfere na repetitividade e reprodutibilidade dos resultados. Além disso, a posi¢do em que a
amostra é colocada no interior do recipiente e o tamanho do mesmo contribuem para a
variagdo dos resultados (CHEMAT et al., 2011). Por outro lado, a sonda ultrassénica tem a
vantagem de transmitir a energia em uma regido mais discreta, favorecendo os processos de
extracio (LUQUE-GARCIA, CASTRO, 2003; PRIEGO-CAPOTE, CASTRO, 2004). Devido
a sonicacao direta, € conveniente resfriar o sistema de extracdo, pois a absorcdo da energia
ultrassdnica gera um aumento de temperatura (SHIRSATH et al.; 2012), o que pode resultar
na degradacdo de substancias termolabeis.

Assim como a temperatura de extracdo, outros parametros devem ser analisados
quando se utiliza o ultrassom. A frequéncia utilizada geralmente nos banhos de ultrassom
encontra-se entre 20 a 40 kHz, intervalo proporcionado pela maioria dos equipamentos de
laboratério (CASTRO, CAPOTE, 2007). Baixas frequéncias como as de 20 kHz sdo eficazes
para a extracdo de compostos provenientes de fontes vegetais, sendo predominantes os efeitos
fisicos gerados pela cavitacdo (SHIRSATH et al.; 2012). As bolhas formadas em baixas
frequéncias sdo maiores que as formadas em altas frequéncias, e implodem de maneira mais
violenta, sendo consequentemente mais eficientes nos processos de extracdo (ESCALAPEZ et
al.,, 2011). A cavitacdo também pode ser influenciada por fatores como: intensidade da
sonicacgdo, presenca de gases, tamanho de particulas; pressdo externa aplicada; viscosidade,
tensdo superficial e pressdo de vapor do solvente, entre outros (CASTRO, CAPOTE, 2007;
CARCEL et al., 2012). Por isso, deve-se otimizar as condi¢des utilizadas nas reacfes de
extracdo assistidas por ultrassom, tendo-se o devido cuidado em observar a influéncia desses
fatores no rendimento final do processo.

Japon-Lujan et al. (2006a) foram os Unicos autores encontrados que efetuaram a
extracdo dos compostos fenolicos das folhas de oliveira utilizando sonda ultrassdnica. Através
de um sistema de fluxo continuo de solvente, eles obtiveram elevada concentracdo de
oleuropeina, equivalente a 22,61 + 0.63 g kg, durante 25 min de extragdo, em temperatura de
40 °C.

Como apenas um trabalho utilizando a sonda na extracdo dos compostos fendlicos
presentes nas folhas de oliveira foi encontrado na literatura, tomaram-se como base outros

estudos similares que fizeram uso de outras amostras ou da extracdo de outros compostos.
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Ricéardez et al. (2011) extrairam os compostos polares e apolares da Heterotheca inuloides
Cass, mais conhecida como arnica, e otimizaram parametros como amplitude, tempo de
extracdo, temperatura, posi¢do da sonda, proporcdo entre amostra/solvente, concentracdo de
solvente, entre outros. Outros autores que também avaliaram esses parametros foram
Serradilla et al. (2007), que extrairam a fracdo polar e apolar de amostras sélidas de plantas
(alperujo, sementes de uva e de Quercus ilex), e Auvila, Capote e Castro (2007), que
utilizaram a sonda ultrassénica para extrair os compostos triterpénicos das folhas de oliveira.
Esses autores demonstraram que tanto a variacao de amplitude (10% a 50%) quanto a posi¢do
em que a sonda era localizada no interior da amostra ndo afetaram na extracdo dos fendis.
Outros trés trabalhos que utilizaram o sistema de banho de ultrassom para extrair 0s
compostos fendlicos presentes nas folhas de oliveira, cujas melhores condicbes de extracao
estdo descritas na Tabela 2, foram realizados por Skerget et al. (2005), Cércel et al. (2010) e
Sahin, Samli (2013), sendo também utilizados como referéncia. A partir desse conhecimento
prévio, definiu-se como 40% a amplitude utilizada nos testes de extracdo de compostos
fenolicos, e avaliaram-se duas distancias em que a sonda foi colocada no interior da mistura
contendo amostra e solvente. As concentragdes e volume de solventes, bem como a proporcgéo
de amostra utilizada e o pH do solvente foram determinados de acordo com a metodologia
convencional de extracdo escolhida (MYLONAKI et al. 2008).
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Abstract
Fatty acids and several elements were determined in olive leaves cultivated in Southern

Brazil. For the varieties Ascolano, Arbosana, Negrinha do Freixd, Koroneiki and Grappolo
the concentrations of ashes, protein, lipid and total carbohydrates ranged from 4.37% to
6.00%; 10.50% to 13.10%, 9.13% to 9.80%; and 8.74% to 32.63 g%, respectively. The
Arbosana was the variety with the highest concentration of total phenolic compounds (35.71
mg GAE g™, and the higher concentration of saturated fatty acids (37.26%, represented by
1.54 + 0.04% of myristic acid; 26.90 + 0.50% of palmitic acid; 5.55 + 0.14% of stearic acid
and 3.26 = 0.13% of arachidic acid). The concentration of oleic acid was higher in varieties
Arbosana (21.50 = 0.80%), Koroneiki (20.80 + 0.30%) and Grappolo (21.40 + 0.10%) and all
varieties had similar concentrations of linoleic acid (between 6.84 + 0.18 and 8.26 + 0.29).
The elements present in higher concentration in the 5 varieties studied were Al, Ca, Fe, K,
Mg, P, and S. If 50 g of leaves were consumed, the amount of Fe consumed reaches the
recommended daily intake and for Cu the amount exceed the recommended value for all
varieties. All this results showed the importance of the constitution of these varieties that

could be used as supplements in food.

Keywords: Olea europaea L., PUFA, elements, phenolic compounds.
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1 Introduction

The Olea europaea is an evergreen tree cultivated around the world, especially in
Mediterranean countries, where the cultivation is carried out by more than 7000 years (Fares
et al., 2011; Lalas et al., 2011). The cultivation of olives covers ten million hectares of land
(Coutinho et al., 2009) and the data for the years 2009 and 2010 indicated a world
consumption of olive oil and olives equivalent to 2.902.000 and 2.199.000 ton, respectively
(Consejo Oleicola Internacional, 2012). Despite some regions of Brazil have the ideal
conditions for olive growing the production is insufficient and today the country imports the
majority of olive oil and olives commercialized in domestic market (Infobibos, 2010). Brazil
is among the ten countries with the highest consumption of olive oil and olives in the world
(Consejo Oleicola Internacional, 2012). In the last years, an effort has been performed by
Brazilian government in order to promote the production of olives, in special at the south of
Brazil. Currently, the area cultivated with olive trees in this region is close to 500 ha
(Embrapa, 2012).

