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RESUMO

Dissertacao de Mestrado
Programa de Pos-Graduacdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

Brassica oleracea var. capitata: EXTRACAO,
CARACTERIZACAO QU,IMICA E ATIVIDAI;)E BIOLOGICA
DE METABOLITOS SECUNDARIOS

AUTORA: Valéria Dal Pra
ORIENTADOR: Marcelo Barcellos da Rosa
Data e local da defesa: Santa Maria, 22 de julh20d8.

O objetivo principal deste trabalho foi avaliar a atividasioxidante e antibacteriana de
extratos deBrassica oleraceaar. capitata obtidos a partir de extragdo supercritica e extracao por
ultrassom, além de caracteriza-los por cromatografia gasopéada a detector de massas. Para os
compostos bioativos apolares &eassica oleraceavar. capitatg utilizou-se extracdo com GO
supercritico e avaliou-se o potencial antioxidante dos extfaboam realizadas cinco extracdes para
investigar a influéncia da pressao (10 - 25 MPa) e temperatura (20 - 60°C) noergadimextracao,
na composi¢do quimica e na atividade antioxidante frente osisagaroxila, superoxido e hidroxila.
Obteve-se 0 maior rendimento de extracdo 0,47% a 60 °C e 25 MRar&¢terizacdo dos extratos
foi possivel a identificacdo de compostos como sulforafano enilmdrila. Todos os extratos
apresentaram atividade antioxidante para os trés radica&n prmaior atividade para todos os
radicais foi o extrato obtido a 60°C e 25 MPa. Para os compostdi/dsopolares, otimizou-se a
extracdo assistida por ultrassom. Os extratos obtidos nas ewlbondicdes de extracdo foram
submetidos a diferentes condi¢cdes de hidrélise, antes da $imacéiti nos ensaios bioldgicos.
Avaliou-se a atividade antioxidante, frente ao radical DReHeroxido e peroxila, além da atividade
antibacteriana, frenta S.aureuse E.coli. Tanto os extratos brutos quanto os hidrolisados, foram
caracterizados por cromatografia gasosa acoplada a detiectorassas. A melhor condicdo de
extracdo foi a 30°C e 60% (m/v) de etanol. Todos os extratoseapaeam atividade antioxidante
frente aos radicais DPPH, superdxido e peroxila, mas o uso deoexhidrolisados melhorou
consideravelmente a atividade antioxidante. Em relacdo &atevi antibacteriana, apenas uma
amostra, que foi submetida a condigéo de hidrolise alcalinaespoe acdo frenteacoli. Uma das
principais contribuicbes deste trabalho foi que a utilizacdexttecdo com COsupercritico, para
obtencdo de compostos bioativos Biessica oleraceavar. capitata, mostrou ser uma alternativa
promissora em relacéo aos métodos convencionais de extracdo, pois pextiticsm ele compostos
com interesse cientifico e industrial. Além disso, foi demonstgagoa hidrélise dos extratos pode
aumentar consideravelmente a atividade antioxidante de extedgesals em relagdo aos extratos
brutos.

Palavras-chave Brassica oleraceaar. capitata; CO, supercritico; Ultrassom; Atividade
antioxante; Atividade antibacteriana.
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The main objective of this work was to evaluate the antioxidad antibacterial activities of
extracts ofBrassica oleraceavar. capitatg obtained by supercritical GGand ultrasound-assisted
extractions, as well as to carry out the characterizaticihesfe extracts using gas chromatography
coupled with mass detector. For supercriticab,J®e extractions were performed to investigate the
influence of pressure (10-25 MPa) and temperature (20-60°C) onxtrext®mn yield, chemical
composition and antioxidant activity towards peroxyl, superoxide and hydiaigals. The highest
extraction yield was 0.47% at 60 °C and 25 MPa. In the characterization ofrdesewas possible to
identify compounds like sulforaphane and iberin nitrile. All ectsashowed antioxidant activity for
the three radicals, although the highest activity for allcaddiwas obtained using the extract obtained
at 60 °C and 25 MPa (run 2). For the ultrasound-assisted extraatienevaluated the effects of
solvent concentration and temperature. The extracts obtained aptihdzed extraction condition,
were subjected to different hydrolysis conditions before mid®alogical assays. It was evaluated the
antioxidant activity against DPPH, superoxide and peroxyl risgibasides the antibacterial activity
againstS. aureusand E. coli. Both crude and hydrolyzed extracts were characterized by gas
chromatography coupled with mass detector. The best condition fortextraas 30 ° C and 60% (w
Iv) of ethanol. All extracts showed antioxidant activity todgaDPPH, superoxide and peroxyl
radicals, but the use of hydrolyzed extracts improved consideralyahtioxidant activities.
Antibacterial activity was detected only in extracts hydaigsBrassica oleraceaar. capitata. The
main contributions of this work were that the use of superari@©, extraction to obtain bioactive
compounds fromBrassica oleraceavar. capitata showed a promising alternative to conventional
methods of extraction, since it allowed the extraction of compounidseoést in science and industry.
Besides, in this work was demonstrated that the hydrolyséxtoficts can increase the antioxidant
activity of plant extracts.

Keywords: Brassica oleraceaar. capitatg Supercritical CQ@extraction; Ultrasound-assisted
extraction; Antioxidant activity; Antibacterial activity.
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1 INTRODUCAO

Nas ultimas décadas, o crescente uso da fitoterapia como unza prétdica,
associada a busca intensa por produtos biotecnoldgicos vem atraitelonferesse em
diferentes setores, como na industria farmacéutica, cosmétaanelistria de alimentos. O
uso de plantas medicinais no Brasil é facilitado pela diversidaddantas de baixo custo
associado a terapéutica, e aliado a isso soma-se o incentivo doprsautes fitoterapicos
pelo sistema Unico de saude (SUS).

O estudo de atividades terapéuticas de extratos obtidosradpgrtantas medicinais é
gerado através de avancos cientificos envolvendo estudos quimicos,ofagicas e
toxicoldgicos. Esses produtos se apresentam de tal forma que atendem adatlesalsésicas
de saude em funcéo da facilidade de acesso, baixo custo e compatitibdacs tradicbes
populares (WAGNER, 2007).

Dentre as inUmeras espécies com grande interesse fargiagplée destacam as
espécies da familia Brassicaceae, em espedahssica oleraceaar. capitatg conhecida
popularmente como repolho branco, que antes de ser empregado como uno alienasddo
na medicina popular para o tratamento de dores de cabeca, gotda dianlceras pépticas
(SINGH et al., 2006)Brassica oleraceavem sendo amplamente estudada por apresentar
atividade antioxidante e possuir compostos que apresentam mecanisgdessntiexicacao,
que eliminam e estabilizam a producdo de substancias cancer(B&@OKS; PATON;
VIDANES, 2001; FARAG; MOTAAL, 2010). Estudos farmacoldgicos renelgue a
Brassica apresenta acdes como anti-inflamatéria, antimicotica, anti-higargca,
anticarcinogénica, antioxidante e antibacteriana (KATAYA; NHAA, 2007; LIN; LI;
HWANG, 2008; BAPJAI;, KANG; BAEK, 2012; JAISWAL; ABU-GHANNAM;GUPTA,
2012).

No entanto, a atividade biol6gica Beassicaesta diretamente relacionada ao método
de extracdo, uma vez que isso implica na seletividade de comestalelamente a extracédo
convencional (hidrodestilagdo, maceracdo e soxhéetgxtracdo supercritica (ESC) e a
extracao por ultrassom sdo métodos alternativos de extracdo. AeESganhado destaque,
sendo considerada como uma inovacdo tecnoldgica, pois utiliza fluidosraiqusrcomo
solventes e seu emprego em processos industriais vem ganhando espac@nsente,

principalmente devido aos fatores ambientais e de qualidade envolvidtssd8rde um
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processo livre de residuos toxicos, que ndo provoca a degradacda thomextratos e ndo
requer grandes gastos de energia, como ocorre em processogildeddesAlém disso,
proporciona uma melhor seletividade e eficiéncia ao processo e o0 solvente padénsente
removido no final da extracdo. Assim, o emprego de fluidos supercriiérossido
considerado uma Otima op¢do para a extracdo e fracionamento de prodturss,
particularmente para as industrias de alimentos e farmac(BEREIRA et al., 2004). Ja a
extracdo por ultrassom proporciona uma maior recuperacdo do analitdiza uma
quantidade de solvente inferior as demais analises, além de propouci@amelhor extracao
em um tempo mais curto (LUQUE DE CASTRO; PRIEGO-CAPOTE, 208i@m disso, é
versatil e pode ser utilizada tanto em pequenas quanto em grandles €BUBIE et al.,
2013).

A obtencéo e estudo de extratosBiassicausando métodos convencionais sao bem
reportados na literatura, porém conforme revisdo realizada h& scaasez de estudos
referente & obtencdo desses extratos por métodos alternativos, cotadasanteriormente.
Especificamente, sobre uso de ESC para obtencéo de compostos hiPatigwa e Meireles
(2010) descrevem estudos para uma grande diversidade de matérias-primas. Bdogamna
verificados, até o presente momento, trabalhos envolvendo ESC paracexieagompostos
bioativos deBrassica oleraceaar. capitata.Além disso, a extracdo de compostos bioativos
desta planta por ultrassom é pouco estudada. Consequentemente, o eshtitimadhe
biologica desses extratos obtidos por métodos ndo convencionais é tambémefaiado,
abrindo assim uma lacuna para sua exploracao.

A presente dissertacdo encontra-se organizada na forma de ariggoeicos.
Inicialmente é apresentada uma introdugcdo geral, revisdo dauliter objetivos gerais e
especificos. Bem como, um artigo de revisdo complementando aoreldshiteratura. A
seguir, sdo apresentados dois artigos cientificos referargessalltados experimentais desse
trabalho, além de uma secéo integrando a discussdo do mesmo. dhaea, filyapresentada a

conclusao geral da pesquisa realizada.
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2 OBJETIVOS

2.1 Objetivo Geral

O objetivo deste trabalho é avaliar a atividade antioxidantalmetgriana de extratos
deBrassica oleraceaar. capitata,obtidos a partir de extracdo com dioxido de carbong)CO
supercritico e extracdo assistida por ultrassom, além deter@ra-los por cromatografia

gasosa.

2.2 Objetivos Especificos

Para atender ao objetivo geral, fez-se necessario o cumprimento das segapas:

Otimizacéo da extracdo @rassica olerace&ar.capitatapor CQ supercritico;

Otimizacéo da extracdo @rassica olerace&ar.capitatapor ultrassom;

Selecdo da melhor condicdo de extracaBrdssica oleraceaar. capitatapor ultrassom e

submisséo a condic¢des de hidrdlise acida e alcalina dos mesmos;

Caracterizacdo dos compostos quimicos majoritarios dos extratBeaslEica oleracea
var. capitata, tanto obtidos por CQsupercritico quanto por ultrassom, via Cromatografia

Gasosa acoplada a detector de massas (CG-MS);

Investigacdo da atividade antirradicalar dos extratoBrdssica oleraceavar. capitata,
obtidos por C@ supercritico pelos métodas vitro do radical superéxido ¢3), radical
hidroxila (HOe), radical peroxila (ROOQe);
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Investigacdo da atividade antirradicalar dos extratos brutos exttasos hidrolisados de
Brassica oleraceavar. capitata, obtidos por ultrassom pelos métodosvitro do radical

superoéxido (@), radical peroxila (ROOe¢) e pelo método classico baseado naaajatur

radical DPPH;

Avaliacdo da atividade antibacteriana frent&taphylococcus aurewsEscherichia colide

todos os extratos;



18

3 REVISAO BIBLIOGRAFICA

3.1 Brassica

A familia Brassicaceae apresenta cerca de 400 géner@9® ekpécies. No Brasil
ocorrem 7 géneros e aproximadamente 50 espécies (SOUZA; LOREDOA). Através do
melhoramento genético sdo encontradas diversas variedades hwdigsutiom destaque para
B. oleraceavar. acephala(couve-manteigaB. oleraceavar. capitata(repolho),B. oleracea
var. gemmifera(couve-de-bruxelasB. oleraceavar. borytis (couve-flor) eB. oleraceavar.
italica (brécolis). Outras espécies de destaque sdo as mostBrdasida nigrae Sinapis
spp.), o rabaneteR@phanus sativyisa raiz-forte Armoracia rustican® o agrido Rorippa
nasturtium-aquaticuine a rucula Eruca sativa (SOUZA; LORENZI, 2005; PAULINO,
2008).

Algumas espécies sdo cultivadas como ornamentais, destacamdoeeolho-
ornamental B. oleraceavar. acephalg, o alisso obularia maritimg e o mussambeC{eome
hassleriand. Muitas Brassicaceae sdo invasoras de cultura, incluindo-sesaquostardas-
do-campo Brassica rapaRapistrum rugosura Sinapis arvengea bolsa-de-pastoCgapsella
bursa-pastori} o agrido-bravoGardamine bonariensjso mastruco@oronopus didymyso
menstruz I(epidiumspp.) e a nabicaR@phanus raphanistrun{SOUZA; LORENZI, 2005;
PAULINO, 2008).

A familia Brassicaceae tem sido muito estudada devido as gquadas
farmacoldgicas de seus principais metabdlitos, os glicosinolatloS) (&sses metabdlitos,
assim como os seus produtos de hidrdlise (isotiocianatos e ngétapptentes antioxidantes,
anticarcinogénicos e agentes antibacterianos (MARTON, et al.,.20E8%0 protetora dos
vegetais cruciferos também tem sido atribuida a presenca de stomm@mtioxidantes,
especialmente vitaminas incluindo &cido ascorbiggpcoferol e p-caroteno. Estudos
mostram que a maior parte da atividade antioxidante desses yquedai ser atribuida a
compostos fendlicos, como os flavondides, isoflavonas, flavonas, antocianiagsy@nas
(SINGH et al, 2006).



