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RESUMO

Virios estudos tém demonstrado que o consumo de frutas estd associado a redugdo nos
indices de doengas neurodegenerativas, cardiovasculares e cancer. Embora diversas
frutas in natura e compostos isolados de frutas ja tenham sido estudados, existem
poucos dados acerca da composicao e atividade bioldgica de frutas congeladas, as quais
tem sido amplamente utilizadas pela populagdo no preparo de sucos e, também, como
matéria-prima pelas industrias de alimentos. Em vista disso, este trabalho teve como
objetivo avaliar a composi¢ao, a atividade antioxidante, mutagénica e antimutagénica de
23 polpas de frutas congeladas. Foram avaliados os teores de carboidratos, lipidios,
proteinas, vitamina C, polifendis totais, carotendides e minerais de todas as frutas. A
atividade antioxidante foi determinada através da capacidade de varredura do radical
livre 1,1-difenil-2-picrilhidrazil (DPPH") e atividades superéxido dismutase e catalase-
like. Para a polpa de acai, foram realizados, também, ensaios em homogeneizados de
cérebro de ratos Wistar. Para avaliacdo da atividade mutag€nica e antimutagénica,
utilizou-se a linhagem XV185-14C de S. cerevisiae, que permite a deteccdo de dois
tipos de mutagdes, revertentes locus especifica e mudanca na leitura do quadro genético
(frameshift). Conforme o esperado, as polpas apresentaram baixos teores de lipidios e
proteinas (auséncia ou inferior a 1 mg%). O coco foi a tunica fruta com valores
insignificantes de carboidratos em sua composi¢do. Mesmo congeladas, as frutas
mostraram um conteido significativo de polifendis, carotendides, acido ascoérbico,
macro e microminerais. A maioria das polpas avaliadas (74%) apresentou capacidade

antioxidante in vitro (DPPH") igual ou superior a da vitamina C. Este efeito mostrou
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correlacdo positiva com o contetido de carotendides (r = 0,366; p < 0,01). Todas as
amostras apresentaram atividade catalase-like e 56% das frutas, atividade superéxido
dismutase-like. O agai mostrou-se capaz de reverter os danos oxidativos induzidos pelo
peréxido de hidrogénio em cortex, cerebelo e hipocampo de ratos Wistar. Quando
ensaiadas em altas concentragdes (5, 10, 15 % p/v) as polpas de acai, caju, kiwi e
morango mostraram atividade mutagénica, a qual apresentou correlacdo positiva com
carotendides (r = 0,793, p < 0,05), polifendis (r = 0,793, p < 0,05) e 4cido ascorbico (r =
0,793, p < 0,05). Doze frutas apresentaram importante atividade antimutagénica, a qual
mostrou correlagdo positiva com a atividade catalase-like (r = 0,400, p < 0,01). Embora
outros estudos sejam necessdrios, os dados obtidos neste trabalho mostram que as
frutas, mesmo congeladas, apresentam importante atividade antioxidante e

antimutagénica, podendo minimizar os danos oxidativos associados a diversas doengas.

XI



ABSTRACT

Several studies have pointed out that consumption of fruits is related to the reduced risk
of diseases, such as coronary heart and neurodegenerative diseases, as well as certain
types of cancer. Although several fruits in natura and compounds isolated from them
have been already studied, there exist little data on frozen fruits composition and their
biological activity. Frozen fruits are widely employed to prepare juices, and also as a
raw material for the food industry. Therefore, this study aims to evaluate the
composition and the antioxidant, mutagenic and antimutagenic activities of 23 frozen
fruit pulps. Carbohydrates, lipids, proteins, vitamin C, total polyphenols, carotenoids
and mineral contents were assessed in all fruits. Antioxidant activity was determined by
the chemical measurement of 1-diphenyl-2-picrylhydrazyl (DPPH®) radical scavenging
activity and superoxide dismutase and catalase-like activities. Tissue homogenates from
Wistar rats’ brain only assayed in agai pulp. Mutagenic and antimutagenic activities,
strain XV185-14C of S. cerevisiae, that allows the detection of specific locus and
frameshift mutations. As expected, all pulps showed low lipids and proteins contents
(absence or lower than 1 mg%). Coconut was the only fruit which presented
insignificant carbohydrate values in its composition. Even frozen, the fruits contained
significant polyphenols, carotenoids, vitamin C, macro and micro minerals and trace
elements. Most of the assayed pulps (74%) showed in vitro antioxidant capacity equal
or superior to vitamin C. This effect was positively correlated with carotenoid content (r
= 0.366; p < 0.01). All samples showed catalase-like activity and 56% of the fruits
showed superoxide dismutase activity. Acai fruit was able to revert hydrogen peroxide-
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induced oxidative damages in Wistar rats’ cortex, cerebellum and hippocampus. When
tested in high concentrations (5, 10, 15 %w/v), acai, cashew apple, kiwi and strawberry
pulps showed mutagenic activity, which was positively correlated with carotenoids (r =
0.793, p < 0.05), polyphenols (r = 0.793, p < 0.05) and vitamin C (r = 0.793, p < 0.05).
Twelve fruits demonstrated important antimutagenic activity, which was positively
correlated with catalase-like activity (r = 0.400, p < 0.01). Our findings show that frozen
fruits have important roles in antioxidant and antimutagenic activities, reducing