In spite of great interest on the production of olives and olive oil from olive trees,
nowadays several interesting properties of olive leaves has been reported. These byproducts
of olive cultivation showed antioxidant potential (Benavente-Garcia et al., 2000); activity in
the treatment of type 2 diabetes (Boaz et al., 2011) and protection of the cells against the
oxidative damage caused by hydrogen peroxide without genotoxicity (Anter et al., 2011).
Poudyal et al. (2010) showed that rats fed with a diet reach in carbohydrates and lipids
supplemented with olive leaves extract attenuated cardiac, hepatic, and metabolic changes.
Botsoglou et al. (2010) and Martins et al. (2009) demonstrated that the use of leaves in animal
feed improve the meat quality, reducing the lipid oxidation. Olive leaves rich in oil allowed a

decrease of ruminal protozoa, and this could increase the efficiency of microbial protein
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synthesis in the rumen (Molina-Alcaide, Yanez-Ruiz, 2008). For lactating animals, olive
leaves feed resulted in an improvement in milk fat quality compared to diets based on
conventional forages (Molina-Alcaide, Yanez-Ruiz, 2008). Therefore, olive leaves could be
considered as an important raw-material that have potential to be used for animal feed
(Molina-Alcaide, Yanez-Ruiz, 2008), but they could be use also for improvement of human
health (Anter et al., 2011).

Several studies have been carried out to evaluate the antioxidant properties of olive
leaves due to their high content of phenolic compounds (Kiritsakis et al., 2010; Xynos et al.,
2012), in special oleuropein and its derivative (hydroxytyrosol), which are the substances in
higher amount in the leaves and directly related to biological effects (Erbay, Icier, 2010).
Despite the great interest in the phenolic coumponds in olive leaves, few works have been
performed to evaluate the presence of other compounds with biological activity in this
material, such as fatty acids. The olive oil is composed mainly by palmitic, oleic and linoleic
acids, and in minor amout by the palmitoleic, stearic, linolenic and arachidic acids (Manai-
Djebali, 2012) and several health benefits of olive oil consumption are related to these
substances (Miranda et al., 2010). Considering that these compounds are present in olives,
Tsiplakou and Zervas (2008) investigated their presence in olive leaves and found a similar
composition. These authors used the olive leaves as dietary ingredients for sheep and goats
feeding and observed an increase of cis-9 trans-11 conjugated linoleic acid (CLA) content in
milk of these animals. Therefore, the olive leaves could have other substances with potential
benefits to health in addition to phenolic compounds, but few studies have been carried out to
evaluate them. In this way, this study was proposed to evaluate the centesimal composition,
total lipids, fatty acids, total phenolics and minerals present in different varieties of olive

leaves grown in southern Brazil. Considering the importance that this new crop produced in
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southern Brazil, five varieties of Olea Europaea were studied and a principal component
analysis (PCA) was performed in order to evaluate the differences among the compounds

produced by each one.

2 Materials and methods

2.1 Chemical and standards

The following reagents were obtained from VETEC (Duque de Caxias, RJ, Brazil) in
analytical grade: citric acid monohydrate, chloroform, methanol, hexane, potassium
hydroxide, sodium carbonate, sulfuric acid, bromocresol green, methyl red and ethanol.
Butilhydroxytoluene (BHT) and anhydrous sodium sulfate were obtained from ECIBRA (Séo
Paulo, SP, Brazil). Gallic acid was purchased from Sigma (St. Louis, MO., U.S.A.); Folin
Ciocalteau reactive and potassium sulfate were obtained from Proquimius (Rio de Janeiro, RJ,
Brazil); copper sulphate from Belga quimica (Curitiba, PR, Brazil); sodium hydroxide from
Labsynth (Diadema, SP, Brazil); boric acid indicator from CAQ (Diadema, SP, Brazil), and
analytical-grade nitric acid was obtained from Merck (Darmstadt, Germany). Distilled-
deionized water (Milli-Q, 18.2MQcm, Millipore, Billerica, MA, USA) were used to prepare
samples and standards. Argon (99.996%, White Martins-Praxair, Sdo Paulo, SP, Brazil) was
used in ICP-OES determinations for plasma generation, nebulization, auxiliary gas. Oxygen
(99.9991%, White Martins-Praxair) was used as reagent in digestions performed under
oxygen pressure. For GC analysis, it was used hydrogen as the carrier gas. The standards used
for determination of fatty acids were those available in Mix 37 (SUPELCO, USA). Accuracy

of mineral determination was evaluated using a certified reference material (CRM) of trace
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elements in olive leaves (BCR 62) produced by Community Bureau of Reference (BCR,

Brussels, Belgium).

2.2 Plant material and sampling

Leaves of O. europaea varieties Ascolano, Arbosana, Negrinha do Freixd, Koroneiki
and Grappolo were harvest in Chapecé (Santa Catarina- Brazil; latitude -27 ° 05" 4" and
longitude 52 ° 37' 06") in the second week of February (summer) of 2012, from trees with six
years old. In order to obtain a uniform amount of leaves, the samples were collected from
several trees and from different parts in order to minimize the effect of sun exposure and
differences related to different maturation stages. The samples were dried using an oven with
air circulation at 45 £ 5 °C during 48 h. After, they were ground in vertical rotor mill
(Marconi, MA-340) and the powder was stored at - 20 °C, protected from direct light before

analysis.

2.3 Procedure for chemical composition evaluation

In order to evaluate the olive leaves, a basic chemical composition was carried out
according to the Association of Official Analytical Chemists (AOAC, 1995) in triplicates. The
samples were weighed in an analytical balance (model 250 A, max 250 g, 0.1 mg of
resolution, BEL, Brazil). Moisture content was measured by loss on drying in an oven with air
circulation at 105 °C up to constant weight (5 h). Ash content was determined in a muffle at
550 °C up to constant weight (7 h). The determination of protein content of olive leaves were
carried out by micro Kjeldhal method. Total carbohydrate content was estimated by

difference. The lipid extraction of olive leaves was performed by Bligh-Dyer method (1959)
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with some modifications. Around 3 g of of olive leaves powder were used and 8 mL of
chloroform (plus 0.02% BHT), 16 ml of methanol and 6.4 mL of distilled water were added.
After, the tubes were shaken on a shaker table (Aaker, Brazil) for 30 min. Then, it was added
more 8 mL of chloroform and 8 mL of 1.5% (w/v) sodium sulfate with stirring by 2 minutes.
Then, the tubes were centrifuged by 5 min at 3000 rpm. The samples were filtered with
qualitative filter paper containing 1 g of anhydrous sodium sulfate and 5 mL from the filtrate
were transferred to a beaker previously dried, and the chloroform was evaporated under a
laminar flow hood. The beakers were placed in an oven with air circulation at 105 °C for

evaporating the residual water and then the lipid residue was weighed.