19

3.2 Brassica oleracea var. capitata

Brassica oleraceaar. capitatg conhecida popularmente como repolho (Figura 1), €
uma das hortalicas mais importantes cultivadas no mundo. Estelsgataado é cultivado
por sua estrutura grande e frondosa. Os diferentes tipos de cultn@@otteo mostram uma
grande variacdo no que diz respeito a tamanho, forma e cor das lielfmaspmo o tamanho,
cor, forma e textura da cabeca. Estudos mostram Guasaicasp. antes de ser empregada
como alimento, ja era utilizada na medicina popular, no tratameatoefdligias idiopaticas
(dores de cabeca de causas desconhecidas), dores reumaticas, tilespuscdo, anemia,
Ulceras pépticas, hemorrdidas, alcoolismo, gota e como cicatrizéBiNGH et al, 2006;
CARVALHO et al., 2008).

Muitas pesquisas tém se concentrado nos beneficios dos seus fiigiobest Entre
eles, os glicosinolatos (GLS), um dos maiores grupos de metals#itaadarios contendo
enxofre, que sdo encontrados principalmente em vegetais comestiges.cBspostos sao
armazenados nos vacuolos das células vegetais, porém apds daroecexmsicdo a
mirosinase, enzima encontrada nas plantas que contém GLS, sacdudoh isotiocianatos
e nitrila. Esses metabdlitos, assim como, 0s seus produtos de skidsdldo potentes
antioxidantes, anticarcinogénicos, anti-inflamatorios e agentésaeterianos (KATAYA,
HAMZA, 2007; MARTON et al., 2013).

Estudos sugerem que o sulforafano, GLS presente em vegetasica oferece
protecdo contra o desenvolvimento de tumores durante a fase de [@gstanice 0s
mecanismos envolvidos nos efeitos supressores do sulforano incluem parada dtutacle ce
inducéo de apoptose (GAMET-PAYRASTRE et al., 2000; PARNAUD; LI; CASSAR, 2004).

Embora a maioria das pesquisas aborde a obtencdo majoritafid 8asmBrassica
oleracea,compostos como vitamina C, vitamina [EEcaroteno e compostos fendlicos com
atividade antioxidante, tém sido detectados (SINGH et al., 2006; KORQS). Acidos
fendlicos, como ferdlico, p-cumarico, cafeico (LEE; BOYCE; BREADRE, 2011) e
triterpenos como lupeod, e p amirina tém sido encontrados na cera epicuticuldreasica
oleracea var. capitata e demonstraram efeito gastroprotetor e anti-inflamatério
(MARTENLAC; VOVK; SIMONOVSKA, 2007).
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Figura 1Brassica oleraceaar. capitata(repolho).

3.3 Métodos de Extracao

A extracdo tem por objetivo a separacdo de detewtas substéncias a partir de
diversas matrizes, sélidas ou liquidas, atravéprdeessos quimicos, fisicos ou mecanicos.
Dentre os métodos de extragdo ha os convencionamp soxhlet, hidrodestilacdo e
maceragado, que sao mais empregados na extracaongmstos, bem como extracdo por
ultrassom e extragdo por fluido supercritico, gii® sonsideradas alternativas aos métodos
convencionais de extracao (KELLNER et al., 200404).

A extracao supercritica (ESC) é um método alteraate extracdo, considerado como
uma inovacgao tecnoldgica, pois utiliza fluidos sagécos como solventes e seu emprego em
processos industriais vem ganhando espaco contentanprincipalmente devido aos fatores
ambientais e de qualidade envolvidos. Trata-sent@nocesso livre de residuos toxicos, que
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ndo provoca a degradacdo térmica dos extratos e ndo requer gratdesiganergia, como
ocorre em processos de destilacdo. Além disso, proporciona uma meé#ividade e
eficiéncia ao processo e o solvente pode ser facilmente removidwmhdd extracdo. Assim,
o emprego de fluidos supercriticos tem sido considerado uma Otima opgém edracao e
fracionamento de produtos naturais, particularmente para as inslid&iaalimentos e
farmacéuticas (BRUNNER, 1994, p.386; KELLNER et al., 2004, p.406; PEREIRA,e
2004).

Entre os solventes utilizados para esse processo de extracag, éo dofsiderado
adequado para extragdo de produtos naturais, pois € atoxico, ndo inflapré@seinta baixa
reatividade, além de ser de facil obtencdo. O, @&ssui baixa viscosidade e elevados
coeficientes de difusdo. Sua temperatura (31,1°C) e pressao (@3tigabar) sao facilmente
atingidas, o que diminui os custos de compressao (PAVIANI, 2004).

No diagrama pressacersustemperatura (Figura 2), a regido supercritica demarca o
final da coexisténcia de fases liquido e vapor. Acima da tempemaitica um componente
puro gasoso nao pode ser liquefeito apenas aumentando a pressao &dicaesma forma,
acima da pressdo critica um liquido ndo pode se vaporizar apenas aameato da
temperatura. A pressdo critica € a pressdo de vapor do géspeerdtura critica
(RODRIGUES et al., 2003).

Especificamente, sobre o0 uso de ESC para obtencdo de compostosdjifaieira e
Meireles (2010) em seu artigo de revisdo, relatam varios este@logsados para uma grande
diversidade de plantas, como por exemplo, Aloe VAlae( barbadensis Millgr Camomila
(Matricaria recutitg), Eucalyptus Eucalyptus camaldulensi®ehn.), Macela Achyrocline
alata, A. satureioidgs Manjerona Qriganum majoranal.), Menta Mentha piperital.),
Alecrim (Rosmarinus officinalls Aquiléia Mil-Folhas Achillea millefoliur), entre outras
espécies. Além disso, esses autores descrevem que a ESi2adlauttbm sucesso para a
recuperacdo das substancias extraidas das espécies, alénademevelhoria da qualidade,
maior rendimento, e na maioria dos casos, maior atividade dos compbBtins por esse
método de extracdo. Esse melhor desempenho pode ser atribuido astteagoenais
brandas utilizadas, que ndo degradam os compostos extraidos. Porés,datranalise deste
artigo de revisdo, e de ampla busca na literatura, ndo foramcadod, até o presente
momento, trabalhos envolvendo ESC para extracdo de compostos bioativasesakcie

Brassica olerace&ar.capitata
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Figura -2. Diagrama de fases para uma substanmapante: CONDORI, 2005).

Nos ultimos anos aumentou-se 0 uso do ultrassono cona alternativa aos métodos
tradicionais de extracdo, devido a simplicidade operacdo, diminuicdo no tempo de
extracdo, condicbes mais seguras para o analsta.r&étodo possibilita a operacao a pressao
e temperatura ambiente, além da reducdo do usccidesée oxidantes, o que também
minimiza as perdas de elementos volateis e geraosneesiduos a serem descartados
(LUQUE-GARCIA; LUQUE DE CASTRO, 2003; CAPELO; MADUR; VILHENA, 2005).

O ultrassom em solucbes aquosas induz o fendmereawtacdo acustica no meio
liqguido, que refere-se a formacéo, crescimento glosdo de bolhas de gés. A energia
liberada durante a cavitacdo acustica fornece emtms perspectivas para o preparo e
tratamento de amostras, devido as modificacOasafis quimicas resultantes deste processo,
0 que impulsionou novas estratégias de preparonisteas. Em sistemas heterogéneos, o
tratamento é favorecido devido a fendmenos de émulas interfaces de sistemas liquido-
liquido, lixiviagdo na superficie em sistemas swliduido, erosdo, fragmentacdo e aumento
da area superficial de particulas solidas. Essesen devido as ondas de choque originadas
da implosdo das micro-bolhas, além da diminuicAogdadiente de concentracdo pelo
aumento do transporte de massas ocasionado pdlalénecia e micro-jatos (LUQUE-
GARCIA; LUQUE DE CASTRO, 2003).

A extracdo por ultrassom € reconhecida pelo seenpi@l de aplicacdo na industria
fitofarmacéutica para uma grande variedade de testide plantas (VILKHU et al., 2008).

Esses autores também relataram em artigo de regséotrabalhos feitos com algumas
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plantas, como por exemplo, “horteld”, “funcho” e “caléndula” apresmmtanm maior
rendimento de extracdo quando comparado a métodos convencionais de exwagép. H
Skerget e Knez (2007) avaliaram técnicas para extracdo de comgasidga dioical. e
concluiram que o ultrassom € uma técnica alternativa e promigsonaossibilitar maior
eficiéncia na extracéo.

Kataya e Hamza (2007) reportam a obtencdo de extratos de “repodbd por
ultrassom ao invés de “repolho branco”. Ainda, Carvalho et al. (2008h @taiso de
ultrassom para a obtencéo de extrato®B@essica oleraceavar. capitata porém os autores
nao avaliaram os efeitos da concentracdo de solvente, temperanpa, de extracdo, 0s
quais foram mantidos constantes em 10% (m/V), 28°C e 60 minutos, respectivamente.

3.4 Obtencéo e caracterizagao de extratos @zassica

Existem diferentes métodos de extracdo e caracterizacéong@ostos bioativos de
Brassica.Cada um deles com suas especificidades, sendo utilizados em fureg@icalgéo

dos extratos obtidos, conforme pode ser visto na Tabela 1
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Tabela 1- Literatura acerca da obtencgao e caracterizagéo de eddatassica.

Planta Método de extracdo Método de Referéncia
caracterizacao
Brassica oleracea Maceracéo HPLC-UV (ROSSETTO et
L. cv. al., 2013)
(Brocolis)
Brassica napus
B. juncea Microextracao em fase CG-MS (WElI et al.,
(mostardas sélida 2012
amarela e marrom)
Brassicaalba e Decoccao HPLC-UV (HERZALLAH;
(mostarda amarela) HOLLEY, 2012).
e B.juncea
Brassica oleracea
L. var. capitataf. Extracdo com metanol LC/MS (KOO et al.,
rubra DC 2011)
Brassica oleracea Extracao por ultrassom HPLC-DAD-ESI-MS (OLSEN;
L. Curvar. AABY; BORGE,
acephalavar. 2009)
sabellica
Brassica oleracea Extracao por ultrassom Espectrofotometrig CARVALHO et
var. capitata UV-VIS, perfil al, 2008)
fitoquimico
Brassica Extracdo com liquido HPLC-DAD e (ARAPITSAS;
oleraceal. pressurizado ESI-MS/MS SJOBERG;
var.capitata f. TURNER, 2008).
rubra (repolho
roxo)

Entre os métodos de extracdo para compost@raisica,tém-se desde os métodos
mais simples como decoccdo e maceracédo, até métodos alteraasvaavencionais, como
microextracdo em fase solida, extragdo por ultrassom e &xtpeag liquido pressurizado. O
método escolhido, normalmente reflete o que se deseja obter, bem tecnolagia que se
tem disponivel para tal funcéo.

Em relacdo aos métodos de caracterizacéo, existe também nuedada de métodos,
desde os mais preliminares como analise fitoquimica (reacées de caracterizacdo), até
métodos mais sofisticados como cromatografia liquida acopladaéatede massas (LC-
MS) e cromatografia gasosa acoplada a deteccao de massdMS)CG escolha do método

normalmente esta associada ao objetivo principal do trabalho.
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3.5 Atividade Bioldgica enBrassica

O géneroBrassicatem sido amplamente estudado, devido a gama de atividade
bioldgicas que seus metabdlitos secundarios apresentam. A2a@iesenta alguns estudos
cientificos acerca das atividades do género em questao.

Embora existam varios trabalhos na literatura, a tabela 2 afgesa apanhado geral
das principais atividades do génerBrassica, como por exemplo, antioxidante,
anticarcinogénica, anti-inflamatéria, fotoprotetora, antiulcerogénitibaateriana.

Especificamente sobre a espéBmssica oleraceavar. capitata, serdo abordados
alguns trabalhos a respeito de atividade antioxidante e antibaeteima vez que tais
atividades séo foco do presente trabalho.

Jaiswal, Abu-Ghannam e Gupta (2012) avaliaram a atividade antioxdaetdratos
de Brassica oleraceavar. capitata frente ao radical sintético DPPH, apresentando acéo
inibitoria frente ao mesmo. Ahmed et al. (2012) também avaliaragd@ antioxidante dessa
espécie frente ao radical DPPH. Ou et al. (2002) determinaraapacidade antioxidante do
repolho pelos métodos ORAMXygen Radical Absorbance Capakitg FRAP Ferric
Reducing Antioxidant Powgrem que a espécie apresentou a¢do sobre ambas técnicas. Jacob
et al. (2011) investigaram a capacidade antioxidante de extratos de repolhcoBeaticais

superoxido e hidroxil, os quais apresentaram ac¢ao inibitéria sobre os mesmos.
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Tabela 2 Atividade bioldgica de diferentes espécieBdassica.