oxidative damages associated to several diseases.
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APRESENTACAO

Nos tltimos anos, especialistas na drea de nutri¢cdo t€m recomendado o aumento
no consumo de frutas e verduras, a fim de minimizar a incidéncia de doencas gastro-
intestinais, neurodegenerativas e cancer. Além de carboidratos, fibras e minerais, as
frutas sdo ricas em compostos com reconhecida atividade antioxidante, como vitaminas,
carotendides e polifendis. No entanto, a dificuldade de obten¢@o de frutas frescas em
diferentes regides e épocas do ano pode limitar sua utilizacdo. Uma das solucdes
encontradas pela inddstria foi o processamento/congelamento das frutas, permitindo,
desta forma, a disponibilizacdo, ao consumidor, de uma grande variedade de frutas em
todas as estagdes do ano e regides geograficas.

Embora existam varios estudos com frutas in natura, principalmente quanto aos
seus efeitos benéficos a saidde do homem, nido sdo conhecidos, at€é o momento, dados
acerca da composic¢do e atividade bioldgica de polpas congeladas. Em vista disso, esse
trabalho teve como objetivo avaliar a atividade antioxidante, mutagénica e
antimutagénica de polpas de frutas congeladas, bem como determinar o conteido de
polifendis, carotendides, vitamina C e valor nutricional. Os resultados obtidos estdo
apresentados em quatro capitulos. No primeiro deles, sio mostrados os resultados sobre
a composic¢ao (polifendis, carotendides e dcido ascorbico) e a atividade bioldgica das 23
frutas estudadas, incluindo as mais utilizadas pela populacdo, bem como algumas frutas
nativas da Amazonia. O teor de 14 minerais das 23 polpas de frutas estd apresentado no
segundo capitulo. Considerando que o agai € bastante consumido, principalmente no

norte e nordeste do Brasil, esta fruta foi escolhida para ser estudada quanto a sua



atividade antioxidante em homogeneizados de cérebro de ratos, sendo esse o tema do
artigo que compde o terceiro capitulo. O quarto capitulo é composto de uma revisdo
sobre os compostos majoritdrios e atividade bioldgica de frutas in natura e congeladas.
Estes resultados, em conjunto, compdem o primeiro banco de dados conhecido
sobre composi¢do quimica e atividade bioldgica de frutas congeladas e pode contribuir,
significativamente, para o cdlculo da ingestdo didria recomendada de nutrientes,

minerais e compostos bioativos.






1.1 As frutas: constituintes e efeitos benéficos

Existe um nimero considerdvel de evidéncias epidemioldgicas que mostram a
associacdo entre dietas ricas em frutas e a diminuicdo dos indices de doencas
cardiovasculares, neurodegenerativas (para revisdo, ver Sing et al., 2008), céncer (para
revisdo, ver Johnson, 2007) e diabetes (para revisdo, ver Jenkins, 2003). Estes efeitos tém sido
atribuidos, principalmente, a presenca de polifendis (D’ Archivio, 2007), carotendides (Hoelzl
et al., 2005) e vitaminas nas frutas, os quais apresentam reconhecida atividade antioxidante
(para revisdo, ver Sing et al., 2008).