2.4 Determination of total phenolic content

The extraction of the phenolic compounds was based on the procedure described by
Mylonaki et al. (2008), with some modifications. It was used 0.5 g of dried olive leaves
powder from the different varieties with addition of 20 mL of 60% (v/v) ethanolic solution
(with 1 g L citric acid). The extraction was performed by 5 h at 22 + 2 °C with magnetic
stirring (THELGA TMA 10C, MG, Brazil) and under protection of the light. The extracts
were after submitted for more one extraction in order to perform an exhaustive extraction of
phenolics. The extractions were carried out in triplicates.

Total phenolic content of leaves was determined according to the Folin—Ciocalteau
procedure reported by Singleton and Rossi (1965). Aliquots of 200 uL of extracts were
diluted in the ratio 1:40 and were transferred to test tubes with the extraction solution, and
were promptly added by 1000 pL of Folin-Ciocalteau solution diluted in the ratio 1:10. The
tubes were stirred and allowed to stand for 8 min. Then, 800 pL of 7.5% (w/v) sodium

carbonate solution was added. After stirring and stand for 2 h, the absorbance was read at 765
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nm using a spectrophotometer (JENWAY UV- 6300 Jenway, UK) calibrated with reference
solutions of gallic acid. The total phenol content was expressed as gallic acid equivalents in

milligrams per gram of dried sample (mg GAE g™).

2.5 Determination of fatty acids

For the determination of fatty acids, the lipid extracted by the method of Bligh-Dyer
was esterified using the procedure suggested by Hartman and Lago (1973) with some
modifications, using KOH solution (0.4 mol L) and sulfuric acid (1 mol L) in methanol.
The methyl esters of fatty acids were dissolved in hexane and were determined using a gas
chromatography (GC, model Varian Star 3400 CX®) coupled a flame ionization detector
(FID) with a capillary column model ZBFFAP (60 m x 0.25 mm x 0.25 mm). The sample
volume injected into the GC was 1 pL. A column with temperature program which began at
50 °C and remaining for 1 minute at this temperature was used for separation of fatty acids.
After, an increasing at a rate of 40 °C.min™ was carried out to 180 °C and then to 220 °C with
a gradient of 1 °C min™, and increased to 230 °C, rising at a rate of 20 °C min™, remaining in
isothermal conditions for 2 minutes. The total running time was 46.75 min. The carrier gas
used was hydrogen at a pressure of 40 psi with an initial flow rate of 3 mL min™ and split

ratio of 1:50.

2.6 Determination of mineral content
The determination of mineral content was evaluated according the method proposed
by Bizzi et al. (2011). A microwave oven (Multiwave 3000 microwave sample preparation

system, Anton Paar, Graz, Austria) equipped with eight high-pressure quartz vessels was used
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in the experiments. Analytes were determined by ICP-OES using an axial view configuration
spectrometer (Spectro Ciros CCD, Spectro Analytical Instruments, Kleve, Germany).
Nebulization was performed through a cross-flow nebulizer coupled to a Scott double pass
type nebulization chamber. The plasma, auxiliary and nebulizer gas flow rates were 14.0, 1.0
and 0.85 L min™, respectively. The radiofrequency power of 1600 W was used and the
following wavelengths (in nm; | for atomic and Il for ionic lines) were chosen: Al (308.215,
1), Ba (233.527, 1), Ca (396.847, 1), Cd (214.438, 1I), Co (238.892, 11), Cr (267.316, 11), Cu
(324.752, 1), Fe (239.562, 11), K (766.490, 1), Mg (285.213, 1), Mn (257.610, 11), Na (589.592,
), Ni (231.604, 11), P (214.914, 1), S (180.669, 1), Sh (206.833, 1), Se (196.026, 1), Sr
(421.552, 1), V (290.880, II) and Zn (206.200, II). They were used as recommended by the

instrument manufacturer (Spectro Ciros, 2003).

2.7 Statistical analysis

All experimental results were performed in triplicate and the data were expressed as mean
+ standard deviation. The statistical analysis was performed using analysis of variance
(ANOVA) and significant differences among means were determined by Tukey test at p<0.05
by Statistica software (StatSoft Inc, 7.0, Tulsa OK, USA, 2004). Principal component analysis

(PCA) was performed by Pirouette 3.11 statistical analysis software.

3 Results and discussion

The Grappolo and Koroneiki varieties presented the highest protein content (13.08 *

0.15% and 12.50 £ 0.20%, respectively) when they are compared with the other ones, as can
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be seen in Table 1. The Grappolo variety showed the highest amount of carbohydrates and
the lowest moisture, while the Negrinha do Freix0 variety presented the highest moisture
values and the lowest content of carbohydrates. This can be observed in PCA (Figure 1) with
varieties in the opposite sides of the axis, representing an inverse relationship between
carbohydrate and moisture of each variety.
Table 1
Figure 1

The total concentration of phenolics extracted in the first extraction and re-extractions
for varieties Koroneiki, Grappolo, Ascolano, Negrinha do Freixé and Arbosana were: 27.37;
27.60; 30.76; 31.93 and 35.71 mg GAE g™, respectively. The Arbosana was the variety with
the highest concentration of total phenolics, and this result was statistically different from all
the others varieties when only one extraction was performed (28.82 + 0.78 mg GAE g™) and
when more one extraction was performed (6.90 + 0.53 mg GAE g*). These results are
confirmed by the analysis of PCA that presented the greatest correlation between phenolic
compounds and Arbosana variety (Figure 2). When one extraction was performed for others
varieties, the concentration of phenolics were 21.59 + 0.70; 22.19 + 0.87; 25.25 + 0.65 and
26.18 + 0.44 mg GAE g for Grappolo, Koroneiki, Ascolano and Negrinha do Freix
respectively. The values for re-extractions to same varieties were 6.01 + 0.12; 5.18 + 0.26;
5.51 + 0.07 and 5.75 + 0.36 mg GAE g™, respectively. One similar study was performed by
Abaza et al. (2011). They extracted the phenolic compounds from olive leaves of Chétoui
variety using 1 g of sample, 10 mL of 70% ethanol (v/v) and 24 h of extraction. They found a
total phenolic content (24.36 + 0.85 mg GAE g™) similar than that found in the present work
for the variety Ascolano, when one extraction was performed.