Planta Atividade biolbgica Referéncia
Brassica sp Quimioprevencéao,
supresséao no (LAMY et al., 2013)

crescimento e inducao
da apoptose de células
cancerigenas

Brassica oleracea Antimicética (BAJPAI; KANG; BAEK, 2012)
var. capitata

Brassica oleracea Antibacteriana e (JAISWAL; ABU-GHANNAM;
(brocaolis, repolho brance Antioxidante GUPTA, 2012)
couve de Bruxelas
Brassica oleraceaar. Antiulcerogénica (LEMOS et al., 2011)
acephalaDC
Brassica oleraced. Toxicidade aguda e (THOUNAOJAM et al., 2011)
(repolho roxo) subcronica negativa
Brassica oleraceaar. Anticarcinogénica (FARAG; MOTAAL, 2010)
capitata(repolho)
Brassica oleraced. var. Anti-inflamatoria (LIN; LI; HWANG, 2008)
(repolho roxo)
Brassica oleraceaar. Fotoprotecao (ROSA et al, 2008)
capitata (repolho branco)
Brassica oleracea Antioxidante e (KATAYA; HAMZA, 2007)
(repolho roxo) anti-hiperglicemiante

Em relacéo a atividade antibacteriana, Jaiswal, Abu-Ghannam e Gupta (2€ra)re
a atividade antibacteriana de extratoBdassica oleraceaar. capitatg frente aSalmonella
abony Pseudomonas aeruginosa, Listeria monocytogem&sterococcus faecali®s quais
apresentaram acao inibitéria sobre as mes@hsvastava e Bhargava (2011) avaliaram a

acao antibacteriana frenté=acoli de extratos dBrassica oleraceaar. capitata.
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3.6 Conclusdes acerca do estado da arte

Conforme visto na revisdo bibliografica, existem varios estudos dibenentes
meétodos de extracdo para compostos bioativoBrdssica.De modo geral, ndo € comum
trabalhos relatando a otimizacdo do processo de extracdo poroattresguido de hidrolise.
Por exemplo, Carvalho et al. (2008) utilizaram o ultrassom para acébtele extratos de
Brassica olerace&ar.capitata porém os autores nao avaliaram os efeitos da concentracéo de
solvente, temperatura e tempo de extracdo, os quais foram mamitkiantes, conforme
visto anteriormente. No presente trabalho, todos esses parametrosotorazados, bem
como a influéncia dos solventes metanol e etanol na extracdo de comptstoslisso, 0s
extratos foram submetidos a processos de hidrdlise acida aaloasando melhorar a
atividade biologica dos mesmos. Com relacdo a extracdo suparcgéibe-se que este
processo é considerado uma “tecnologia verde”, ou seja, ecologiearoereta, uma vez que
trata-se de um processo livre de residuos toxicos, ndo provoca a gagreatanica dos
extratos e ndo requer grandes gastos de energia. Além de proponecimaamelhor
seletividade e eficiéncia ao processo e 0 solvente poder derefate removido no final da
extracdo. Especificamente sobr@m@assica oleraceaar. capitata,até o presente momento
ndo foram encontrados trabalhos na literatura cientifica envolvendo tal métodmdacext

Sabe-se que o método de extracdo escolhido, esta totalmente vinomtado c
resultado da atividade biolégica, uma vez que 0s compostos bioativoflextestao
relacionados ao meétodo selecionado. Para atividade antioxidante de centeistassica,
existe uma quantidade de trabalhos consideraveis, porém a maesées deiliza métodos
antioxidantes sintéticos, como DDPH. Neste trabalho foi avaliado, além dé, Di€fodosn
vitro como superoxido, hidroxila e peroxila, os quais também estdo presentésratura
para esta espécie de planta, porém normalmente avaliados ddadolada, ou seja, poucos
trabalhos estudam as trés espécies reativas de oxigénio jumas.€he vista, que o extrato é
uma matriz complexa e que os radicais apresentam comportamestiowsd e que sao
fisiologicamente relevantes, € de extrema importancia que/ae os mesmos de forma
conjunta. Para atividade antibacteriana, tém-se poucos trabalhes@dwahl atividade, em

relacdo do potencial biolégico que podem vir a oferecer.
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ABSTRACT

The family Brassicaceadias been very studied due to the pharmacologic properties of the
glucosinolates (GLS) and their hydrolysis products, which aecaged with the action of an
endogenous thioglucosidase myrosinase. Factors such as climatgesotype, seasonal
variation, processing, extraction quantification can affect the emagativity and stability,
leading to increase or decrease the hydrolysis of GLS. Basetthi®raspect, the main
objective of this work is present a review concerning the glucosgpigrosinase system,
influence of climate and genotype to seasonal variation in the syhadate-myrosinase
system, effect of thermal and high hydrostatic pressurertesds on the GLS content, as well

as, the isolation and quantification of GLS fr&rassica

Key-words: Brassica environmental parameters, glucosinolates, myrosinase,

process parameters,
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INTRODUCTION

The family Brassicaceadncludes about 400 genus and 4,000 species. In Brazil is
found 7 genus and 50 species. Through the genetic improvement have kextaraltural
varieties that present economic interest, malpleraceavar. acephala(kale), B. oleracea
var. capitata (cabbage),B. oleraceavar. gemmifera(Brussels sprouts)B. oleraceavar.
borytis (cauliflower) andB. oleraceavar. italica (broccoli). Other species economically
important areBrassica nigraand Sinapis spp. (mustards)Raphanus sativugradish),
Armoracia rusticana(horseradish)Rorippa nasturtium-aquaticurwatercress) anderuca
sativa(rocket). Some species are cultivated as ornamental, nR&irdleraceavar. acephala
(ornamental cabbage),.obularia maritime (Alyssum) and Cleome hassleriana (spider
flower). Many Brassicaceaeare weeds, includin@rassica rapa Rapistrum rugosum and
Sinapis arvensdturnip mustard),Capsella bursa-pastorigshepherd's-purselCardamine
bonariensis (wild watercress),Coronopus didymuglLesser swine-cress),.epidium spp.
(peppercress) arfaphanus raphanistruifwild radish) (Souza and Lorenzi, 2005).

The familyBrassicaceadas been very studied due to the pharmacologic properties of
its main metabolites, the glucosinolates (GLS). These metadhadis well as, their hydrolysis
products (isothiocyanate and nitriles) are powerful antioxidamdsaati-carcinogenic agents
(Paulino, 2008). The GLS are one of the greatest metabolic groups aontsutiur, which
are found mainly in comestible vegetables. Until the year of 2004pxappately 120 GLS
were identified from species Bfrassicacea@and other families (Falk et al., 2004).

The chemical structure of GLS consists of ester of (Z) hydaoxine sulphate that
had an atom of sulfur bonded topa-glucopyranose that is a side chain derived from an
amino acid. The chemical side chain is highly variable and can wogtaups aliphatic
(alkyl, alkenyl, hydroxy alkenykp-methyl alkyl,®-sulphinyl ande-sulphinyl alkyl), aromatic

(benzyl, substituted benzyl) or heterocyclic (indolic groups), deperafitbe amino acid
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precursor (Holst and Williamson, 2004; Padilla et al., 2007). The presémscdphate in the
molecule confers properties strongly acid. In this way, the &ehot volatile and occur as
salt (Holst and Williamson, 2004).

The hydrolysis of GLS occurs due to action of an endogenous thioglasesi
myrosinase when the plant tissues are disrupted during procedsavgng, and digestion,
since this enzyme is located within the vacuoles of the platmban@he hydrolysis generates
an unstable aglycone intermediate, thiohydroxamate-O-sulfonateh vidispontaneously
converted to different classes of breakdown products including isotha®g thiocyanates,
nitriles, epithionitriles, hydroxynitriles, and oxazolidine-2- thionégnwick and Heaney,
1983b).In Table 1 are presented the chemical structures of the maiporinds 76 detected in
Brassica family.

The extent of hydrolysis of glucosinolates and the nature and cdioposf the
breakdown products formed are known to be influenced by various chestaageof the
hydrolysis medium. Intrinsic factors such as coexisting mygess and its cofactors ascorbic
acid, epithiospecifier protein (ESP), or ferrous ions (Bones andt®pd996) and extrinsic
factors such as pH and temperature (Ludikhuyze et al., 2000) cah tat#ebydrolysis of
glucosinolates, because these factors present influence on mgeoaictevity and stability,
leading to increase or decrease the efficiency of hydrobysigucosinolates. By this reason,
processing, extraction and quantification methods are likely taeinfle the extent of

glucosinolate hydrolysis and the ratio of the derivatives produced (Verkark £997).
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Compound

Chemical structure

Glucosinolate

Thiohydroxamate-sulfonate

Stableisothiocyanate

Nitrile

Thyocianate

Indolylmethil-Isothiocyanate

B-OH-isothiocyanate

5-oxazolidine -2- thione

Indole-3-carbinol

Epithioalkylnitrile

R—N=C=S
R=(CH,),S(=0)CH;

R= (CH,),SCH;
R=(CH,);S(=0)CH;

R—C=N
R=CH,CHOHCH=CH,

R—S—C=N

Ra

H,C—N=C=—8§

N
|
Ry

H H
R—C—C —N=—=C=—S

OH

R=CH=CH,

Ro
HoC—OH
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Although the related variables influence the myrosinase activigy, literature is
focused mainly on the effects on glucosinolase content. Thenga documented review in
the literature (Cartea and Velasco, 2008) that reports the ncBuef environmental
conditions, processing and storage on the glucosinolates cont8massicasp. and their
effects on human nutrition and health. Based on these aspects, the p@$ereports the
influence of climate, genotype and seasonal variation in the glucatgfmolrosinase system,
effect of heat treatment and high hydrostatic pressure on thktgtaf myrosinase as well as
in the GLS content, and additionally, this work reports the isolationcaradtification of
these compounds, focusing in the methods of isolation and quantificatidncosigolates

from biological matrices.

INFLUENCE OF CLIMATE AND GENOTYPE TO SEASONAL VARIA TION IN
THE GLUCOSINOLATE-MYROSINASE SYSTEM

Cultivar, location, and growing conditions play important roles in the pramuct
bioactive compounds iBrassicasp. (Rosa et al., 1997). The concentration and composition
of GLS, phenolics, and vitamin C Brassicasp. is genotype dependent (Sarikamis et al.,
2009). Moreover, climatic factors such as temperature, irradiatidnyater supply also have
an important influence on the phytochemical contefrassicasp. (Martinez-Villaluenga et
al., 2009). According to Schmidt et al. (2010), GLS breakdown product leeetiua to the
combination of GLS content in the plant and myrosinase activity (Lugiehet al., 2000).
The activity of this enzyme depends on the genetic variation (Baak, 2000), on some
intrinsic (metal ions, ascorbic acid, pH) and on some extrinsioria (temperature) (Bones
and Rossiter, 1996; Ludikhuyze et al., 2000). Therefore, cultivar selettoard be tailored

to specific environmental factors at each location to achieve izption in phytochemical
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content ofBrassicasp. In addition, selected white cabbages with an optimized bioactive
compound content could be used as raw material for sauerkraut production,irenhaec
human dietary intake in health promoting compounds.

Brassicas are economically important crops that show highgpgeific variation in
morphological and chemical traits (Hanson et al., 2009). Previous stumlresshown that
concentrations and profiles of GLS show considerable variation withaiespand that they
vary with environmental conditions and developmental stage (Pottér, 20@0; Rosa and
Rodrigues, 2001; Castro et al., 2004; Poelman et al., 2008; Hanson et al., 2009).

Among the cultivatedBrassicaceagbroccoli attracted attention after the discovery
that it contains high levels of the isothiocyanate sulforaphaneofiitégyanate-(4R)-
(methylsulfinyl) butane], and of other glucosinolate derivatives thbutp have
anticarcinogenic properties (Beecher, 1994; Zhang et al., 1992; Cowdr, 4998). The
ability of sulforaphane or indole-3-carbinol to protect against tiganicity is dose and time
dependent. Therefore, selection of cultivars accumulating higrsletesothiocyanates may
be important. Based on the perceived beneficial effects, broceolrdtaived widespread
attention as a medicinally significant food, its consumption beiogmenended throughout
the year. To meet this requirement, and because it is a veshgge vegetable, producers
tend to grow suitable cultivars under mild climatic conditions inngprand summer,
principally for the fresh market, although some cultivars are more suitesketorfg.

Variation in GLS has been of interest to ecologists and nutriticimemists alike.
Ecological studies have investigated the effects of variation Li8 Goncentrations and
profiles of Brassica olerace@n above ground plant-insect interactions. Both generalists and
specialists herbivores can be influenced by GLS (Gols et al., 2007; Poelrhad@2&).

Members of theBrassicaceaevary considerably in GLS quantity and composition

(Rask et al., 2000; Fahey et al., 2002) and insect herbivores special2eaksicaceadliffer
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in their performance on different members of this plant famiox (&t al., 1996; Ohsaki and
Sato, 1999; Sznajder and Harvey, 2003). Differences in GLS quantity and dbonpos
between crucifer species may thus contribute to differences rinivbee performance.
Plutella xylostellal. (Lepidoptera, Plutellidae) is a specialist herbivore thahawvn to feed
on a number of species in tiBrassicaceaeAdult females and larval stages use GLS as
oviposition and feeding stimulants (Pivnick et al., 1994). However, anaseran GLS
concentration does not always positively correlate with larval perfornfanegal., 2000).
Some GLS may have anticarcinogenic effects (Lund, 2003; Morealo, @006) and
nutritional studies have mainly focused in the aerial parts opliwets. Root GLS levels,
although less studied in the context of human health, are importaetsistance against soil
pests and may be used for biofumigation (Smetanska et al., 2007).idh pmets, GLS
concentrations depend on a variety of factors including temperaine,of day, water
content, and nutrient supply (Rosa et al., 1994; Rosa, 1997; Pereira2€03al. Gols et al.,
2007). Cole (1980) observed, based on measurements of volatile myrdsyars/sis
products, a substantial decline in levels of aliphatic glucosinatatesthe first few days of
development in seedlings of turnips, Chinese cabbage, fodder BapearhpestrisL),
cauliflower @. oleracea var botryti and radish Raphanus sativud). A thorough
understanding of glucosinolate metabolism in plants requires imerssudies of their
distribution between plant organs and changes during the various gleeglostages. Major
differences in the relative amount of individual GLS have been witebetween the
different parts of developing rapeseed plants McGregor (1988}aimtly that them have
defined distribution patterns. Furthermore, large differences betseed, leaf and root
glucosinolate profiles of several brassicas have been desbyi®dng et al. (1984). Rosa et

al. (1994) reported that under mild conditions, GLS in the leaves of yabigage plants
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showed significant variation throughout a single day. Although the siajgested a rapid
metabolism of GLS, the causes of this variation are not fully understood.