Segundo o Instituto Brasileiro de Frutas (IBRAF) o consumo de frutas frescas no
Brasil, em 2007, foi em torno de 24 kg per capita, cerca de um quarto do recomendado pela
Organizacdo Mundial da Saide (OMS). As frutas mais consumidas pela populagéo brasileira
sdo banana, maca, abacaxi, limdo, meldo, mamao, manga e uva (IBRAF, 2007). No entanto,
um dos fatores que tem limitado o consumo de frutas é a sua disponibilidade nas diferentes
regides geograficas e épocas do ano. Parte dessa limitacdo vem sendo solucionada através do
congelamento de polpas de frutas, manejo industrial que tem tido grande aceitacdo, tanto para
uso doméstico, como pela industria de alimentos.

Segundo o Ministério da Agricultura, polpa/suco de fruta congelada é o produto ndo
fermentado, ndo concentrado, nao diluido, resultante do esmagamento de frutas polposas,
através de um processo tecnoldgico adequado, especifico para cada fruta. As polpas devem
ser preparadas com frutas sis, limpas, isentas de matéria terrosa, de parasitas e detritos de

animais ou vegetais. Ndo sdo permitidos fragmentos das partes ndo comestiveis da fruta, nem



substancias estranhas a sua composi¢ao normal, como sujidades, parasitas e larvas (Ministério
da Agricultura, 2000). De forma geral, a obtenc¢do de polpas e sucos de frutas congelados
segue o fluxograma descrito na Figura 1. Neste trabalho foram utilizados sucos de limao,
laranja, uva e tangerina e polpas de agai, acerola, magd, caju, coco, cupuacu, kiwi, manga,

meldo, mamao, maracujd, abacaxi, framboesa, goiaba, graviola, morango e pitanga.
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Figura 1. Fluxograma do processamento de frutas nas industrias de polpas de frutas
congeladas (lado esquerdo) e sucos de frutas (lado direito). (Adaptado de acordo com as
informagdes fornecidas pela empresa produtora — Mais Fruta — Antonio Prado, RS)



Em 2007, o Brasil produziu 43,7 milhdes de toneladas de frutas, das quais apenas 47%
foram consumidas como frutas in natura. O restante da produgdo foi utilizado nas
agroindustrias para fabricagdo de suco de laranja e de polpas congeladas (IBRAF, 2007).
Atualmente, polpas congeladas, podem ser encontradas, facilmente, em qualquer
supermercado e a um custo acessivel. Essas frutas tém sido utilizadas ndo sé para preparacdo
de sucos, mas, também, como matéria-prima na producdo de doces, preparo com leite,
sorvetes, geléias, bolos, etc.

As frutas sdo alimentos considerados de alto valor nutricional, apresentando em sua
composi¢do, carboidratos, lipidios, proteinas, fibras, vitaminas, minerais, carotendides e
compostos fendlicos (Harbone et al., 2000; Silalahi, 2002). De modo geral, as frutas possuem
quantidades insignificantes de lipidios e, por serem de origem vegetal, ndo t€ém colesterol. O
teor de proteinas também € baixo, sendo que quantidades maiores sdo encontradas na goiaba,
coco e maracuja (Matsuura et al., 2004). As calorias das frutas provém, principalmente, dos
carboidratos, que podem estar presentes em maior ou menor grau, sendo a banana uma das
frutas mais ricas nesse nutriente (Matsuura et al., 2004). A presenca de fibras nas frutas
contribui para o bom funcionamento do sistema digestério (Li et al., 1994) e tem sido
associada a redugdo de alguns tipos de cancer (Jones et al., 1990).

As frutas contém, ainda, quantidades importantes de vitaminas, principalmente as
vitaminas A e C (Gey, 1998). A vitamina A € o termo genérico para descrever todos os
compostos com atividade bioldgica de retinol. Essa vitamina possui papel essencial na visdo,
crescimento e desenvolvimento, no desenvolvimento e manutencgdo do tecido epitelial, nas
funcdes imunoldgicas e de reproducdo (Hoover ef al., 2008). A caréncia dessa vitamina na
dieta ou por dificuldades de absor¢@o, pode causar deficiéncias visuais, desenvolvimento
embriondrio prejudicado, espermatogénese alterada, aborto espontineo, anemia e

ressecamento das mucosas (Hoover et al., 2008). Além dos aspectos nutricionais, a vitamina



A é um importante antioxidante, mas que pode agir também como pré-oxidante, dependendo
da quantidade de oxigénio presente no sistema (Burton & Ingold, 1984; Palozza et al., 1997,
Klamt et al., 2003).