Figure 2
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For total lipids all varieties showed values that did not differ statistically and ranged
from 9.13 + 0.14% to 9.80 + 0.24%. The Arbosana variety showed the highest value (9.80 +
0.24%) and was positioned in a different position in PCA, which correlates the variety with
the higher lipid content (Figure 2). Boudhrioua et al. (2009) analyzed the chemical
composition of olive leaves from varieties Chemlali, Chetoui, Chemchali and Zarrazi,
cultivated in Tunisia, and found a protein and lipid values lower than those found in this study
(ranging from 5.50 + 0.15 to 7.61 + 0.27%; and 1.05 = 0.11 to 1.30 * 0.18%, respectively).
Erbay and Icier (2009) analyzed the composition of olive leaves from variety Memecik,
cultivated in Turkey, and also found a value smaller than the value found in this study for
protein (5.45 £ 0.22%) and total lipids (6.54 £ 0.27%). Martin Garcia et al. (2003) determined
the protein and lipids content of olive leaves in Spain, which were used to feed goats and
sheep and found 7.0% and 3.21% for protein and lipids, respectively. These results
demonstrated that the concentration of total lipid content of varieties cultivated in southern
Brazil was higher than other varieties cultivated in other regions of the world. These findings
could be considered important in special if essential fatty acids are present. In this way, the
main fatty acid composition of olive leaves of different varieties was determined (Table 2 and
Figure 3).

The results showed that the variety Arbosana had the lowest concentration of
polyunsaturated fatty acids, and the results for others varieties did not differ statistically. This
variety also showed the higher concentration of saturated fatty acids. These results are in
agreement with those showed in the PCA analysis (Figure 2) which demonstrated a
correlation between saturated fatty acids and Arbosana variety, and also a lower content of
C18:3n:3 in this cultivar. The concentration of monounsaturated fatty acids was higher in

varieties Arbosana, Koroneiki and Grappolo, which the results did not differ statistically.
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Nevertheless, Arbosana showed the highest value of fatty acids monounsaturated (21.46%),
with a correlation between the same variety with the fatty acid C18:1n:9 (Figure 1).
Tsiplakou and Zervas (2008) studied olive leaves (the variety was not informed) and found
the following values of fatty acids: C14:0 (2.1 £ 0.1%), C16:0 (21.0 £ 0.51%), C18:0 (2.4
0.06%) and C18:1 (12.8 £+ 0.36%), whose concentrations were lower than those found in this
study for all the varieties, except for myristic acid, that concentration was higher; C18:2n:6¢
(13.1 + 0.79%) representing a content greater than the varieties analyzed, and C18:3n:3 (37.0
+ 0.66%), that is in agreement with the results found in this work (results between 34.39 +
1.11 and 41.27 + 2.35%). These fatty acids are the same found in the olive oil, which have
been related with several benefits to the health, like the low incidence of cardiovascular
diseases in mediterranean people, that have a traditional diet based in abundant presence of
olive oil (Canela and Gonzéalez, 2011). The benefits of olive oil is based on your fatty acids
and other minor compounds, like the phenolics (Manai-Djebali, 2012). In this way, the olive
leaves could be considered as a potential source of fatty acids.
Table 2
Figure 3

The results of mineral content of olive leaves studied are shown in Table 3. Results
obtained for Al, Cu, Mn and Zn in CRM presented good agreement (better than 92%) without
difference among the certified and found values (Student's t test, p<0.05). In general, the
elements present in higher concentration in the five varieties studied were: Al, Ca, Fe, K, Mg,
P, and S, which are directly correlated with the ash content of samples observed in PCA
analysis (Figure 2). This is expected due to the complete oxidation of organic substances in
temperatures above 500 °C, leaving in the ash the oxides of these elements.

Table 3
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The olive leaves representing an important group of feed resources for ruminants in
the Mediterranean areas, and the potential toxic effect of feeding with olive leaves is not yet
know (Molina-Alcaide and Yanez-Ruiz, 2008). For human consumption no data were found
and the results were evaluated for each element considering the dietary intake of 50 g of dried
olive leaves per day (Table 4). All varieties showed high concentrations of Fe, when the
consumption of 50 g of varieties Arbosana and Ascolano cause an intake of 100% of the
recommended daily ingested of this mineral. For Cu, the ingestion of the same quantity of
leaves selecting any variety cause more than 100% of the recommended daily intake. These
results demonstrate the olive leaves could be a source of these minerals, but also of Ca, Mg,
Zn and Mn, which have intermediate concentrations. Importantly, even though the amount of
these elements is high, larger studies are needed to verify the bioavailability of these
elements, because some substances (eg. phytates) can prevent the absorption of the same
(Akwaowo, Ndon, Etuk, 2000; Sans-Panella et al. 2013).

Table 4

When analyzing the results of PCA, it can be observed that varieties have
characteristics that differ each other and they can be separated into two groups: one group
consisting by Arbosana, disposed on the left side of the shaft, and another group consisting of
the other varieties, disposed from the center to the right side of the shaft (Figure 2). This
division is due to higher concentrations of saturated fatty acids and phenolic compounds

present in varieties Arbosana relative to values found in other varieties.



4 Conclusions

These results demonstrated the importance of the constitution of the olive leaves varieties
that could be a resource of mineral, important fatty acids, and phenolic compounds,
contributing to the maintenance of appropriate levels of nutrients for the body or even for
animal feed. It is important that more studies be conducted in order to understand the
bioavailability of these nutrients when the olive leaves are used to supplement animal and
human feed. The varieties cultivated in Southern Brazil have a better composition than others
cultivated around the world and should be considered as a potential a source of fatty acids and
minerals. The variety Arbosana, through PCA analysis, showed the highest values of lipids,
phenolics and satured fatty acids, and the slightest values of (C18:3n:3. The Ascolano,
Koroneiki and Grappolo were the varieties with the highest concentration of the fatty acids
beneficial to health (respectively 68.03%; 68.63% and 68.18% of total monounsaturated and
polyunsaturated fatty acids) and Ascolano showed generally higher concentrations of most

minerals determinate.
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6 Appendices

Table 1 Chemical composition of different varieties of olive leaves. Values (%) are reported
as of dry mass, n=3.

L . ) .. Total
Varieties Moisture Ashes Protein Lipid
carbohydrates

Arbosana 59.33+0.03° 4.65+0.25° 10.50+0.50°  9.80+0.24" 16.70 + 0.40°

Ascolano 59.72 +0.04° 6.00+0.21* 11.80+0.20®8  9.75+0.50" 12.75 + 0.10°

Grappolo 39.30 £0.01° 4.37+0.05° 13.10+0.15*  9.64+0.20" 32.63 +0.30*

Koroneiki 61.91+0.035 4.85+0.01° 1250+0.20"®  9.19+0.25" 11.60 + 0.10°
Ne?:rr':i?(g 40 6480+003" 536+020° 12.00+030°  9.43+0.14° 8.74 + 0,53

Averages = standard deviation followed by capital in the same column, do not differ (p<0,05) by Tukey Test.



Table 2 Main fatty acids present in varieties of olive leaves evaluated.