Even under controlled greenhouse conditions, GLS concentrations in leaves of
Brassica species fluctuate when sown over a time period ofatewenths, which was
ascribed to abiotic seasonal changes (Gols et al., 2007). Soittehstas like pH influenced
GLS concentrations in leaves of kale (Petersen et al., 2002;,cdetasl., 2007; Gerendas et
al., 2008; Pongrac et al., 2008). Variation on the amount and pattern of GLiseémas
attributed to genetic and environmental factors, including plant agpetatare, water stress,
and soil type (Fenwick et al., 1983; Rosa et al., 1997; Farnham et al., 2004).

Distribution of the GLS varies depending on plant part, with both gaawitand
qualitative differences among roots, leaves, stems, and seeds.avaetlal. (2009), in his
review article reports that the roots usually have a higbacentration of glucosinolates
compared with other parts of the plant. Agronomic factors, such lag/@ej moisture, and
mineral nutrient availability, are known to exert a significafféa on GLS content. Soill
fertility has significant effects on levels of specific &lin the growing plants (Rosa et al.,
1997). Total and indolic GLS concentrations have been correlated withticlifactors in
several crops dB. oleraceaCharron et al., 2005). Winter seasons seem to induce lower GLS
levels due to short days and cool temperatures accompanied by frost (Rosa et al., 1997).

In addition, the profile and concentration of GLS are affected bgldemental stage
of the plant (Petersen et al., 2002) and by biotic interactions. Aboundymplant-animal
interactions can cause up regulation of specific GLS, dependinigeaiissues attacked and
the identity of the herbivore (Textor and Gershenzon, 2008. bleraceaherbivory by the
generalistMyzus persicaep regulates indolic GLS( Kim and Jander, 2007), whereas damage
resulting from the specialisPieris rapae also increases aliphatic GLS (Agrawal and

Kurashige, 2003). There is especially little information on root GLS.
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EFFECT OF THERMAL TREATMENT ON THE GLUCOSINOLATE-
MYROSINASE SYSTEM OF Brassica
Glucosinolate hydrolysis products, and in particular isothiocyamatgsndoles, have

received a special interest in food research because of ahitarcinogenic properties
(Verhoeven et al., 1997; Wallig et al., 1998). Moreover, glucosinoéatdstheir hydrolysis
products are associated with important taste, aroma and flaveibutatd in Brassica

vegetables (Van Doorn et al., 1998; Drewnowski and Gomez-Carneros, 2000; @bafjan
2001).

Like other vegetables, mosBrassica vegetables are heat processed before
consumption. This leads to myrosinase inactivation and hence stops tbé/sigdof GLS
into beneficial breakdown products. GLS can be hydrolyzed by myrosiexsgting in the
human gut, but the production level of isothiocyanates is three tirrategwhen GLS are
hydrolyzed by plant myrosinase (Conaway et al., 2001). Controllingpgimase activity
during processing is, therefore, of particular interest.

Earlier investigations showed different thermal stability ofresinase based on
Brassicasource (Table 2). This table shows that broccoli myrosinaséhbdewest thermal
stability compared to other myrosinase sources, whereastlieisighest in the case of
rapeseed myrosinase. However, Matusheski et al. (2004) found thaighizash broccoli
florets to 60 °C prior to homogenization simultaneously increased safgteore formation,
which indicates a much higher thermal stability of broccoli myase than what has been
reported by Ludikhuyze et al. (1999). However, some of the differerced be due to the

limitation of heat transfer to whole vegetable.
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Table 2. Thermal stability of myrosinase from differBrissicasources.

Source of myrosinase Stability (°C)
Broccoli myrosinase (crude extract) Up to 30°C
Broccoli myrosinase (juice) Up to 40°C
Red cabbage myrosinase (crude extract) Up to 60°C
Red cabbage myrosinase (crude extract) Up to 40°C
White cabbage myrosinase (crude extract) Up to 50°C
Mustard seed (crude extract) Up to 60°C
Rapeseed myrosinase (crude extract) Up to 65°C
Rapeseed myrosinase (intact and flaked seeds) Up to 90°C

Source: Ghawi et al. (2012)

Earlier work has indicated that the glucosinolate-myrosirgstem is modified
during the processing @frassicavegetables due to partial or total inactivation of myrosinase,
thermal breakdown of GLS and their hydrolysis products, loss of enizyroafactors,
leaching of GLS and their derivatives into the cooking medium, or ipédion of the
derivatives (Dekker et al., 2000). The extent of these losses pratetEynds on the duration
and type of heat treatment, the degree of material disatiegr and the vegetable matrix
itself (Rosa and Heaney, 1993).

High hydrostatic pressure (HHP) is a non-thermal technology used in the fooohyindus
to inactivate microorganisms and spoilage enzymes without affetttenguality of fresh
products (San Martin et al., 2002). Moreover, the application of pressuessgirtg has been
found to retard thermal inactivation (Hendrickx et al., 1998). HHP lgtjallias been

investigated for broccoli and mustard seed myrosinases (Ludikhtige £999; Van Eylen
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et al., 2008). However, a very wide difference in pressure stabdigybeen reported. Green
cabbage is widely consumed as either cooked or processed producteehawepublished
data on the thermal and pressure inactivation of myrosinase freem gabbage are yet
available in the literature. Vegetables are primarily consumethe cooked form and are
processed by various techniques. Blanching is a short heat trealaierst typically applied
to vegetables prior to further processing with the aim of enharitiy safety and quality
attributes. Blanching imparts benefits, such as destruction @fceunfiicroflora of vegetables
and enhancing the colour and texture and also the keeping qualidgetbble products. The
quality of blanched product depends significantly on the time and tamperof blanching
and also on the size of vegetable to be blanched. Under-blanching sjpetite activity of
enzymes and is worse than no blanching. Over-blanching causesf ltssture, colour,
phytochemicals and minerals. Industrial blanching processesvntemperatures ranging
from 70 to 95 °C and times usually no higher than 10 min (Morales-Blagical., 2002)
whereas for domestic purposes vegetables are generally blanchEa-i® min in boiling
water (98-100 °C).

A considerable amount of research has been done to understand tis effe
blanching on texture, colour, phytochemical content and antioxidantetyaaivdifferent
vegetables. Volden et al. (2008) showed the effects of blanchimgl aabbage on the levels
of glucosinolates, polyphenols and anthocyanins, as well as for tloxidatit potential by

the ferric reducing ability power (FRAP) and oxygen radicabdience capacity (ORAC)

assays. Data on the effect of blanchorgphysicochemical properties of cabbage is scarce

(Amin and Lee, 2005; Volden et al., 2008).
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Isolation and quantification of glucosinolates from Brassica

Due to their physicochemical properties, the separation anddlaion of GLS is an
extremely difficult task. The presence of the sulfate group and of the thiogluotsty cause
the octanol-water partition coefficient of GLS (log Po/w) to fallthe low value domain
(-4.30 for glucoiberin to -1.38 for neoglucobrassicin), thus suggesting ahewery
hydrophilic and always water-soluble entities (Holst and Wikiam 2004). The
characterization and quantification of GLS, either in pure statéthin mixtures, is possible
through the desulpho-glucosinolates technique (Wathelet et al., 1995; Kiddle et al., 2001).

Moreover, many ion pair chromatography based methods have been devéleped a
the initial work published by Helboe et al. (1980) to purify GLS (fereset al., 1996; Toribio
et al, 2007). They exploit the well-known property of alkyl-ammoniums
(tetramethylammonium, tetraoctylammonium, tetradecylammoniun), tetdform ion pairs
with sulfate groups (Prestera et al., 1996). This is the strategy usedtsytplransport GLS.
Indeed, a GLS anion is sometimes associated with an aromaticecketer cation, such as
sinapine, in sinalbin from mustard or glucoraphanin from broccoli (Butzenlechner, 1996).

Recently, Fahey et al. (2002) successfully resolved glucoraphadirglacoiberin
from crude plant homogenates using high speed counter-current chrapaiofiSCCC) in
the elution mode and a highly-salted and highly polar biphasic solwestéens 1-
propanol/acetonitrile/saturated aqueous ammonium sulfate/water (2@.RThis protocol
was optimized and scaled up by Fisher et al. (2005) where 15 giceshiglucoraphanin
extract were injected in a MIDI-dynamic extraction cdageé apparatus equipped with a
928mL column. There are different methods of extraction and charatiem of
glucosinolates in Brassica family. As can be seen in TabletBcdon with methanol is
widely reported, but other methods such as decoction, headspace solid-pinasgtraction

are also employed.



43

Among the methods for detection and quantification, there is a widation,
although liquid and gas chromatography coupled or not the mass detectoripegddnsince
they allowed confirmation of the compounds analyzed. Regardingdla¢eid glucosinolates,
each species has its particularity in relation to them, whiohatso vary within the same
species due to climate change, seasonal variation, aspectsvat@tdiscussed earlier.
Compounds that exhibit prominent, ie appear in a large number of speeismigrin and
sinalbina addition of sulfur compounds, allyl, benzyl isothiocyanates amedtldyl sulfide.
Herzallah and Holley (2012), developed a method to reversed pligspdrformance liquid
chromatography method was to quantify sinigrin, sinalbin, allyhisoyanate and benzyl
isothiocyanate present in aqueous and freeze-dried yellow and aDr{brdwn) mustard
extract samples using two pre-treatment methods (autoclaving, boiling) totpdegeadation

by myrosinase.
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Table 3. List of glucosinolates identified iBrassicafamily, extraction methods and
characterization

Plant species Extraction Characterization Compounds identified  References
method method
Brassica dimethyl sulfide, Wey et al.
napus Headspace-solid GC-MS 3-methyl-3 butenenitrile (2012)
Brassica phase 1-isothiocyanato-butane
juncea microextraction 4-isothiocyanato-1-butene
Sinapis alba Decoction RP-HPLC sinigrin, sinalbin, allyl-  Herzallah
and benzyl and Holley
isothiocyanates (2012)
Brassica
oleracea L. HPLC-PDA, sinigrin, glucoiberin, Toribio et
var. extraction ESI-MS glucoiberverin, al. (2011)
botrytis L. with methanol NMR gluconapin,
Brassicarapa glucobrassicanapin and
Ruvo gluconasturtiin
Brassica
oleraceal. extraction with LC/MS Sulforaphane Koo et al.
var. capitata metanol (2011)
f. rubra DC
Brassica
oleraceal. headspace-solid GC/ITMS allyl isothiocyanate ~ Pinho et al.
var. phase dimethyl disulfide (2009)
costataDC microextraction dimethyl trisulfide
Brassica
oleraceavar. extraction with HPLC-UV glucobrassicin, Kusznierew
capitataf. metanol sinigrin iczaet al.
alba (2008)
Brassica agueous extract CPC sinalbin and Toribio et
oleraceavar. glucoraphanin al. (2007)
italica

GC-MS: Gas chromatography coupled withssndetector; RP-HPLC: Reverse phase liquid chagraphy;

HPLC-PDA: liquid chromatography- photo diode arrdgtector; ESI-MS: electrospray ionization-mass
spectrometry; NMR: Nuclear magnetic resonance; L&/Miquid chromatography—mass spectrometry;
GC/ITMS: chromatography- ion trap mass spectromett?L.C-UV: liquid chromatography- ultraviolet
detector; CPC: Centrifugal partition chromatography
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Toribio et al. (2007) purified the glucosinolates sinalbin and glucoraplgnstrong
ion-exchange displacement centrifugal partition chromatographyCfSCY. The optimized
conditions involved the biphasic solvent system ethyl acetate/n-butater/vthe lipophilic
anion-exchanger. Amounts as high as 2.4 g of sinalbin and 2.6 g of lucorapten

obtained in starting from 12 and 25 g of mustard and broccoli seed aqueous extracts.

Concluding Remarks

From this review it was seen that the vegetables oBtlassicafamily are rich in
glucosinolates, which have a valuable anticarcinogenic action. Gluasiyabsinase
system may be influenced by factors such as climate, sobtyee, with seasonal variation.
Therefore, cultivar selection should be tailored to specific enviratahéactors at each
location to achieve optimization in phytochemical contefBraksicasp. In addition, selected
white cabbages with an optimized bioactive compound content could be used rasterial
for sauerkraut production, enhancing the human dietary intake irthhpabmoting
compounds.

The study of the effects of processing on the concentration&L& and the
parameters related to their hydrolysis Brassica vegetables has a pivotal role in
complementing research on the epidemiology of the consumptiBrasicavegetables and
chemoprevention. An understanding of the physical and biochemical changesing
before the ingestion of procesdrhssicavegetables may help to interpret the metabolic fate
of GLS in experimental studies in animals and humans and inform the subsequerdtfiorm
of dietary strategies to optimize the uptake of isothiocyanmtesivo. Hydrolysis of
vegetables at high temperatures leads to destruction of myrosinasgzyme responsible for
converting glucosinate in active substances, as well as trea#ahbaigh pressures, which is

used in the food industry leads to destruction of this enzyme. Theretoea, one wishes to
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obtain constant characteristics in a plant of Bnassicafamily all these aspects should be

taking in account.
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Abstract

In this work were extracted bioactive compounds fi®rassica oleraceaar. capitatausing
supercritical CQand evaluated the antioxidant potential of the extracts. Fivactirins were
accomplished to investigate the influence of pressure (10 — 25 MPagrapdrature (20 -
60°C) in the extraction yield, chemical composition and antioxigastential towards
peroxyl, superoxide and hydroxyl radicals. The highest extractedd yias obtained at 60°C
and 25 MPa, which was 0.47wt% (run 2). In the characterization of trecesxbbtained was
possible the identification of sulforaphane and iberin nitrile thatepteknown biological
properties. The extracts of all runs presented antioxidant gctovitards the three radicals,
but the highest activity for all radicals was using the eidrabtained in the run 2. The use of
supercritical CQ extraction to obtain bioactive compoundsBoassica olerace&ar. capitata
showed to be a promising alternative to a conventional extractdmoehs, since allowed the

extraction of compounds with scientific and industrial interest.