Os carotendides, precursores da vitamina A, sdo compostos naturais que formam um
grupo de pigmentos coloridos, normalmente amarelos, vermelhos ou alaranjados, encontrados
em frutas, tecidos animais (lagostas) e determinadas bactérias. Mais de 600 carotendides estio
bem descritos e cerca de 50 deles sdo precursores de vitamina A (Halliwell & Gutteridge,
2007). Os carotendides apresentam efeito antitumoral, pois, entre outros fatores, aumentam a
sintese de proteinas que favorecem a comunicacdo entre as células, evitando, assim a
proliferagdo do tumor. Também exercem efeitos benéficos ao sistema imunoldgico, inibem a
lipoperoxidacdo e sdao varredores de radicais livres (Halliwell & Gutteridge, 2007). Sua
ingestdo estd associada a diminui¢do dos niveis de Low Density Lipoproteins - LDL (Rao,
2002) e doencas corondrias (Castenmiller et al., 1999).

A vitamina C (4cido L-ascérbico) € encontrada em quantidades significativas em
frutas (Toit et al., 2001), sendo sintetizada a partir de glicose (Wheeler et al., 1998). Os
humanos e outros primatas sdo incapazes de sintetizar a vitamina C, obtendo-a através da
dieta. Essa vitamina funciona como co-fator enzimético e participa de vdrias reacdes de
6xido-reducdo do organismo, sendo importante para a cicatrizacdo de feridas e queimaduras,
na protecdo do tecido conjuntivo (Halliwell & Gutteridge, 2007), e € um importante
estimulador do sistema imunoldgico (Combs, 1998). Sua defici€ncia ou ma absorc¢io causa o
escorbuto. Além disso, a vitamina C é um importante antioxidante, protegendo vérias
biomoléculas contra o dano causado por espécies reativas (Halliwell & Gutteridge, 2007).
Além de sua acdo direta contra radicais livres, afeta indiretamente o balanco entre oxidantes e

antioxidantes, ja que € o principal doador de elétrons ao radical da vitamina E, o-tocoferil,

promovendo a regeneracdo do o-tocoferol (Liu ef al., 1998).



Dietas ricas em dcido L-ascérbico foram associadas com o decréscimo da incidéncia
de cancer (Van Poppel & Van Der Berg, 1997; Ocké et al., 1997; Yong et al., 1997),
diminui¢do dos niveis de colesterol, pressdo arterial (Fotherby et al., 2000), de doencas
cardiacas (Flagg et al., 1995) e da progressdo da aterosclerose no homem (Halliwell &
Gutteridge, 2007). A vitamina C pode, ainda, prevenir a indu¢do de mutacdes no DNA
(Lutsenko et al., 2002). Por outro lado, alguns estudos demonstraram que essa vitamina pode
agir como pré-oxidante pela reacdo de Fenton ou reagdes de Oxido-redugdo semelhantes
(Wang et al., 1996; Ferguson, 2001). Em altas concentragdes pode apresentar atividade
mutagénica (Franke et al., 2004), e na presenca de ions de cobre, pode gerar radical hidroxila
(De Flora, 1998; De Flora et al., 2001), altamente danoso ao DNA (Halliwell & Gutteridge,
2007).

Os minerais desempenham uma func¢io vital no desenvolvimento e boa saide do corpo
humano e as frutas sdo consideradas as principais fontes de minerais necessarios na dieta
humana (Seifried et al., 2007). Estes compostos regulam o metabolismo de diversas enzimas,
o equilibrio 4cido-base, a pressdo osmdtica, a atividade muscular e nervosa, facilitam a
transferéncia de compostos essenciais através das membranas e, em alguns casos, fazem parte
dos elementos constituintes dos tecidos do organismo (Shils et al., 1994).

A maior parte dos minerais € considerada essencial e sdo, tradicionalmente, divididos
em macrominerais (elementos de volume) e microminerais (elemento traco). Mais
recentemente, o termo ultra-traco tem sido utilizado para descrever elementos que sdo
consumidos em quantidades medidas em microgramas a cada dia. Os macrominerais sio
necessdarios em quantidade maiores que 100 mg/dia, enquanto os microminerais sao
necessdrios em quantidades menores que 100 mg/dia (Mahan & Scott-Stump, 2004).