Fatty Acids (%0)

C14:0 C16:0 C18:0 C18:1n:9c C18:2n:6¢c C18:3n:3c C20:0
Varieties

Myristic acid Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Arachidic acid
Arbosana 1.54 + 0.04% 26.90 + 0.50"F" 5.55 + 0.14"¢ 21.50 + 0.80"° 6.88 + 0.16"¢ 34.40 + 1.10% 3.26 £ 0.13"¢
Ascolano 0.85 + 0.05°' 24.60 + 0.80°P° 4.55 + 0.295% 19.90 +0.605¢ 6.84 + 0.18"¢ 41.30 + 2.30" 1.99 + 0.4280¢
Grappolo 0.77 +0.04" 25.70 + 0.105° 3.89 +0.13“ 21.40 +0.10"° 7.46 +0.14 39.30 + 0.10" 1.45 + 0.05°™
Koroneiki 1.36 + 0.11°¢ 23.00 + 1.00°° 4.68 +0.18%¢ 20.80 + 0.30°%° 7.55 + 1.89”° 40.30 + 1.50" 2.36+0.118%®
Negrinha 1.11 + 0.04° 27.50 + 0.40%° 4.60 + 0.22%° 19.80 + 0.50%° 8.26 + 0.29" 38.60 + 0.80™ 2.08 + 0.415¢
do Freix6

Averages * standard deviation followed by the same lowercase in the same line and the same capital letters in the same column, do not differ (p<0.05) by Tukey Test.
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Table 3 Elements determined in the olive leaves varieties studied. Values are reported as pug g™ of dry mass.

VARIETIES BCR 62
Element Arbosana Ascolano Grappolo Koroneiki dN(f?:rrIQizg Value found  Certified value

Al 292 + 33% 3282 227 + 25¢ 208 + 8%« 255 + 45% 433 + 14 450 + 20
Ba 8.12 +0.73° 17.2+0.1° 149+1.1° 7.35+0.41° 7.18 +0.53° - -

Ca 8125 + 18° 10985 + 6° 10848 + 239° 8235 + 167° 11212+ 713 - -

Cu 42.9+0.4% 32.1+0.1% 287 £2.9° 28.2+0.5° 45.1 + 5.4 452 +1.4 466 +1.8
Fe 307 + 29% 326 +1°% 237 + 13 231 + 3« 260 + 40% - -

K 14643 + 178° 18106 + 162° 16209 + 215" 16708 + 27°° 16804 + 717%™ - -
Mg 1221 + 30° 1930 + 70° 1908 + 99° 1173 +12° 1520 + 32° - -
Mn 28.1+0.6° 36.1+1.3° 242 £0.4° 17.6° 20.3 0.4 55.3+0.5 57.0+2.4
Na 26.7 0.3 278 +2.4° 16.8 £3.1¢ 145 +0.3¢ 19.4 +1.1% - -

P 3029 + 20° 1644 + 64° 2586 + 65° 2024 + 28° 1818 + 45¢ - -

S 2585 + 95° 2344 + 15 2310 + 133° 2325 + 572 1971 + 45° - -

Sr 14.5 +0.6° 224 +05° 18.2+1.0° 10.4 +0.7° 20.7 +1.0® - -

Zn 242 +1.5° 23.6 £ 0.6° 18.9+1.0° 19.0+0.8° 243 +1.0% 158 +0.1 16.0+0.7

Avarages * standard deviation followed by lowercase in the same line, do not differ (p<0.05) by Tukey Test.
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Table 4 Element content in 50 g of each variety of olive leaves and its relation with
recommended daily intake.

Recommended daily intake (%)

Element  Arbosana  Ascolano  Grappolo Koroneiki  Negrinha

Ca 40.63" 54.93% 54.24% 41.17° 56.06°
Fe 109.82% 116.43? 84.82% 82.68" 92.68%
Mg 23.50° 37.11° 36.69° 22.56° 29.23°
Zn 17.32% 16.86° 13.50° 13.57° 17.36°
P 21.64° 11.74° 18.47° 14.46° 12.99¢
Cu 236.30% 178.05™ 159.72° 156.38° 250.28°
Mn 61.08" 78.47% 52.72¢ 38.26° 44.24°
K 15.58° 19.26° 17.24° 17.77% 17.87%
Na 0.09% 0.09% 0.05° 0.05° 0.06"
S 0.05° 4.18 4.12% 4.15° 3.52°

The data were calculated according to the values in the recommended daily intake (RDI) of minerals for adults,
according to FAO/OMS (2001) and Institute of Medicine (1999-2011).
Mean * standard deviation followed by lowercase in the same line, do not differ (p<0.05) by Tukey Test.
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Figure 1 Graph of scores (samples, A) and weights (variables, B) of the first and thirth
principal components of PCA regarding to chemical composition of olive leaves samples.
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Averages + standard deviation followed by lowercase in the columns with the same color, do not differ (p<0.05)
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COMPARISON OF EXTRACTION OF PHENOLIC COMPOUNDS OF OLIVE

LEAVES (Olea europaea L.) ASSISTED BY ULTRASOUND AND BY MACERATION

Abstract

The olive leaves are an agricultural by-product rich in phenolic compounds, whose extraction
efficiency depends on the methodology employed. This study aimed to extract the phenolic
compounds present in olive leaves by ultrasound assisted extraction using a solvent of low
toxicity- ethanolic solution 60% (v/v), with citric acid 1 g L™, using 40% amplitude and 20
kHz frequency probe and compared it with a traditional method (maceration). It were
optimized the probe position (1 and 3 cm), temperature (20 °C, 40 °C and 60 °C) and time
extraction (0.5 - 20 min). The effect of sonication (20 °C, 40 °C, and 60 °C during 2.5 min)
was also analyzed. The results indicated that the use of olive leaves from Arbequina variety,
at 20 °C, during 20 min of extraction recovery of 75.33% of phenol compounds (20.50 + 0.26
mg GAE g), as compared to conventional method of extraction (maceration, 22 °C, 5 h;
recovery of 27.32 + 0.90 mg GAE g?). The probe position did not have significant
interference on the results and the effect of sonication was similar to the effect without the
sonication, suggesting that the ultrasound promotes mainly agitation and there was no

additive effect when compared to the traditional method.

Keywords: Olea europaea L., olive leaves, phenolic compounds, ultrasound assisted

extraction, maceration.