Keywords: Brassica oleraceavar. capitatg supercritical C@ extraction, chemical

characterization, antioxidant activity.
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1. Introduction

In the recent years, there are increased the interesieiuge of plant extracts to
combat the oxidative stress, which occurs as a consequence of annoebbhktween
reactants, such as reactive oxygen and nitrogen species, anddant®xThe increase in
reactive species causes damage to lipoproteins, lipids, DNA anthpratel oxidative stress-
induced modifications of these molecules have been implicated iy thapase pathways
(Valentdo, Fernandes, Carvalho, Andrade, Seabra, & Bastos, 2002; Stesselt, Marsh, &
Coombes, 2011). Amongst the reactive oxygen species of great intezast e cited the
superoxide, hydroxyl and peroxyl radicals (Carvalho et al., 2013). &igerand hydroxyl
radicals are associated with the formation of hydroperoxidesmutnxidation of unsaturated
fatty acids, whereas peroxyl radical is related as annegiary compound in the lipid
peroxidation (Zhao et al., 2006).

The antioxidant activity of extracts obtained from plant spdasieslated to extraction
method, since each method affect the selectivity of compounds. Ehefualternative
extraction procedure has been increased in relation to traditbomes (hydrodystillation,
maceration, soxhlet). Among the alternative procedures, the ussuparcritical fluid
extraction is the preferable and a considerable amount of studiéedérasarried out using
this procedure over the past 10-15 years (Pereira & Meireles, 20Q0¢rc8tical fluid
extraction (SFE) is a green method and attends the modern merateut environmental
aspects related to development of processes. The mains advant#gespafcedure is the
fact that no toxic residues is verified in the extractrafte extraction since the solvent is
gaseous at room conditions, mild operational temperatures implyitgyvimlegradation of
thermolabile compounds, the selectivity, yield and efficiency dfaeon can be easily
modified by manipulating the temperature and pressure of thersy$teese characteristics

make the SFE a promising technique to be used in the extractibeeparation of natural
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products, mainly for food and pharmaceutical purposes (Kellner, Me@ttet Valcarcel, &
Widmer 2004; Pereira, Marques, Barreto, Siani, Fernandes, & Meireles, 2004).

Brassica spis one of the plants with pharmacological interest, since destedies
revealed that it presents action as antiinflammatory, antintycqthotoprotective,
antihyperglycemic, anticarcinogenic and antioxidant (Kataydd&nza, 2007; Lin, Li &
Wang, 2008; Bapjai, Kang & Baek, 2012). Among the specieBrassica sp special
attention has been paid fBrassica oleraceaar. capitata(white cabbage) that is one of the
vegetables most important worldwide (Singh, Upadhyay, Bahadur, Singh, SinEaj,
2006). Before its use as food it was used in the popular medicinddotrdatment of
headache, podagra, diarrhea and peptic ulcers. White cabbage has bsardiedydue to its
antioxidant activity and detoxification mechanisms that elimiaatestabilize the production
of carcinogenic substances (Brooks, Paton & Vidanes, 2001; Singh, Upadiafzadur,
Singh, Singh, & Rai, 2006).

The antioxidant activities of extracts frdBnassica oleraceabtained by conventional
extraction methods are well reported in literature. Kuszniemwiartoszek, Wolska,
Drzewiecki, Gorinstein, and Namiesnik (2008) evaluated the antioxioamhethanolic
extract ofBrassica olerace&ar capitata f. albawhereas Kataya and Hamza (2008) tested the
action antioxidant and antihyperglycemic of ethanolic extfassica oleraceaar. capitata
for the treatment of diabetes. Jacob, Mahal, Mukherjee, and Kapoor (@@dlupted the
antioxidant activity of methanolic extracts @&frassica oleraceavar. capitata. Extracts

showed antioxidant activity against DPPH, hydrogen peroxig@AFscavenging assay.

However, at the best of our knowledge, no works were published ireptite use of
SFE for extraction of bioactive compoundsBrassicaspecies, includingrassica oleracea
var. capitata As a consequence, studies referring to the biological actiotidese extracts

also are not availablén this sense, the main objective of this work was to obtain bieacti
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compounds ofBrassica oleraceavar. capitata using supercritical COextraction and to
evaluate their antioxidant potential. For these purposes, experiwengs carried out at
different temperatures and pressures, being evaluated the iextraeeld, chemical

characterization and antioxidant activities of the extracts obtained.

2. Material and methods

2.1. Materials
The carbon dioxide (99.9% purity) was purchased from White and MarBeslium

hydroxide, HEPES, ABAP 2,2'-azobis (2-aminodinopropane hydrochloride), R
(2',7'-dichlorofluorescin), xanthine oxidase (XOD) 25UN, hypoxanthine X{HmMitro
tetrazolium blue chloride (NBT), 2-Deoxy-D-ribose were obtainednfriSigma-Aldrich.
DMSO (Dimethyl sulfoxide), potassium chloride and magnesium icldowere obtained
from Isofar® (Rio de Janeiro, Brazil). Sodium carbonate was obtaired Merck.

Ethylenediamine tetraacetic acid (EDTA) was obtained from NucleBr&z{|).

2.2. Samples

Brassica oleraceavar. capitata was dried in an oven with air circulation at 60°C
during 72 hours, according to Tanongkankit, Chiewchan, & Devahastin, (201 Iwa\its,
the material was ground in a slicer and stored at room teraperatder nitrogen atmosphere

prior to the extraction.

2.3. Supercritical C@extraction
The experiments were performed in a laboratory scale unit dogsist a CQ
reservoir, two thermostatic baths, a syringe pump (ISCO 260D), a 6 jackated extraction

vessel, an absolute pressure transducer (Smar, LD301) equipped witakdepmrdgrammer
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(Smar, HT 201) with a precision of 0.12 bar, a collector vessél aviglass tube and a cold
trap. Amounts approximately 25 g of dri®tassica oleraceavar. capitata leaves were
charged into the extraction vessel. The,@@s pumped into the bed, which was supported
by two 300 mesh wire disks at both ends, and was kept in contact wiikertheeceous matrix
for at least 1 h to allow the system

stabilization. Afterwards, the extract was collected openiegnitrometering valve and the
CO, mass flow was accounted by the pump recordings. The experimergsaccomplished
isothermally, at constant pressure using a massflo® rate of 2 g/min, as suggested by
Mossi et al. (2004) for three hours. The experimental range igaesti was 20-60 °C in
temperature and from 100-250 bar in pressure. Triplicate extraatisnwere accomplished

for all conditions.

2.4. Gas chromatography—mass spectrometry analysis

The extracts were analyzed with a gas-chromatograph (HP G&@djaced with a
mass selective detector—GC/MS (HP 5973) with automatic injectystem (HP 6890),
using a capillary column HP-5MS (30m x 0.32mm x Q% Helium was the carrier gas
with a flow rate of 2 ml/min at a pressure of 5.05 psi; electronjgact mode of 70 eV,
samples of AL were injected at 250°C interface temperature, with the foligwdolumn

temperature gradient programming: 70°C (1 min); 12°C/min up to 280°C.
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2.5. Antioxidant activities of extracts

2.5.1. Superoxide radical scavenging activity — Hypoxanthine/Xanthine Oxidase System
(HPX/XOD)

The antiradical activity of extracts ddrassica oleraceavar. capitata obtained by
extraction using supercritical G@oward Q" radical was evaluated by the enzymatic system
HPX/XOD (Zhao et al., 2006). For this purpose, 100of EDTA (30 mmol.L%), 100uL of
HPX (3 mmol.LY) and 200uL of NBT (1.42 mmol.[*) were mixed with 10QiL of extract.
After 3 minutes, was added 1Q@Q of enzyme XOD (0.75 U.mt, diluted in phosphate
buffer. The final volume of solution was 3 mL filled with phosphate byfie05 mol.L*, pH
7.4). The blank sample was prepared in the same manner, but withoutsbeger of NBT.
Also, was carried out a control test containing all reagents thé solvent employed in the
samples, as well as a blank control. After 40 minutes of reaoias, carried out the
absorbance of samples in an UV-Vis 8453 Hewlett-Packard spectromteto(Agilent
Technologies, Santa Clara, EUA) at 560 nm. The antiradical gctoxtards @~ (AAo2.)

was calculated according to the following equation:

{1 o o

where A, A, C, G are the absorbance of sample, blank sample, control and blank control,

respectively.

2.5.2. Peroxyl radical scavenging activity

The antiradical activity of the extracts Bfassica oleraceaar. capitataobtained by
extraction using supercritical GQoward ROO radical was evaluated by the fluorimetric
method using DCFH2-DA as substrate (Amado et al., 2009). A plate ogt&6 pools was
subdivided in two regions: in the first one, corresponding to the An&s C, and D, and the

second one, corresponding to lines E, F, G and H. The first three po@shofegion were
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used to add 10 pl of solvent used in the samples. In the remaining pdbés @hte were
added 10 pl of extract. Afterwards, was added 127.5 ul of buffel poals of plate. In the
following, 7.5 ul of ultrapure water was added in all pools of regionthereas 7.5 pl of
ABAP (4 mmol.LY) in the pools of region 2. Before the analysis was added 10 pCBHR-
DA (16 umol.L"). The fluorimeter Vitor 2 (Perkin Elmer, Massachusetts, EWgs
programed to maintain the temperature at 37°C and measure the #moest 485 nm
(excitation) and 520 nm (emission) in regular time intervals ofriut@s for 30 minutes. The
antiradical activity towards ROO(AAroo) Wwas calculated according to the following

equation considering the measure at 30 minutes:

FA B FAB)

AA ., = (1— ﬁ} x100 2)

where iz and g are the fluorescence of sample containing ABAP and fluoresagnaank
without ABAP, respectively. Thesfand kg are fluorescence of solvent containing BAP and

fluorescence of solvent blank without ABAP, respectively.

2.5.3. Hydroxyl radical scavenging activity
The scavenging activity dBrassica oleraceaar. capitata extracts toward hydroxyl

radical was determined by using the deoxyribose method with swoddications (Zhao et
al., 2006). FeGI6H20 and ascorbic acid were prepared in degassed deionized \watéo pr
use. The reaction tube contained 10of Brassica oleracea&ar. capitataextract, 10QuL of

1 mM EDTA, 100uL of 1 mM FeC}-6H20, 10QuL of 36 mM 2-deoxy-d-ribose, 100L of

10 mM HO,, and 10QuL of 1 mM Il-ascorbic acid in 25 mM phosphate buffer (pH 7.4), and
the total volume was made up to 1.0 mL with the same phosphate buttsringubation at

37 °C for 1 h, the reaction was stopped by adding 1.0 mL of 10% TGA &vd 1.0 mL of

1.0% TBA (w/v) in buffer phosphate (pH 7.4). The mixture was heated in a boiling wdter bat



66

for 15 min. Once samples were cooled, the final volume was adjust&dtmL with
deionized water, and the absorbance was read at 532 nm. The capabidyé¢nge the «OH

(AA.on) was calculated using the equation.

AA_, = (1—%} x100 3)

where S, § C, Gz are the absorbance of sample, blank sample, control and blank control,

respectively.

2.6. Statistical analysis
The statistical analysis was accomplished with the ANO¥#t toupled with the

Tukey test at a 95% confidence level using the software Statistica® 8.0.

3. Results and discussion

3.1. Obtainment of ¢pacts from Bassica oleracea var. capitata using supercritica} CO
Table 1 presents the extraction yield obtained in the superc/©a extraction of

Bassica olerace&ar. capitataat different conditions of temperature and presstine yield
ranged from 0.015 wt% to 0.47 wt% in the runs 4 and 2, respectively. diteen® statistical
difference (p<0.05) in the yield obtained at runs 2 and 5 as whil asns 1 and 3, whereas
the yield obtained in run 4 is statistically different ofralhs. Although the extraction yields
obtained in this study are low, the values are in good agreeménbtivér studies reported in
literature. Mossi et al. (2003) obtained maximum extraction yieldl.afl wt% using
supercritical CQ extraction to obtain extracts froMaytenus ilicifolig which justified that
the low yield can be compensated by the wide range of compoundstextidazutti, Mossi,

Cansian, Corazza, Dariva, and Oliveira (2008) used supercriti@atdCobtain extract from
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Peumus boldus/olina and obtained a maximum yield of 0.38 wt% corroborating wviéh t

results presented above.

Table 1. Extraction yields oBrassica oleraceavar capitata extracts obtained using

supercritical CQat different operational conditions

Run Temperature Pressure CO, Density Yield
(°C) (MPa) (kg.m™) (Wt%)
1 20 25.0 970 0.101+0.002
2 60 25.0 794 0.470+0.0122
3 20 10.0 865 0.159+0.006
4 60 10.0 286 0.015+0.001
5 40 17.5 823 0.447+0.022

abcgifferent letters represent a significant differeri€stimated from Angus, Armstrong, & Reuck (1976).

The increase in temperature at the lowest extraction pred€uidPa) led to a sharp
decrease in the extraction yield (10.6 times), which is due toasecd solvent density (865
to 286 kg.nt for temperatures of 20 and 60°C, respectively), decreasingliens power.
This led to the lowest yield among the runs. By other hand, opposeddrehas verified for
runs carried out at 25 MPa, where the increase of temperaagenped significant increase
(4.7 times) in the yield even with a lower variation in the solvensitie (970 to 794 kg.m
for temperatures of 20 and 60°C, respectively).

These opposite results are is due to the competition between tempgrapor
pressure of compounds of extract) and extraction pressure (solvent) ppwibe range
investigated. It is known that the solubility of compounds decreasds imireasing

temperature at low pressure (10 MPa) that, combined with low sakesisity, led to low
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yields. For pressures higher than 17.5 MPa, the change in the denisitgmwperature is less
expressive than for pressures of 10 MPa, in a manner that thas@drethe vapor-pressure
caused by the increase in the temperature is more importantiénaity of the solvent. This
statement is easily proven by comparing the yields of runsd25a(similar densities, but
temperatures of 60 and 40°C, respectively), which presented the hygdsino statistical

difference) with runs 1 and 3 (high densities, but low temperaiusdere the yields were

0.101 and 0.159 wt%, respectively.