Os minerais representam ao redor de 4 a 5% do peso corporeo. Cerca de 50% deste

peso € devido ao cdlcio e 25% ao fésforo (fosfatos), encontrados, principalmente em 0ssos e



dentes. Os outros macrominerais essenciais (Mg, Na, Cl e S) e os microminerais (Fe, Zn, Se,
Mn, F, Mo, Cu, Cr, Co e Br) constituem os 25% restantes. Os elementos ultra-traco, tais como
iodo, arsénico, aluminio, estanho, niquel, vanddio e silicio fornecem uma quantidade
insignificante de peso (Mahan & Scott-Stump, 2004).

O célcio atua na contragdo muscular, no controle de enzimas, como por exemplo a
proteina quinase C, nos processos de transcri¢do, ativagdo de genes e apoptose (Mahan &
Scott-Stump, 2004). A baixa ingestdo de cdlcio esta associada a maior incidéncia de cancer de
cOlon e hipertensdo (Mahan & Scott-Stump, 2004). Além disso, o célcio atua na prevengdo da
osteoporose (Flynn, 2003).

Na forma de fosfatos, o fésforo participa de varias fungdes essenciais, tais como, a
formacdao do DNA, RNA, ATP, AMP ciclico, tamponamento celular e formagdo de ossos e
dentes (Mahan & Scott-Stump, 2004). Os eletrdlitos sdédio e cloro participam no balango e
distribuicdo de dgua, equilibrio osmético e formacdo do potencial de acdo celular (Mahan &
Scott-Stump, 2004). O Mg é um co-fator para a DNA-polimerase e um protetor efetivo contra
carcinogénese (Rojas et al., 1999), enquanto o enxofre participa de efeitos antitrombdticos

(Reinhold et al., 1975).

Os microminerias mais abundantes em frutas sdo o Mn, Cu, Zn e Fe. O manganés ¢é
um importante co-fator enzimdtico e sua caréncia pode causar perda de peso, fragilidade
Ossea, dermatite, degeneracdo do ovario ou testiculos e nduseas (Mahan & Scott-Stump,
2004). O Fe apresenta-se em duas formas estdveis e interconversiveis, Fe** e Fe®.
Normalmente estd ligado a proteinas e participa de reacdes redox e transporte de oxigénio.
Quando livre pode ser potencialmente toxico e gerar espécies reativas de oxigé€nio pela reacdo
de Fenton, formando os radicais superdoxido e hidroxil. A deficiéncia de Fe esta relacionada

com anemia e a hipotransferrina (De Freitas & Meneghini, 2001).

Tragos de Cu s@o essenciais ao organismo, pois este elemento participa como co-fator
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de enzimas como a citocromo C oxidase, superéxido dismutase Cu/Zn, tirosinases, lisil
oxidases, entre outras. Estudos in vitro mostraram que o Cu, a exemplo do Fe, pode induzir a
formacao de espécies reativas de oxigénio, causando por sua vez danos a lipidios, proteinas e

DNA, possivelmente pela reacdo de Fenton (Linder, 2001).

A maior parte do zinco no organismo estd ligada a metaloenzimas e,
aproximadamente, 80% encontra-se nos eritrocitos. O Zn estd envolvido na manutencao da
estabilidade do DNA, estabilizacio de membranas estruturais e na protecdo celular,
prevenindo a peroxidacio lipidica (Dreosti, 2001). Zinco e magnésio t€m grande importancia
na estabilidade gendmica, sendo co-fatores de processos como o reparo por excisdo de bases
(BER), por excisdo de nucleotideos (NER) e nos multiplos estagios de formacdo de tumores

(Hartwig, 2001).

Apesar dos microelementos e elementos ultra-trago serem imprescindiveis a
manutengdo da homeostase celular, o papel de grande parte deles ndo estd elucidado (Mahan
& Scott-Stump, 2004).

Mais recentemente, as frutas t€m sido estudadas em funcdo da presenca de compostos
fendlicos (Singh et al., 2008), com reconhecida atividade antioxidante (para revisdo, ver
Ferguson, 2001). Os polifendis sdo compostos que apresentam em sua estrutura um ou mais
anéis aromdticos com grupos hidroxilas (Ferguson, 2001). Sdo capazes de quelar metais e
varrer radicais livres através da formacdo de radicais fenoxil (Mello & Santos, 1999). Os
flavondides, principais polifendis encontrados em frutas, apresentam uma estrutura ao qual
pode estar ligado uma aglicona ou glicosideo. Os substituintes presentes nos carbonos
conferem maior ou menor atividade antioxidante para os diferentes flavondides, assim como
podem, também, favorecer uma possivel agdao pré-oxidante (Trueba & Sanchez, 2001).