1 Introduction

The changing of food preference for more healthy food has led the industry to invest
in different products using natural compounds as an alternative to synthetic additives
substances that have been linked to damage to health and the appearance of certain kinds of
cancer [1, 2, 3, 4]. In the same way, there is today a trend to reuse the by-products generated
by the industry in order to avoid the excessive amount of waste and also to use them as a
source of substances with biological activity. An example of this is the olive leaves, which
have been studied due to their rich chemical composition [5]. The olive (Olea europaea L.) is
a characteristic Mediterranean tree, whose leaves are used during long years ago by local
people in the form of teas to cure certain viral, fungal and bacterial diseases [6]. The leaves
have a high content of phenolic compounds, which are the main substances responsible for
biological activities [6]. Among these compounds, oleuropein and its derivative,
hydroxytyrosol, are the substances present in the leaves with antioxidant activity ranging from
1% to 14% [7, 8]. Besides antioxidant activity, olive leaves extracts have shown other
pharmacological properties, such as neuroprotective action [9]; antiviral activity [10, 11];
hypoglycemic [7]; hypotensive activity [12]; cardioprotective [13], and analgesic properties
[14]. However, a challenge in the use of olive leaves is to find methods capable of extracting
the substances present in olive leaves effectively and in the shortest time possible [3].

The traditional methods of extraction such as maceration, percolation and Soxhlet use
a considerable amount of solvents, are time consuming and use a lot of energy [15, 16]. In
order to overcome these drawbacks, the ultrasound-assisted extraction (UAE) has been used
as an alternative to traditional methods to improve extraction [17], reducing the time of

processing and amount of solvent leading to higher efficiency [18, 19, 20].
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The heat generated by cavitation improves solubilization of substances, and the jets
can disrupt plant cells, allowing the entrance of the solvent into the matrix and increasing the
extraction efficiency [21]. The cavitation also causes turbulence and circulation in liquid
causing an increase in the rate of mass transfer [16]. Considering the effects generated by
ultrasound, some parameters must be analyzed before starting the extractions. The first is the
type of equipment being used. The two most commonly used devices in the application of
ultrasound are the bath and ultrasonic probe [21, 22]. The bath system is the most used in
research, but is considered less effective for extraction because the sound energy is not spread
evenly, which affects the repeatability and reproducibility of results [18, 21]. In contrast,
probe has the advantage of transmitting energy in a specific region, which creates higher
power, favoring the extraction processes [17, 18, 21]. Japén-Lujan et al. [8] were the only
authors analysed the extraction of phenolic compounds from olive leaves using ultrasonic
probe. Other studies have found that using ultrasound bath system to extract phenolic
compounds present in olive leaves were described by Skerget et al. [23], Céarcel et al. [24] and
Sahin, Samli [5].

In order to obtain the best extraction performance, some parameters should be
evaluated such as the time of irradiation amplitude, type of solvent and analyte to be
extracted, as well as the sample-solvent ratio, extraction temperature and the depth at which
the probe is positioned [25]. These parameters can affect the yield of the reactions, so it is
important to optimize the extraction conditions.

Considering the potentiality of olive leaves to improve health and the need to find an
appropriate method to extract their compounds, an extraction of phenolic compounds present
in olive leaves grown in southern Brazil is proposed using UAE and the results were

compared with traditional procedure of extraction. A high power probe was used and solvent
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with low toxicity was used. The time, temperature, depth of probe were evaluated and the

total content of phenolic compounds was determined.

2 Material and Methods

2.1 Chemical and standards

The following reagents were obtained from VETEC (Duque de Caxias, RJ, Brazil) in
analytical grade: citric acid monohydrate, sodium carbonate. Ethanol was obtained from Nova
Quimica do Sul (Porto Alegre, RS, Brazil). Gallic acid was purchased from Sigma (St. Louis,
MO., U.S.A)); Folin Ciocalteau Reactive was obtained from Proquimius (Rio de Janeiro, RJ,

Brazil). Distilled water was used to prepare samples and standards.

2.2 Plant material and sampling

Leaves of O. europaea L. variety Arbequina were harvest in Cacapava (Rio Grande do
Sul- Brazil; latitude -30 ° 30' 44" and longitude -53 ° 29' 29") in the first week of August
(winter) of 2011, from trees with four years old, and leaves of varieties Ascolano, Arbosana,
Negrinha do Freixd, Koroneiki and Grappolo were harvest in Chapecé (Santa Catarina-
Brazil; latitude -27 ° 05' 4" and longitude 52 ° 37' 06") in the second week of February
(summer) of 2012, from trees with six years old. In order to obtain a uniform amount of
leaves, the samples were collected from several trees and from different parts in order to
minimize the effect of sun exposure and differences related to different maturation stages. The
samples were dried using an oven with air circulation at 45 £ 5 °C during 48 h. After, they
were grounded in vertical rotor mill (Marconi, MA-340) and the powder was stored at - 20

°C, protected from direct light until further analysis.
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2.3 Conventional extraction method

For the purpose of comparison, the extraction was performed by sample agitation in
ethanolic solution as described by Mylonaki et al. [26], with some modifications. Sample of
olive leaves of variety Arbequina (0.5 g) was extracted with 20 mL of 60% (v/v) ethanolic
solution (with 1 g L citric acid) in room temperature (22 + 2 °C) with magnetic stirring
(THELGA TMA 10C (MG, Brazil)) during 5 hours, under protection of the light. After
extraction samples were filtered using a qualitative filter paper and stored at — 20 °C until the
analysis. The extractions were carried out in triplicates. Considering that solvent evaporation
could occur during extraction all extracts were filled after each extraction to the same final

volume with alcoholic solution.

2.4 Ultrasound-assisted extraction

For the experimental set up a 750 W, 20 kHz frequency ultrasonic probe was used
(Sonics and Materials Inc., USA, 13 mm in diameter, 245 mm of length). The olive leaves of
variety Arbequina (0.5 g) were placed in a stainless steel water-cooled reactor, containing 20
mL of 60% (v/v) ethanolic solution (with 1 g L*citric acid) and after sonicated using different
US parameters. Three main extraction parameters were examined in the following order:
probe position (1 and 3 cm immersed into the liquid), sonication time (between 0.5 and 20
min) and sonication temperature (20 °C, 40 °C and 60 °C). The efficiency was evaluated
based on one-step extraction by determination of total phenolic content. After extraction
samples were filtered and placed into PE centrifuge tube (50 mL, conical bottom), stored at —
20 °C, and protected from direct light further analysis. Samples were analyzed in triplicates

and recoveries were expressed as means plus standard deviation.
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After determination of optimal conditions for extraction of phenolic compounds from
Arbequina variety using ultrasound, the varieties Ascolano, Arbosana, Negrinha do Freixd,
Koroneiki and Grappolo were evaluated. In order to demonstrate the effect of sonication on
phenolic compounds extraction, tests were made using 20 °C, 40 °C and 60 °C, during 2.5

min, respectively, with and without ultrasound (with agitation), using Arbequina variety.