3.2. Chemical characterizatm of supercritical CQ extracts of Brassica oleracea var
capitata

The extracts obtained in the five extractions runs extracts amalyzed with a gas
chromatograph interfaced with a mass selective detector.caimposition of the extracts
obtained in this work was expressed as percentage of normalized neeak \&hich are
presented in Table 2. It was possible indentify 13 compounds among theatesdeof fatty
acids, sulfur compounds, phytosterols and triterpenes. Run 2 was thetiextrsith the
highest number of compounds identified (13 compounds), followed by runs 3 (11
compounds), runs 4 and 5 (

8 compounds) and run 1 (7 compounds). The main compounds extracted were the
nonacosane and 15-nonacosanone (around 20% of total area). Other compounds as n-
hexadecanoic acid, sitosterol, campesterol, hexadecanoic acid meshtgt, 9,12-
octadecadienoic acid methyl ester, heptadecanoic acid methylpgesented intermediary
concentration (3-10% of total area).

Among the compounds extracted that present great pharmacologgrakt there are
the sulforaphane (Zhao, Moore, Redell, and Dash, 2007), iberin nitrtheyfFZalcmann, &
Talalay, 2001), sitosterol (Singh, 2013), campesterol (Yoshida & Niki, 20@8y-amyrin

(Vazquez, Palazon, & Navarro-Ocafa, 2012). The sulforaphane is the compdadlnthewi



69

highest scientific relevance in Brassica species, sinceaestedies reported its action as
antioxidant (Zhao, Moore, Redell, and Dash, 2007), anticarcinogenic (Zhan§, Tlang,
2005; Kensler, Chen, & Egner, 2005; Farag & Motaal, 2010). Another compound with
highlighted relevance is iberin nitrile due to the anticarcinogadiivity (Fahey, Zalcmann,

& Talalay, 2001). Both compounds were obtained only in the runs 1 and 2e e
extraction pressure was the highest (25 MPa). This finding caeldted to the solubility of
these compounds on supercritical {fat, possibility, increase with pressure. Sitosterol and
campesterol are components of phytosterol contained in vegetataetexhat are known to
exert antioxidant effects against lipid peroxidation and aldoaaca stabilizer in the
membranes (Yoshida & Niki, 2003). The sistosterol was obtained iex#athction runs,
mainly for runs 3 and 5 (around 9% of total area), which presenteldrssulvent density
(around 850 kg.i), whereas campesterol was obtained only in runs 1-3 that were the
conditions with the highest solvent densities. Tha@myrin is a pentacyclic triterpene that
have a number of biological effects (Vazquez, Palazon, & Navarrda)@012). This

compound was obtained in run 2, 3 and 5, which present in common a similar solvent density.
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Compounds - retention time (min.)/ normalized peak areas (%)*

Run
1 2 3 4 5 6 7 8 9 10 11 12 13
1 | 8.84/0.52 - - 14.01/4.04 - 15.55/1.8 - 16.06/0.42| 21.3/22.8 | 23.09/0.74 - 25.2/3.43 -
2 | 8.84/0.41| 10.37/0.27| 10.49/0.42| 14.01/0.47| 14.5/5.39| 15.01/1.8 | 15.6/6.7 15.9/9.52 | 21.3/13.37| 25.3/3.8 | 23.3/21.8| 25.2/3.8 | 28.5/0.75
3 - - 10.49/0.92| 14.01/0.53| 14.5/5.01| 15.01/2.17| 15.6/1.33 | 15.9/2.16 | 21.3/19.12| 26.0/9.0 | 23.3/20.1| 25.2/3.41| 28.5/1.15
4 - - 14.2/4.76 - 14.5/2.0 | 15.01/3.05| 15.55/14.7| 15.6/2.45 | 21.3/25.76| 26.7/1.18 | 23.3/24.7 -
5 14.5/3.7 | 14.02/0.22 | 14.5/3.7 | 15.01/0.88 | 15.55/0.4 21.3/19.8 | 26.7/9.26 27.5/0.43

1: Iberin nitrile; 2: sulforaphane; 3: hexadecanoic acid mettigk;e4: 9- hexadecanoic acid methyl ester; 5: n-hexadecanoicGadmeptadecanoic acid

methyl ester, 7: 9-Octadecadienoic acid methyl ester; 8: 9 cidi€cadienoic acid methyl ester; 9: Nonacosane; 10: sithstér 15-nonacosanone; 12:

campesterol; 13t-amyrin;

*Experimental errors in the chemical analysis were lower than 5%.
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The chemical profile obtained in this study is in good agreemehtdaia published
by Pefas, Pihlava, Vidal-Valverde, and Frias, (2012), which analyzedchamical
composition of extracts fronBrassica oleraceavar. capitata obtained by conventional
extraction and also reported the presence of sulforaphane and ibelen fhite method of
supercritical fluid extraction use a process free from tox@ues, does not cause thermal
degradation of the extracts and did not require large expenditurasefyegiving better
selectivity and efficiency in the process, once extracted compoalsds obtained by
conventional methods, which typically use chemical solvents, which kdsaieg toxic and

generate waste can degrade the constituents present in plants.

3.3 Antioxidant activity of supercritical G@xtracts of Brassica oleracea var capitata

The results concerning the antioxidant activity of supercritical, @&tracts of
Brassica oleraceavar. capitata are presented in Figure 1, where Figure la presents the
antioxidant activity towards superoxide radical, Figure 1b towardsxpleradical and figure
1c towards hydroxyl radical. From Figure la is seen thatxtraots obtained in the runs 2
and 5 presented the highest antioxidant activities against superadidal. Runs 1, 3 and 4
presented lower antioxidant activities in comparison runs 2 and 5.tReostatistical analysis
was verified that all samples are statistically differgx0.05). In Figure 1b, the extracts
obtained in the run 2 presented the highest antioxidant activity towsedseroxyl radical,
which is statistically different from the others (p<0.05). In Feglic, the extracts obtained in
the run 2 also presented the highest antioxidant activity towardhydinexyl radical, which is
statistically different from the others (p<0.05).

An important aspect to be mentioned from the analysis of resutsmesl in Figure 1
is the fact that depending of the extraction condition used (tetnperand pressure) was

verified different antioxidant activities towards the three r@di¢ested, which are a strong
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indicative that the differences in the chemical composition ledliff@erent antioxidant
activities. The highest antioxidant activity of samples 2 and Sh®rsuperoxide radical in
relation to the other can be due to higher extraction yield, exigaet great number of
compounds. Another reason would be the fact that the sample 2 is theoadifion that
extracted the compound sulforaphane, which has high antioxidant actiregdyaproven in
the literature, and despite being at lower concentrationstiieaother compounds showed

higher antioxidant activity (Zhao, Moore, Redell, & Dash, 2007).
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Figure 1. Antioxidant activity of supercritical Cextracts oBrassica oleraceaar capitata
obtained in the five runs towards superoxide radical (a), perogidala(b) and hydroxyl

radical (c)2“%“different letters represent a significant difference.

Another class of compounds that justifies the higher antioxidantcitapaf the

samples 2 and 5 is the class of phytosterol (Sitosterol and damgbeswhich also have
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antioxidant activities (Yoshida & Niki, 2003; Singh, 2013). When compared tattier

samples (1, 3 and 4), sample 5 also was verified considerableidamibactivity, which is
consistent with the results previously obtained in this work (yield cdramically). This
sample did not present the compound sulforaphane in its constitution, but whesreono

other samples presented a greater amount of sitosterol (9.28%6)d svhich has proven
antioxidant activity in literature Singh (2013), which becomes aoredor its greatest
inhibitory capacity along with sample 2.

The sample 1 showed prooxidant activity against the hydroxyl rgalichhbly due to
lack of fatty acids, which were present in other conditions of thercuifpEal extraction.
Furthermore, the hydroxyl radical presents half-life so short (ab6lsdébnds) which makes
hard the scavenging of this radical by the compounds in thecextrathis way, the
compounds should have a higher inhibitory action to scavenge hydroxghalraghen
compared to other reactive oxygen species.

The data were statistically analyzed by Tukey test, wheran be seen a statistical
difference of sample 2 in comparison with the others, but theseneeistatistically different
from each other. Samples 2 and 5 had the best yield and antioxdwity adue to the
presence of a greater range of compounds which were charatteyiZeC-MS, thus more
detailed investigation would fit around these conditions of extractioBrasica since
already been proven in the literature anticarcinogenic and afdmxiaction of these
compounds (Zhang, Li, & Tang, 2005; Kensler, Chen, & Egner, 2005; Fariptéal,
2010). As is known, some degenerative diseases are associategradtittion of free
radicals in the body. Once the supercritical extraction showgambd inhibitory capacity of

the radicals can come as an alternative to preventing these pathologies.
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4. Conclusions

In this work were presented experimental data concerning thecstipal CO;
extraction of bioactive compounds froBrassica oleraceavar. capitata as well as the
chemical characterization and the antioxidant activities of etkieacts towards peroxyl,
superoxide and hidroxyl radicals. The highest extraction yieldobtsned under 60°C and
25 MPa, which was 0.47wt%. From the characterization of the extiataged was possible
the identification of 13 compounds, which the presence of sulforaphane andnibtrde are
the most relevant due to their biological properties already expaortliterature. The extracts
of all runs presented antioxidant activity towards the three fdadimat the highest activity for
all radicals was using the extracts obtained in the run 2, poskiblyo the presence of above
mentioned compounds. The use of supercriticad €&@raction to obtain bioactive compounds
of Brassica oleraceaar. capitatashowed to be a promising alternative to a conventional
extraction methods, since allowed the extraction of compounds witftiBci@nd industrial

interest.
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ABSTRACT

In this work, the antioxidant and antimicrobial activitiesBs&ssica oleraceaar. capitata
extracts obtained through ultrasound-assisted extraction weretedallibe extracts obtained
using the best extraction conditions were submitted to differenblygis conditions before
their use in the biological tests. The crude and hydrolyzedotxtweere characterized using
gas chromatography coupled with a mass detector. The use asfoultid enabled a richer
extract to be obtained at 30°C with 60 wt% solvent. All extractsemted antioxidant
activities toward DPPH, superoxide and peroxyl radicals, but thefusgdrolyzed extracts
considerably improved the antioxidant activities. Antimicrobialvitets were only detected
for the hydrolyzed extracts @rassica oleraceaar. capitata The main contribution of this
work was demonstrating that the hydrolysis of extracts can eatth@@ntioxidant activity of

extracts from vegetables matrices.

Key-words: Brassica oleraceavar. capitatg ultrasound-assisted extraction, hydrolysis of

extracts, biological activity.
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1. Introduction

Brassica sp are one type of vegetable that are of pharmacological shtbezause
several studies have revealed that they exhibit anti-inflamgpat@ntimycotic,
photoprotective, antihyperglycemic, anticarcinogenic and antioxidawttiast [1-3]. Among
the variousBrassica species, Brassica oleraceavhr. capitata (cabbage) has been widely
studied because of its biological activities [4].

Several authors have reported the antioxidant activities of extwbBrassicaagainst
different radicals. Among the methods for testing radicals, the ftfedyl-2-picrylhydrazyl
(DPPH) assay provides basic information about the antiradicalitactif extracts. This
procedure has been widely used to evaluate the antiradicalyaofigiéveral plants because it
is considered to be an easy, precise and reproductive test fortienpltee antioxidant
activities of extracts, including extracts Bfassica sp[5-7]. The antioxidant potential of
Brassicaextracts against superoxide radicalg {Owhich can cause indirect damage because
they lead to the formation of hydroperoxides through the autoxidatiamsaturated fatty
acids, was also investigated [5, 8-9]. However, the us8ra$sica extracts against the
peroxyl radical (ROQ, which is an important intermediary in lipid peroxidation, has not
been remarkably considered. Specifically, Zhou and You [10] evaluhtedsdavenging
activities of vegetables, including broccoli and kale, against HRROO) and (Q"),
whereas Ou et al [11] determined the antioxidant activity otevbabbage and broccoli
extracts against peroxyl radicals.

Extracts ofBrassicaare also used as antimicrobial agents. The antibacteriatyctivi
ethanol, methanol and acetone extracts obtained Boassica oleraceavas investigated
against Salmonella abony Pseudomonas aeruginosa, Listeria monocytogenasd
Enterococcus faecalifl2]. Blazevic et al. [13] tested the antibacterial activityagtieous

extracts ofAurinia sinuate(L.) Griseb. (genus of flowering plant familyBrassicaceae)
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against Staphylococcus aureus, Bacillus cereus, Clostridium perfrigens, Enterococcus
faecalis Micrococcus luteus, Aeromonas hydrophila, Chryseobacterium indologenes,
Enterobacter sakazakii, Enterobacter cloacae, Escherichia coli, Kl&bsmeumoniae,
Pseudomonas aeruginosa, Pseudomonas luteal®ibrio vulnificus.

However, the biological activity of extracts obtained from plantigseis related to
the extraction method because each method affects the seleatitlity compounds. In this
way, novel extraction techniques, such as the ultrasound-assisted nmeth@dheen used to
obtain plant extracts. The use of ultrasound can increase aelli@struction, cause leakage
of cellular material, enhance the penetration of solvent into plant cellgatadhydration and
swelling, and improve mass transfer. These phenomena can int¢heasxtraction of
antioxidants while significantly reducing the extraction time, thogproving overall
efficiency. Ultrasound-assisted extraction (UAE) is versaihd can be performed on small
and large scales [14-16].

Therefore, the objective of this study was to evaluate thexaaint and antimicrobial
activities of Brassica oleraceavar capitata extracts obtained using ultrasound-assisted
extraction. First, the extraction conditions were optimized, and thenextracts were
submitted to different hydrolysis conditions before their use in thledical evaluations. The
crude and hydrolyzed extracts were characterized using gasatography coupled with a

mass detector (GC-MS).