Os flavondides tém sido empregados na prevencdo de enfermidades cardiovasculares e

circulatérias (Ness & Powles, 1997; Stoclet et al., 2004), cancerigenas (Wang & Mazza,
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2002; Katsube et al., 2003), no diabetes e no mal de Alzheimer (Hertog et al., 1997; Ishige et
al., 2001). Possuem, ainda, atividade antibacteriana (Taguri et al., 2004) e podem induzir a
apoptose (Sanchez-Moreno, 2002; Yeh & Yen, 2005; Heo & Lee, 2005).

As frutas in natura t€m sido bastante estudadas e apresentam varios efeitos benéficos a
saide humana (Tabela 1), principalmente relacionados a atividade antioxidante. Além destes,
ha vérios estudos sobre compostos isolados de frutas, como flavondides (para revisdo, ver
Ferguson, 2001; Ferguson & Philpott, 2008), vitamina C (para revisdo, ver De Tulio, 2004) e
carotendides (para revisdo, ver Riccioni, 2008). No entanto, considerando-se a forma de
ingestdo das frutas pela populacdo, torna-se importante estudar, integralmente, toda a parte
comestivel da fruta, e ndo apenas extratos ou compostos isolados.

Até o momento, hd poucas informagdes sobre polpas congeladas. Existem dois
estudos sobre a atividade antioxidante in vitro de frutas congeladas, um deles sobre agai
(Schauss et al., 2004) e outro sobre extratos metandlicos de polpas congeladas de acerola,
acai, amora, caju, goiaba e graviola (Hassimoto, 2005). E sabido, no entanto, que durante o
processamento das frutas, inclusive congelamento, pode ocorrer perda de vitamina C (Brunini
et al., 2002; Yamashita et al., 2002; Franke et al., 2004; Beekwilder et al., 2005) e
carotendides (Melo et al., 2000; Agostini-Costa et al., 2003), o que torna importante o estudo
de frutas congeladas, as quais t€m sido cada vez mais utilizadas pela populacio em

substitui¢do as frutas in natura.
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Tabela 1. Principais atividades bioldgicas de frutas in natura descritas na literatura.

Atividade biolégica  Fruta Referéncias
Anticarcinogénica Coco Nalini et al., 1997
Limao National Toxicology Program, 1990
Manga Rodriguez et al., 2006
Uva Lala et al., 2006; Stagos et al., 2005
Anticonvulsivante Maracuja Nassiri-Asl et al., 2007
Antiftingica Limao Ben-Yehoshua et al., 2008
Antigenotdxica Laranja Franke et al., 2006
Antiinflamatéria Acai Rodrigues et al., 2006
Amora Kim & Park, 2006
Manga Knodler et al.,2007
Antimutagénica Caju Melo Cavalcante et al., 2003; Trevisan et al., 2006; Petta et al., 2004; Nalini et al., 1997
Coco Grover & Bala, 1993
Goiaba Deters et al., 2005; Tang & Edenharder, 1997
Kiwi Miyazawa et al., 1999
Laranja Higashimoto et al., 1998; Franke et al., 2004

Limado Bala & Grover, 1989



Antioxidante

Bactericida

Abacaxi
Acai
Acerola
Amora
Caju
Cupuacgu
Framboesa
Goiaba
Laranja
Maca
Manga
Mamao
Maracuja
Melao
Morango

Uva

Goiaba

Herraiz & Galisteo, 2003.

Rocha et al., 2007 ; Rodrigues et al., 2006 ; Schauss et al., 2006; Lichtenthaler et al.,2005
Hanamura et al., 2005

Kim & Park, 2006

Green et al., 2007; Konan et al., 2006

Yang et al., 2003

Viljanen et al., 2004, Wada & Ou, 2002; Mullen et al., 2002; Wang & Jiao, 2000; Kahle et al., 1999
Jime’nez-Escrig et al., 2001

Jayaprakasha et al., 2007 ; Deyhim et al., 2006 ; Hosseinimehr & Karami, 2005 ; Franke et al., 2004.
Leu et al., 2006

Mabhattanatawee et al.,2006; Rodriguez et al.,2006; Percival et al.,2006

Lohiya et al., 2008 ; Gambera et al., 2007; Mehdipour et al., 2006 ; Imao et al., 1998 ; Emeruwa, 1982
Nassiri-Asl et al., 2007