2.5 Determination of total phenolic content

Total phenolic content of leaves was determined according to the Folin-Ciocalteau
procedure reported by Singleton and Rossi [27]. Aliquots of 200 pL of extracts were diluted
in the ratio 1:40 and were transferred to test tubes with the extraction solution, and were
promptly added by 1000 pL of Folin-Ciocalteau solution diluted in the ratio 1:10. The tubes
were stirred and allowed to stand by 8 min. Then, 800 pL of 7.5% (w/v) sodium carbonate
solution was added. After stirring and stand for 2 h, the absorbance was read at 765 nm using
a spectrophotometer (JENWAY UV- 6300 Jenway, UK) calibrated with reference solutions of
gallic acid. The total phenol content was expressed as gallic acid equivalents in milligrams per

gram of dried sample (mg GAE g™).

2.6 Statistical analysis

All experimental results were performed in triplicate and the data were expressed as mean
+ standard deviation. The statistical analysis was performed using analysis of variance
(ANOVA) and significant differences among means were determined by Tukey test at p<0.05

by Statistica software (StatSoft Inc, 7.0, Tulsa OK, USA, 2004).



3 Results and Discussion

3.1 Extraction using conventional method

The extraction of phenolic compounds using a conventional method (maceration)
resulted in a concentration equivalent to 27.32 + 0.90 mg GAE g, extracted during 5 h, at 22
°C, with magnetic stirring. This concentration was considered as the highest phenol recovery

and was used for comparison with the results obtained with the proposed extraction method.

3.2 Ultrasound-assisted extraction

The influence of each parameter was evaluated separately, in univariate studies. The
amplitude used in all experiments was based in some studies found in the literature,
demonstrated that this parameter presented low influence on results [8, 28, 29]. Thus, the 40%
of amplitude was chosen for performing all tests, since this is the lowest value which allows a
uniform mixing and lowest sample projection. The highest phenolic compounds recovery
was considered as optimal and was further used for optimization of other parameters.

The probe position was evaluated using 20 °C and 5 min of extraction. The results are
showed in Figure 1, which demonstrates no statistical difference between the results obtained
with different probe place (1 or 3 cm from the top of surface). These results are in agreement
with those found by Japon-Lujan et al. [8] who study the extraction of biophenols from olive
leaves and also did not found differences between 0 to 4 cm of probe distance from the top of
surface. Considering these results, 1 cm of distance of probe from the top of the liquid was
used to carry out the following tests.

Figure 1
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Temperature and extractions time were also evaluated and the results are described in
Figure 2. When 20 °C was used, the statistical evaluation (ANOVA) suggested that phenol
extraction yields are similar between 7.5 and 20 min, and, in this minimum time, the
concentration of phenols was 18.12 + 0.05 mg GAE g™ and at 20 min of extraction the
concentration reach 20.50 + 0.26 mg GAE g*. At 40 °C, the maximum extraction was
obtained from 7.5 min (20.75 + 0.89 mg GAE g™). The extractions performed at 60 °C had a
maximum yield in 2.5 min (20.64 + 0.53 mg GAE g*). Although there was not statistical
difference between the results using 40 °C and 60 °C compared to the result at 20 °C, during
20 minutes of extraction applying ultrasonic probe, the temperature of 20 °C was considered
the best for extraction of phenolic compounds due to the possibility to work at room
temperature that facilitates handling and avoids excessive energy consumption which it is
necessary to maintain the system heated at higher temperatures. Moreover, the highest value
found with the lowest standard deviations in the extraction using 20 °C was obtained with 20
min, although it was no statistic difference between the results found from 7.5 min. In this
way, these conditions were used to extract phenolic compounds from other varieties,
Arbosana, Negrinha do Freix6, Ascolano, Koroneiki and Grappolo, obtaining the following
results: 21.80, 18.83; 18.15; 17.24 and 17.06 mg GAE g™, respectivelly. The highest
concentration was obtained from Arbosana variety that not differ from that found in the
Arbequina variety, at the same extraction conditions. Japon-Lujan et al. [8] found the
maximum recovery of 22.61 + 0.63 g kg™ + standard deviations of oleuropein, using a
mixture of ethanol-water (59:41 v/v), during 25 min of irradiation by ultrasonic probe
positioned 4 cm from the top of the liquid, applying 30% amplitude, at 40 °C, value similar to
those find in this study. Sahin and Samli [5] also studied the extraction of phenolic

compounds from olive leaves cultivated in Turkey using an ultrasound bath, at 25 °C, during
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25 min, with ethanolic solution 50% (v/v), obtained a phenolics compound concentration of
25.06 mg GAE g™. Skerget et al. [23] also extracted the phenolic compounds from olive
leaves with an ultrasonic bath at 40 °C, using pure methanol, during 120 min of sonication,
obtaining a yield of 144 g GAE kg™ of extract. This result is different of the result found in
our work, probably due the longer extraction time and the type of solvent, since it is know
that the more polar is the solvent, more effective is the phenols extraction [30], and with the
disadvantage that methanol is highly toxic.
Figure 2

When it was compared the UAE efficiency with maceration (considered 100%), the
extraction using Arbequina variety, at 20 °C, during 20 min has 75.3% of recovery. This
value was considered close to the conventional procedure, and to obtain 100% of recovery
probably it is necessary a re-extraction steps. The UAE is 15 times faster than the
conventional extraction method (5 h) could be an important tool in obtaining phenolic

compounds from plant sources [21, 22, 25, 29, and 32].

3.3 Effect of sonication

The effect of sonication on extraction was evaluated using the same conditions
previously described in UAE, with the difference that they were conducted without the aid of
sonication. The temperatures evaluated were 20 °C, 40 °C and 60 °C at 2.5 min, respectively.
The times were chosen because they were intermediate points, which reduce probable effects
of temperature and stirring contributing to the maximum extraction points. The results
indicate from Figure 3 showed no statistical difference between the results when there is

sonication and when there is no sonication. These results suggest that the effect of the
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ultrasound is due to the agitation caused by the same, and no additional effect was observed
when using the standard conditions in this study.