2. Material and methods
2.1. Chemicals

Sodium hydroxide, HEPES, ABAP 2,2'-azobis (2-aminodinopropane hydroch]oride)
DCFH2-DA (2',7'-dichlorofluorescin), xanthine oxidase (XOD) 25UN, hyptixiae (HPX),

nitro tetrazolium blue chloride (NBT) and DPPH (1,1-diphenyl-2-pigrgthzyl) were
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obtained from Sigma-Aldrich. Dimethyl sulfoxide (DMSO), potassiwhloride and
magnesium chloride were obtained from Isofar® (Rio de Janeiroijl)Bidadium carbonate
was obtained from Merck. Ethylene diamine tetra acetic adl /& was obtained from
Nuclear® (Brazil). Ultrapure water was obtained from a Mijlisystem UV Synerg
(Millipore SA, Molsheim, France). The solvents methanol, acetonitide anhydrous
ethanol, all of HPLC grade, were obtained from the Tedia Comp&ityA).The
microorganisms used in the tes&tagphylococcus aureuSTCC 29213 andescherichia coli
ATCC 14948) were obtained from the Laboratory of Immunobiology and Molkecula

Glycobiology, Federal University of Vicosa - MG.

2.2. Samples
Brassica oleracea var. capitataas dried in an oven with air circulation at 60°C for

72 hours, according to Tanongkankit et al. [17]. Next, the materglgnaund in a slicer and

stored at room temperature under a nitrogen atmosphere prior to extraction.

2.3. Ultrasound-assisted extraction
Experiments were performed in a reactor with a thermostaiervibath (temperature

accuracy of £1.0°C). The experimental setup consists of an ultrabatiic(Unique Inc.,
model USC 1800A, Brazil, BR) equipped with a transducer with longituslibedtions. The
ultrasonic unit has an operating frequency of 40 kHz and a maximeothuktasound power
output of 132 W. The ultrasonic transducer (surface area of 283)dscfitted at the bottom
of the bath horizontally along the length of the bath.

For the optimization of the extraction conditions, a central compagagonal design
(CCRD) for two independent variables was conceived to evaluate thenoé¢ of the ethanol

concentration (wt%) and temperature on the extraction. [I8ple 1 presents the range
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investigated for each independent variable. The extractions wefernped using an
Erlenmeyer flask containing 2 g of dry material and 10 mL ofcareaus solution of ethanol
in the ultrasonic bath for 120 minutes. The same experiment was performed intduplibe
presence and absence of ultrasound irradiation for comparison. In thrs {h&@pessponse
evaluated was the sum of the area of all compounds identifielPh¢. For comparison, one
extraction was performed by substituting ethanol with methanol in dpgmized

experimental conditions because there is a difference in the polarity ofwleselvents.

2.4. Hydrolysis of the crude extracts

The hydrolysis of the crude extracts (methanolic and ethanoliainelt using the best
experimental conditions of the previous step were performed follothimgnethod proposed
by Robbins et al. [19] with some modifications. Acid hydrolysis coegisf treating 2 mL of
the crude extract with 1 mL of HCI (2M) and then heating theurixto 95°C for 1.5 hours.
Alkaline hydrolysis consisted of treating 5ml of the extrathws mL of an alkaline solution
(2 M NaOH, 10 mM EDTA, and 1% ascorbic acid). The reaction mixt@® maintained at
30°C under stirring for 30 minutes. Next, the pH was adjusted to 3@ asi 8M HCI
solution, and extraction with ethyl acetate (two 5-mL portionshgusonication for 20
minutes was performedrganic solvent was removed using a rotary evaporator. The solid
residue was re-suspended in 2 mL of methanol and filtered (padizée 0.22 pum;
polyvinylidene fluoride). Prior to testing for antioxidant and laatierial activities, these

extracts were neutralized.

2.4. Chromatographic analysis
In the extraction step, high performance liquid chromatograghyLC) was

employed to separate the compounds according to the method propdsasohbget al. [20]
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with some modifications. For this purpose, a HPLC Dionex (model P680Vis\detector
UVD-170) equipped with a column ODS-18(250X5 um,) using aC@MNHH,O 15:85 mixture
as the eluent was used. A flow rate of 1.0 mL/ min, wavelengthsr&#1@%4 nm and a total
run time of 15 min were employed.

The identification of compounds present in the crude and hydrolyzecctextwas
performed only for the optimized run of the experimental desigrih@nelic and ethanolic
extracts) using gas chromatography coupled with a mass detectdd8rT-he extracts were
analyzed with a gas chromatograph (HP 6890) interfaced with asekssive detector (HP
5973) with an automatic injection system (HP 6890) using a capitdeynn HP-5MS (30 m
x 0.32 mm x 0.2pbm).Helium was the carrier gas with a flow rate of 2 mL/iaira pressure
of 5.05 psi and electronic impact mode of 70 eV. Samplesuofwkere injected at a 250°C
interface temperature with the following column temperature gnagirogramming: 70°C (1

min), 12°C/min up to 280°C.

2.5. Antioxidant activities of extracts

2.5.1. Radical DPPH scavengingtaty
The analytical method to measure the radical-scavenging atgiactivity of crude

and hydrolyzed extracts &@rassica oleracea var. capitatagainst DPPH radical was based
on the addition of 1500 pL of extract to a 1480 pL of a DPPH solution 28ugL of
hydroethanolic solution. A blank assay was performed using 1500 pL ydraethanolic
solution instead of the extract. The resulting solution was maidtaihesst for 30 minutes.
Then, the absorbance of samples was determined at 522 nm in ansB4538 Hewlett-
Packard spectrophotometer (Agilent Technologies, Santa Clara,). UB% antiradical

activity toward DPPH (Afppy) Was calculated according to the following equation:
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AA oy = ( Aoppn- (A_ As )] x100

Aoepi (1)

where Appn A and As are the absorbance of DPPH solution, sample and blank, respectively.

2.5.2. Superoxide radical anion {0 scavenging activity

The antiradical activity ofBrassica oleraceavar. capitata extracts obtained by
extraction using supercritical Gdward Q™ radicals was evaluated by the enzymatic system
HPX/XOD. For this purpose, 100 of EDTA (30 mmol.L %), 100puL of HPX (3 mmol.Lh)
and 200uL of NBT (1.42 mmol.[*) were mixed with 10QL of extract. After 3 minutes, 100
uL of enzyme XOD (0.75 U.mit, diluted in phosphate buffer) was added. The final volume
of the solution was brought to 3 mL with phosphate buffer (0.05 mopH 7.4). The blank
sample was prepared in the same manner but without the presenBd.oAdditionally, a
control test was performed containing all reagents with the sobmptoyed in the samples
and a blank control. After 40 minutes of reaction, the absorbance ofathples was
measured in an UV-Vis 8453 Hewlett-Packard spectrophotometere(dgllechnologies,
Santa Clara, EUA) at 560 nm. The antiradical activity towasd (BAo».) was calculated

according to the following equation:

e

where A and A are the absorbance of the sample and blank, respectively, and G anel C

the absorbance of the control and blank control, respectively.
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2.5.3. Peroxyl radical anion (ROPscavenging activity

The antiradical activity ofBrassica oleracea var. capitatextracts obtained by
extraction using supercritical G@oward ROOradicals was evaluated using the fluorimetric
method withDCFH2-DA as a substrate. A plate containing 96 welsswadivided into two
regions: the first region corresponded to the lines A, B, C, and Dthendecond region
corresponded to lines E, F, G and H. The first three wells ofregatn were used to add 10
pl of solvent to the samples. In the remaining wells of the plfétgyl of the extract was
added. Then, 127.5 pL of buffer was added to all wells of the platee@ubdly, 7.5 ul of
ultrapure water was added to all wells of region 1, whereas| BEABAP (4 mmol.L'") was
added to the wells of region 2. Before the analysis,10 pl of XBA (16 pmol.Lwas
added. A Vitor 2 fluorimeter (Perkin Elmer, Massachusetts, USA$ wrogrammed to
maintain the temperature at 37°C and to measure the fluoresc¢eff® ram (excitation) and
520 nm (emission) in regular time intervals of 5 minutes for 30 t@$nulrhe antiradical
activity toward ROO (AAroo) was calculated according to the following equation
considering the measurement at 30 minutes:

AA, :(1——(FA - I:*\B)jxloo

o0 _ FSB)

where lz and Fg are the fluorescence of the sample containing ABAP andubesficence
of the blank without ABAP, respectively, and &d kg are the fluorescence of the solvent

containing ABAP and the fluorescence of the solvent blank without ABAP, respgctivel

2.6. Antibacterial activities (S. aureusdE. coli) of extracts
The antimicrobial activity of crude and hydrolyzed extractBafssica oleraceaar.

capitatawas determined using the antibiogram with solid disks methodologyeXtnacts

were resuspended in the same extraction solvent (methanol or etltaaatpncentration of
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100 mg/mL.Staphylococcus aureTCC 29213) andEscherichia col(ATCC 14948) were
inoculated in agar mueller hinton liquid medium (tryptone 10 g/L,tyedsact 5 g/L, and
NaCl 5 g/L) and kept in an oven maintained at 36 + 2°Cfor 24 hours. Aste@asintrol for
S. aureusand E. coli, erythromycin (1Qg/uL) and ciprofloxacin (0.1 pg/pL), which were
applied in the same plate, were used, respectively. The amtinatactivity of the solvents
(negative control) was also determined. The degree of sensitivityesistance of a
microorganism was determined by measuring the size of the pbiies antimicrobial effect

(size of halo formed). Samples were examined in duplicate against eaciubacter

2.7. Statistical analysis

The statistical analysis was accomplished using ANOVA cdupith the Tukey test

at a 95% confidence level using the software Statistica® 8.0.

3. Results and discussion

3.1. Ultrasound-assisted extractions
The process variables studied in this work were temperatutbg irange of 30-70°C

and ethanol concentrations in the range of 20-100 wt%. All expesmere performed in
the presence and absence of ultrasound irradiation. Table 1 ptegergsults obtained in the
CCRD concerning the total HPLC area of all compounds separatde isample, which
ranged from 35.44 to 237.90 unit area and from 46.71 to 494.25 unit area in the arsknc
presence of ultrasound, respectively. Considering the mean value dbiitree 11" run,
significant differences (p<0.05) were detected between the amobtaimed in the absence
and presence of ultrasound because the mean values were 132.9 and 19&@aunit

respectively.
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Table 1
Experimental conditions used to compare the presence and absencasouuld in terms of

HPLC areas after 120 minutes.

Run Temperature Ethanol HPLC HPLC Area increasing (%) using
(°C) (Wt%) Areays Area usS
(mAu min)  (MAu min) |100 — {[(Area/Areas)] [

100}

1 36 32 177.81 107.75 394
2 64 32 198.99 105.90 46.8
3 36 88 174.51 73.81 57.7
4 64 88 158.17 67.57 57.3
5 30 60 494.25 237.90 51.9

6 70 60 231.89 186.87 19.4

7 50 20 118.87 74.62 37.2

8 50 100 46.71 35.44 24.1

9 50 60 167.33 126.86 24.2

10 50 60 184.39 142.43 22.8

11 50 60 164.59 137.44 16.5

Fig. 1 presents the extraction profiles in presence and absentteasbund in terms
of the normalized HPLC area. The right y-axis shows the naethiHPLC area for both
experimental sets, black for ultrasound extraction and gray withtrasolind, whereas the
left y-axis indicates the increase or contribution (white dottddnen) in percentage when
ultrasound was applied. For all runs, a positive effect of ultrasourmbrparison with
conventional extraction (maceration) is clearly observed, whickepted a general mean of

approximately 36.1+15.5% considering the 11 runs.
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Fig. 1. Comparison between use and absence of UBramsicaextraction after 120 minutes

(right Y axes) and the contribution/increasing of the US (left Y axes).

Note that the ultrasound effect can be associated with an iadredse mass transfer
process during the reaction through the formation of cavitation bubblesh whivide an
important benefit of opening up the surface of solid substrates. qerde, at lower
temperatures, the energy provided by the ultrasound process pensiéde for the
improvement in the extraction rates, but at higher temperaturesthénmal energy is
sufficient, the ultrasound exhibits a positive effect on the extraction runs.

Based on the results presented in Table 1, the experimental ultrasmditions for

the extraction of bioactive compoundsBrassica oleraceaar. capitatawere verified in run
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5 (30°C and 60 wt% of ethanol) in the presence of the ultrasound. Consiithsingsult, one
additional extraction was performed in which ethanol was substivitednethanol, and the
unit area of the extracted sample was 330.5 unit area. For theifal steps, only the crude

and hydrolyzed extracts obtained using methanol or ethanol were considered.

3.2. Gas chromatography—mass spectrometry analysis of Brassica oleraceapitatac
extracts

The crude and hydrolyzed extracts Bffassica oleracea var capitatabtained by
ultrasound-assisted extraction (at 30°C and 60 wt% of ethanol or mgtinaarel analyzed
with a gas chromatograph interfaced with a mass seleatieetdr. The composition of the
extracts obtained in this work was expressed as the perceffitdgeermrmalized peak areas,
which are presented in Table 2. It was possible to identify 10 compoumzdading
derivatives of fatty acids, sulfur compounds and glycosides. The crude ethartbewsasple
with the highest number of identified compounds. Desulfosinigrin andiecaaoic acid are

among the compounds of interest.



Table 2

Chemical profile of crude and hydrolyzed extractBrssica oleracea var capitatbtained by ultrasound-assisted extraction.