Lester, 2008; Vouldoukis et al.,2004; Lester et al., 2004

Kiselova et al.,2006; Rababah et al., 2005; Kahkonen et al., 2001

Kedage et al., 2007; El-Ashmawy et al., 2007; Devi et al., 2006 ; Janisch et al., 2006; Stagos et al.,
2005; Shafiee et al., 2003; Castillo et al., 2000

Pelegrini et al., 2008; Abdelrahim et al., 2002
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Contraceptiva

Mutagénica

Vasodilatadora

Manga
Mamao
Uva
Abacaxi
Caju

Coco

Kiwi

Acai
Framboesa

Uva

Sairam et al.,2003

Nayak et al., 2007 ; Osato et al., 1993 ; Emeruwa, 1982

Thimothe et al., 2007

Garg et al., 1970

Melo Cavalcante et al., 2003; Trevisan et al., 2006

Sandhya & Rajamohan, 2006; Petta et al., 2004; Narasimhamurthy et al., 1999
Deters et al., 2005

Rocha et al., 2007

Wada & Ou, 2002

Madeira et al., 2005; Soares et al., 2004
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1.2 Avaliacao da atividade antioxidante, mutagénica e antimutagénica

Diferentes metodologias t€m sido desenvolvidas para obter uma medicao, seja
qualitativa ou quantitativa, da capacidade antioxidante de diversos compostos, tanto
através de testes in vitro, como pelo tratamento de tecidos ou, ainda, utilizando culturas
celulares (testes in vivo). Dentre os testes in vitro existentes, a capacidade de varredura
do radical DPPH" (1,1-difenil-2-picrilhidrazil) vem sendo cada vez mais utilizada (Rice-
Evans et al., 1995). O DPPH’ é um radical livre estdvel que pode ser reduzido por um
antioxidante, resultando em perda de coloracdo, a qual é determinada a 517 nm
(Yamaguchi et al., 1998; Espin et al., 2000; Fukumoto & Mazza, 2000). Testes que
avaliam a atividade like de algumas enzimas também vém sendo utilizados (Hanamura
et al., 2005; Schauss et al., 2006; Leu et al., 2006), como por exemplo, a medida da
capacidade de varredura de radicais superoxido (SOD-like) e do peréxido de hidrogénio
(CAT-like). A enzima superdxido dismutase (SOD) dismuta os anions superéxido em
0O, e H,0O;,, sendo, este dltimo, substrato para a enzima catalase (CAT), que forma dgua e
oxigénio (Harris, 1992). Além disso, a avaliacdo de substincias com possivel atividade
antioxidante em tecidos de rato t&m tido aceitagdo no meio cientifico (Dal-Pizzol et al.,
2001). A utilizacao de diferentes tecidos animais (figado, hipocampo, cerebelo, cortex
cerebral) como modelo experimental permite a avaliagdo de parametros de estresse
oxidativo, tais como nivel de peroxidacdo lipidica e protéica, atividades de enzimas
antioxidantes, entre outros (Kappel et al., 2008; Caregnato et al., 2008).

Considerando que a atividade antioxidante de um composto € influenciada pelo
modelo de estudo (Halliwell & Gutteridge, 2007), costuma-se empregar mais de um
tipo de teste. Ensaios in vivo, utilizando microrganismos, tém se mostrado muito
adequados na triagem rotineira de vdrios produtos, sendo testes rdpidos, sensiveis,
econdmicos e reprodutiveis (Da Silva & Henriques, 1987; Rabello-Gay et al., 1991). A

descricdo do ciclo de vida de Saccharomyces cerevisiae e o conhecimento das
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caracteristicas genéticas basicas, além da facilidade de manipulagéo, e principalmente,
do fato deste microrganismo ser eucarioto, proporcionaram a grande difusdo deste
sistema biologico como metodologia experimental para estudos da atividade
antioxidante (Soares et al., 2003; Picada et al., 2003; Lopes et al., 2004, Raspor et al.,
2005; Spada & Salvador, 2005) e mutagénica de inimeros compostos (Henriques et al.,
2001). Os dados obtidos nesse tipo de teste apresentam uma correlagdo de,
aproximadamente, 70% em relagdo ao observado no homem (Da Silva & Henriques,
1987; Rabello-Gay et al., 1991).