Figure 3

4 Conclusion

With this study it can be conclude that the olive leaves from Arbequina variety, grown
in southern Brazil, have a significant amount of phenolic compounds, obtained during 5 h of
extraction by maceration method. However, 75.33% of yield can be obtained by UAE
extraction, using Arbequina variety at 20 °C, during 20 minutes of sonication, proving the
efficiency of this device, caused mainly due to the stirring effect. The concentration of
phenolic compounds was similar to that extracted from Arbosana variety in this same
condition, demonstrating that these varieties cultivated in southern Brazil have considerable
antioxidant content. Therefore, the proposed procedure could be considered as an effective
and fast approach for phenol extraction using a solvent of low toxicity, contributing to
reduction of pollution and also enabling reuse of an agricultural byproduct. However, it is
suggested to carry out quantitative and qualitative studies about each type of phenolic
extracted to make sure what treatment was the best, with subsequent extract application in

food.
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4 DISCUSSAO

Através da andlise da composicdo centesimal das diferentes variedades cultivadas no
Sul do Brasil, pdde-se observar que as concentragfes de lipidios totais, cinzas e proteina
foram muito similares para todas as amostras, sendo que os valores foram superiores aos
encontrados em alguns trabalhos descritos na literatura (BOUDHRIOUA et al., 2009;
ERBAY, ICIER, 2009; MARTIN-GARCIA et al., 2003). J4 quando se analisou a
concentracdo de minerais, os resultados demonstraram variacao dependendo do elemento e da
variedade de oliveira analisada. Essa variagdo provavelmente pode ter ocorrido devido as
diferentes necessidades de nutrientes ou pela fisiologia diferente de cada variedade, pois
foram todas coletadas no mesmo local. Analisando do ponto de vista nutricional, as folhas de
oliveira podem ser consideradas como fontes de Fe, Cu, Ca, Mg, Zn e Mn (100%; 200%,
50%, 30%; 15% e 55%, respectivamente, da quantidade recomendada a ser ingerida
diariamente)

Outro dado importante que se pode observar através do primeiro artigo € a composicao
de acidos graxos presentes nas folhas de oliveira. Todas as variedades apresentaram maior
proporcao de acidos graxos poli-insaturados, sendo que o encontrado em maior concentracdo
foi o &cido linolénico, considerado como acido graxo essencial. Isso indica que as folhas de
oliveira podem ser um recurso de obtengdo dos mesmos.

Outras substancias estudadas que foram assunto discutido nos dois artigos sdo 0s
compostos fendlicos. Os resultados obtidos demonstram que, com 5 h de extracdo, as
concentracfes de fenolicos entre todas as cultivares (Ascolano, Arbosana, Negrinha do
Freixd, Koroneiki, Grappolo e Arbequina) variaram de 21,59 a 28,82 mg GAE g™, sendo o
valor minimo obtido com o extrato da variedade Grappolo, e 0 maximo encontrado na
variedade Arbosana. Esses resultados se mantiveram quando foram extraidos os compostos
fendlicos de todas as variedades com auxilio do utrassom (20 kHz, 20 °C, 20 min, sonda a 1
cm do topo da superficie), demonstrando a maior concentracao para a variedade Arbosana e a
menor para a variedade Grappolo. A variedade Arbequina também demonstrou altas
concentragfes de compostos fendlicos, ndo diferindo estatisticamente das concentracdes
encontradas na variedade Arbosana tanto para a extracdo com auxilio do ultrassom, quanto
para a extracdo por maceracdo. Se for analisada a concentracdo de compostos fenolicos

extraidos pelo método de maceracdo com base nas diferentes regides de cultivo (Chapecé e
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Cacapava) e estacGes do ano (verdo e inverno), a concentracdo de compostos fendlicos totais
ndo sofreu interferéncia desses parametros, visto que o resultado obtido com a variedade
colhida em Cacapava (total de 27,32 + 0,90 mg GAE g™) ficou entre os valores encontrados
nas cinco variedades colhidas em Chapecd. Esses resultados estdo de acordo com os obtidos
por Papoti e Tsimidou (2009), que avaliaram a influéncia dos parametros de amostragem,
como diferentes cultivares, idade das folhas e diferentes meses de colheita sobre a
concentracdo de compostos fenolicos presentes em folhas de oliveira. Os autores concluiram
que apesar de haver diferengas individuais na concentracdo dos fendis (como oleuropeina e
hidroxitirosol), essas concentracfes ndo influenciaram no valor total de fendlicos obtidos,
como também nao afetaram na atividade antioxidante dos extratos, sugerindo que as folhas de
oliveira sdo uma fonte robusta de fendlicos.

A utilizacdo do método de extracdo proposto no segundo artigo, utilizando o
ultrassom, com a sonda disposta a 1 cm do topo da superficie do liquido, com 20 mL de
solucéo alcodlica 60% (v/v) adicionada de écido citrico 1 g L™, a uma temperatura de 20 °C,
durante 20 min de extracdo, reduziu em 15 vezes 0 tempo necessario para a extracdo dos
compostos fendlicos presentes nas diferentes cultivares de oliveira, quando comparado com a
metodologia tradicional de extracdo (5 h). Além disso, 0 uso do ultrassom permitiu a
recuperacdo de 73,3% dos compostos fenolicos presentes nas folhas de oliveira, quando
comparado com a extracdo pelo método tradicional, valor esse que provavelmente poderia ser
aumentado se outra etapa de re-extracédo fosse realizada.

Por fim, a analise de PCA permitiu discriminar as folhas das variedades cultivadas em
Chapec6 em dois grupos: um composto pela variedade Arbosana, relacionada com os maiores
teores de compostos fenolicos e acidos graxos saturados, e outro composto pelas demais
variedades estudadas. Essa discriminagdo demonstra que a maior parte das variedades
cultivadas no Sul do Brasil apresenta a composicao quimica das folhas muito semelhante, e a

escolha entre uma e outra vai depender da finalidade que a folha serd empregada.



5 CONCLUSOES

e As cinco variedades de oliveira estudadas apresentam uma concentracao significativa
de lipidios, composto por acidos graxos mono e poli-insaturados, responsaveis em

proporcionar agdes benéficas & salde.

e A maior concentracdo de compostos fendlicos foi obtida com os extratos da variedade
Arbosana, por maceracdo, a qual também apresentou os maiores valores de lipidios,

fenois e acidos graxos saturados, € 0s menores valores do acido linolénico.

e A analise de PCA demonstrou uma separacdo das variedades em dois grupos com
caracteristicas distintas, devido ao teor de compostos fenolicos, &cidos graxos
saturados e lipidios, sendo um composto pela variedade Arbosana, e o outro pelas

outras quatro variedades (Ascolano, Negrinha do Freix0, Koroneiki e Grappolo).

e Foi desenvolvido um método de extracdo dos compostos fendlicos presentes nas
folhas de oliveira utilizando o ultrassom, aplicando-se 40% de amplitude, 20 kHz de
frequéncia, com a sonda disposta a 1 cm do topo da superficie do liquido, a 20 °C,
durante 20 min. O rendimento obtido foi igual a 75,33%, quando comparado como

método tradicional de extracdo, sendo 15 vezes mais rapido.

e O método proposto demonstrou-se eficaz e rapido na extracdo dos compostos
fenolicos, principalmente devido ao efeito de agitacdo que o ultrassom ocasiona, com

a vantagem de utilizar um solvente de baixa toxicidade.

e A realizacdo de estudos quantitativos e qualitativos a respeito de cada tipo de
composto fenolico extraido, assim como a aplicagdo subsequente dos extratos em

alimentos podem ser indicadas como fonte de pesquisa para futuros trabalhos.
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