95

Solvent extract

Compounds- retention time (min.)/ normalized peaasa (%)

pentanoic 2-furancarbox- L-glucose phenol ethyl-d- desulphosinigrin B-D- D-manose  Hexadecanoic Octadecanoic
acid Aldehyde glucopyranoside glucopyranose Acid acid
Ethanol crude - - 7.78/49.00  10.32/9.43 - 11.703.0  12.24/1.05 12.41/2.00 - 19.84/11.64
H* 5.15/5.75 7.16/61.10 - - 11.37/8.52 - - - - -
OH - - 11.82/13.00 - - 10/18.95 - - 14.45/3.35 -
Methanol crude - - 7.47/0.50 - - - - 12.5/0.75 -
H* - 7.16/35.10 - - 10.9/41.50 - 11.2/2.50 - - -
OH - - - - - - - - 14.45/4.77 -
H* :acid OH : alkaline
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Although flavonoids, which are usually foundBmassicasp., were not determined in
the extracts, a significant amount of glycosides, which aseceaged with flavonoids and
phenolic acids, were found. The presence of these glycosides can be indicatiyeres¢nee
of flavonoids in the sample. The hydrolysis of the extracts ledffereinces in the chemical
profiles of the samples. For example, in both of the acid hydrolyzealces, the presence of
2-furancarboxaldehyde, which is a degradation product formed duenactti hydrolysis of
glucose, was detected. In addition, in these same samples, tlemceres ethyla-D-
glucopyranoside, which is a compound with a positive effect on thergirewef skin barrier
disruption [21], was detected. In the crude and alkaline hydrolyzedatithaxtracts, the
presence of desulfosinigrin, which is a glucosinolate, was observedd@umg the content
of fatty acids present in the extracts, hexadecanoic acidhgasotmpound with the highest
concentration, 3.33 and 4.77% in samples 5 and 6, respectively. Fatty aesitpr

antioxidant [22] and antimicrobial activities [23], which were also evaluatéus study.

3.3. Antioxidant activity of ultrasound extracts of Brassica oleracea var capitata
Table 3 presents the results concerning the antioxidant actieftiise crude and

hydrolyzed extracts oBrassica oleracea var capitatabtained using ultrasound-assisted
extraction (at 30°C and 60 wt% of ethanol or methanol) toward DPRBH,a@d ROO
radicals. All samples presented antioxidant activities, which cafigen 13.0 to 80.0, 35.2 to

63.1% and 89.3 to 99.5% toward DPPH;, @nd ROCradicals, respectively.



Table 3

Antioxidant activities of crude and hydrolyzed extractsBofssica oleraceavar capitata

obtained by ultrasound-assisted extraction.

Solvent Extract DPPH (%) 0, (%) ROO (%)
extraction

Ethanol Crude 13.0 + 0% 35.6x 4.6' 98.6x0.1°
Acid hydrolysis ~ 74.0 + 33 45.3+2.9 98.5+0.3
Alkaline 70.8+2.1° 55.1+ 4.1 99.5+0.f

hydrolysis
Methanol Crude 14.0+ 06 61.1+ 5.6" 97.4+0.2
Acid hydrolysis 78.9+ 3" 35.2+ 3.6 97.8 0.2
Alkaline 80.0x 4.0™ 63.1+ 3.2 89.3+2.8

hydrolysis

abedelgignificant difference at 95% (p<0.05 — Tukey Test)

Concerning the antioxidant activities toward DPPH radicals, ltahrethanolic and
ethanolic hydrolyzed extracts presented higher activitiesthieaorude extracts. These results
were statistically evaluated using the Tukey test (p<0.05), lmmdhydrolyzed extracts for
both methanolic and ethanolic fraction did not present significant eiféers, even though the
hydrolysis process was different.

For the Q" radical, the crude methanolic extract presented a 1.7-fold higher
antioxidant activity than the crude ethanolic extract, which wasifgiantly different
(p<0.05). This result indicates that the solvent used in the aatrdwas an influence on the
antioxidant activities of the extracts, consistent with the teslitained by Zhao et al. [24],

who reported that extracts from the barley variety using 80% matpassessed the highest
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O2e-scavenging activity, followed by water, 80% acetone, and 80%n@ extracts. The

hydrolysis of ethanolic extracts presented higher activities tha crude extract; however,
the acid hydrolysis extracts presented a lower activity #fleadine hydrolysis extracts, with

the results being statistically significant (p<0.05). For théhamlic extracts, the acid
hydrolysis extract presented a lower activity than the cextlact, but the alkaline hydrolysis
extract presented a similar activity as the crude extvewére no significant difference was
detected for the crude and alkaline hydrolyzed extracts.

The crude and hydrolyzed extracts Bxfassica oleracea var. capitatabtained by
ultrasound-assisted extraction toward RO@dicals presented the highest antioxidant
activities, which ranged from 89.3 to 99.5%. Only the alkaline hydedlynethanolic extract
presented a significant difference over the other extracts. Gheirthibitory activity against
ROQ radicals verified in all the tested extracts can be atatht the fact that this radical is
less reactive than the other extracts that have been sf@8jednother possibility is related
to the high concentrations of the extracts (20%).

Vrchovska et al. [8] evaluated the antioxidant activities of aqueatrmces of
Brassica oleracea var. costatataward DPPH and ©radicals and found inhibitory activity
for these radicals. The antioxidant activitiesBoéssica oleraceapecies (white cabbage and
broccoli) obtained using different extraction methods, such as acetoereb0s50 v/iv [11],
water  extraction+thexane  extraction [26] and hexane/dichloromethariel (
v/v)+acetone/water/acetic acid (70:29.5:0.5 v/v/v) [27], also presentgidiasttoward ROO
radicals. Podsedek [28] reported that the contributidBragsicavegetables for better health
may be related to their antioxidant capacity.

Although several works have reported on the antioxidant activities cHcextfrom
different species dBrassicaobtained using different extraction methods, there is no common

ultrasound method to obtain hydrolyzed extracts; however, this paper deatexhshat the
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hydrolysis process can considerably improve the antioxidant &diwf the extracts [5, 7].
For example, the antioxidant activity toward DPPH radicalsess®d from 13% to
approximately 72.0% after the hydrolysis of the extracts. Alairtrend was observed for the
O" radical, which increased from 35.6 to 56.1 after the alkaline hygisobf the extracts. In
this sense, the main contribution of this work was demonstratingthkeahydrolysis of

extracts can considerably enhance the antioxidant activity of extractyégetable matrices.

3.4. Antimicrobial activity of crude and hydrolyzed extracts of Brassica oleracea var aapitat

The antimicrobial activity of the crude and hydrolyzed extrgatgethanolic and
ethanolic) was determined against Gram-posi8t@phylococcus aurewand Gram-negative
Escherichia coli.Table 4 presents the experimentally determined antimicrobiitest of
the extracts obtained in this work. Only the hydrolyzed extrpotsented antimicrobial
action, where the alkaline-hydrolyzed extracts presented actiansagacherichia coli
whereas forStaphylococcus aureusnly the acid hydrolyzed methanolic extract presented
action; however, the inhibitory halo cannot be considered as antimicrobialyalséeause the
activity is considered only for a ha®mm [29].

The result obtained in this study is in good agreement with tbeatlire; Gram-
positive bacteria are more resistant than Gram-negative onaadeethey have thicker cell
walls, presenting a thickness ranging from 20-80 nm, whereas @gative bacteria present
a maximum value of 20 nm [30]. Other authors have also evaluatedtiimeceobial activity
of Brassicavegetable extracts. Ayaz et al. [31] evaluated the antimidraumitivity of
methanolic extracts drassica oleraced.. var.acephala same antimicrobial procedure and
microorganisms employed in this work and verified that the expesented better action

againstStaphylococcus auretisanE. coli.
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Table 4

Antimicrobial activities of crude and hydrolyzed extractBadssica oleracea var capitata

obtained by ultrasound-assisted extraction.

Halos folS. aureugnm) Halos forE. colimm)
Solvent Extract
_ 1:1 1.2 14 18 1:1 1:2 1:4 18
Extraction
Ethanol Crude 00 00 00 00 00 00 00 00

Acid hydrolysis 00 00 00 00 00 00 00 00

Alkaline hydrolysis 54 00 00 00 6303 00 00 00

Methanol Crude 00 00 00 00 00 00 00 00
Acid hydrolysis 45,07 00 00 00 00 00 00 00
Alkaline hydrolysis o5 g9 00 00 85145303 00 0.0
No solvent Positive control 25.0 nd nd Nd 18.0 16.0 nd nd

nd — not determined

As verified from the antioxidant activities of the extracts, ligdrolyzed extracts of
Brassica oleraceavar capitata presented higher antimicrobial activities than the crude
extracts. This result can be attributed to a differencedrchiemical profiles of the samples of
the crude and hydrolyzed extracts, as shown in Table 2. For exaaiizkne hydrolysis
enabled the identification of hexadecanoic acid, which presents enuimal activity [23],
justifying the highest antimicrobial activity of this extradnother possibility for the better
performance of the hydrolyzed extracts is because thecgatrgprocedure used in this work
can extract many glycoside compounds, which can present greawgy dban the crude

extracts after hydrolysis.
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4. Conclusions

In this work, we presented experimental data concerning the optionizaf the
ultrasound-assisted extraction oBrassica oleracea var capitata the chemical
characterization of crude and hydrolyzed extracts and the detgiom of antioxidant and
antimicrobial activities of crude and hydrolyzed extracts. exliracts presented antioxidant
activities toward DPPH, © and ROO radicals, but the use of the hydrolyzed extracts
considerably improved the antioxidant activities. Antimicrobialvitets were only detected
for the hydrolyzed extracts &rassica oleraceaar capitata The main contribution of this
work was demonstrating that the hydrolysis of extracts can eahlaea@ntioxidant activity of

extracts from vegetables matrices.
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7 DISCUSSAO INTEGRADA

A atividade biolégica de extratos, obtidos a partir de espéaeplahtas, esta
diretamente relacionada com o método de extracdo utilizado, uma veadgumétodo afeta
a seletividade dos compostos extraidos. Em relacdo aos resultteiestes a atividade
antioxidante dos extratos &eassica oleraceaar. capitataobtidos por extracdo supercritica,
de maneira geral, todos 0s extratos apresentaram acdo anteXmdat¢ aos trés radicais
testados. Embora, tenham tido comportamentos distintos, ou seja, maaoeinibicdo da
acao radicalar. Tal fato esta relacionado com reatividadeadi® @adical, aliado a isso, a
composicao quimica de cada extrato é fundamental para ter maior ou menor atividade.

A utilizacdo deste método alternativo de extracdo possibilitou engdd de uma
composicdo quimica diferenciada em relacdo a extracdo possolina uma vez que o
primeiro conseguiu extrair compostos como sulforafano, que possui elevadiade
antioxidante ja comprovada na literatura (ZHAO et al., 2007), alépogostos da classe
dos fitoesterdis como sitosterol e campesterol. Os quais tangm&suem atividade
antioxidante reportada na literatura (YOSHIDA; NIKI, 2003; SIN@A13). Resultados ja
discutidos, de forma mais embasada, no capitulo 2 da presente dissertacéo.

Na extracdo deBrassica oleraceavar. capitata assistida por ultrassom todos os
extratos apresentaram atividade antioxidante frente aos ramistsdos. Porém, a submissao
a condicdes de hidrolise &cida e alcalina dos extratos melhormideravelmente essas
atividades. Em relacdo a composicao quimica, conseguiu-se artréatal de 10 compostos
incluindo derivados de acidos graxos, compostos de enxofre e glicosiésaffoginigrina e
acido octadecandico estdo entre os compostos extraidos de maioséntarésdrolise dos
extratos levou a diferencas nos perfis quimicos das amostraspsequentemente na
atividade bioldgica, conforme descrito acima.

Em relacdo a atividade antibacteriana, as amostras extrapidlasESC né&o
apresentaram atividade, ja em relagdo as amostras obtidadtipssom, somente uma
amostra, que foi submetida a condi¢cao de hidrdlise alcalina apreseatwérente &. coli.
Embora os dois artigos tenham abordado aspectos distintos da plasgja,0&SC para
compostos apolares e extracdo assistida por ultrassom para conpptates. Fica evidente
que a utilizacdo de extracdo com CO2 supercritico mosteee® uma alternativa

promissora em relacdo a métodos de extracdo convencionais, uma perjtia a extracao
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de compostos com interesse cientifico e industrial. Este tradalmonstra que o tipo de
extracdo teve uma grande influéncia no contéudo fitoquimico, capaadédgidante e

atividade antibacteriana para a espéciBrdessica oleraceaar. capitata.
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8 CONCLUSOES

» Otimizou-se a extracdo drassica oleraceaar. capitatacom CQ supercritico, sendo
gue a melhor condicdo de extragdo foi na temperatura de 60%fesséo de 25 MPa,

obtendo-se um rendimento de 0,47% (m/m).

» Otimizou-se a extracdo d&rassica oleraceavar. capitata por ultrassom, e a melhor
condicdo de extracdo foi de 30°C e 60% (m/v) de etanol, os quais $atanetidos a

condicdes de hidrolise acida e alcalina.

» Os extratos obtidos com G®upercritico e por ultrassom foram caracterizados por CG-
MS, e obteve-se para a primeira extracdo compostos de enxofoesatforafano e iberin
nitrila, fitoesteréis como sitosterol e campesterol, terpeno® eeamirina, aléem décidos
graxos. Para os extratos obtidos por ultrassom, obteve-se compostogotte eomo
desulfosinigrina, acidos graxos como acido octadecandico e glicosideos.

» Os extratos deBrassica oleraceavar. capitata, obtidos com C@ supercritico
apresentaram atividade antioxidante frente aos radicais super@xid lfidroxila (HOs), e
peroxila (ROOQe).

* Os extratos brutos e hidrolisados Beassica oleraceavar. capitata, obtidos por
ultrassom apresentaram atividade antioxidante frente aos rasliggigdxido (@), radical
peroxila (ROQOe) e radical DPPHporém os extratos hidrolisados apresentaram acao

consideravelmente superior em relacdo aos extratos brutos.

» As amostras extraidas por ESC ndo apresentaram atividadectamidme, em relacdo as
amostras obtidas por ultrassom, apenas uma amostra, que foi submetiddigé@io de

hidrélise alcalina apresentou acéo frenke aoli.
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