O estudo da atividade antioxidante baseia-se na avaliagdo do crescimento celular
apds tratamentos realizados na presenca e auséncia do composto a ser testado
adicionado de um agente reconhecidamente formador de espécies reativas, como por
exemplo, o peréxido de hidrogénio (Soares et al., 2003; Spada & Salvador, 2005; Saffi
et al., 20006).

Para o estudo da atividade mutagénica, tem sido utilizada uma linhagem de S.
cerevisiae denominada de XV-145-14c isolada por Von Borstel. Esta linhagem permite
a deteccdo de dois tipos de mutacdes locus especificas: reversao do alelo ocre lysi-1
(alteragéo para o cédon UAA de término de cadeia) ou do alelo missense hisl-7 (c6don
alterado codifica um aminodcido diferente), e rever sdo por deslocamento do quadro de
leitura do DNA (frameshift) verificadas no locus hom3-10. As células revertentes
podem ser detectadas pela utilizacdo de meios seletivos nos quais o fator de crescimento
inicialmente requerido ndo estd presente, ou estd em quantidades muito pequenas,
permitindo somente um crescimento inicial (Parry & Parry, 1984; Zimmermann, 1984;
Boeira et al.,2002; Pungartnik et al., 2005).

Os testes de antimutagénese seguem o mesmo principio do ensaio de

mutagénese, com a ressalva de haver um co, pré, ou pds-tratamento com um agente
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reconhecidamente mutagénico (Henriques et al., 2001; Melo Cavalcante et al., 2003)

acrescido da amostra a ser avaliada.
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2.1 Objetivo geral

Avaliar a atividade antioxidante, mutagénica e antimutagé€nica de 23 polpas/sucos de

frutas congeladas e determinar os principais compostos € minerais presentes nestas frutas.
2.2 Objetivos especificos

¢ Quantificar a atividade antioxidante in vitro (capacidade de varredura do radical DPPH’ e
atividade superdxido dismutase e catalase-l/ike) das polpas de frutas;

e Avaliar possiveis efeitos mutagénicos/antimutagénicos das polpas de frutas em células
eucaridticas da levedura S. cerevisiae;

e Determinar o conteido de carboidratos, lipidios, proteinas, carotendides, polifendis totais e
acido ascorbico nas diferentes frutas;

¢ Quantificar os teores de minerais (PIXE) presentes nas polpas de frutas estudadas;

e Avaliar a capacidade antioxidante do acai em homogeneizados de tecido nervoso de ratos
Wistar;

e (Correlacionar os dados obtidos nos ensaios de atividade biolégica com o conteido de
carotendides totais, polifendis totais, dcido ascorbico e minerais encontrados nas diferentes

amostras de frutas.
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Abstract

Fruits are rich in minerals, which are essential for a wide variety of metabolic and
physiologic processes in the human body. The intake of frozen fruits has spread widely in
the last years, not only in the preparation of juices, but also, as raw material for yogurts,
candies, cookies, cakes, ice creams, and children’s food. However, until now, there is no
data about the mineral profile of frozen fruits. This is the first database to quantify the
levels of 14 minerals (macro and micro) in 23 samples of frozen fruits, including the most
used around the world and some native fruits from the Amazonian rainforest in Brazil.
Although geographical differences should be considered, these data can be used to
achieve Dietary Reference Intakes for minerals in most parts of the world.

Keywords: frozen fruits, minerals, diet.
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1.Introduction

Many of the current diets are rich in fat, salt, and sugar and poor in complex
carbohydrates, vitamins, and minerals and they are responsible for an increase in diet-
related diseases such as obesity, diabetes, cardiovascular problems, hypertension,
osteoporosis, and cancer. It is believed that the ingestion of fruits and vegetables helps in
the prevention of these diseases. Fruits are an important component of diet, responsible
not only for adding variety of color and texture to meals, but also for providing important
nutrients. Fruits are low-fat and low-calorie foods, with relatively small amounts of
protein and carbohydrates, but they are rich in fibers and add significant amounts of
micronutrients to the human diet (Zhi, Moore et al., 2003).

Among the micronutrients found in fruits, minerals represent a class of inorganic
substances present in all kinds of fruits. The human body needs about twenty different
minerals in order to function properly (Williams, 2006). These elements can be classified
into macro and micro minerals. Macro minerals are needed in amounts higher than
100mg/day and include Ca, P, Mg, S, Na, Cl and K. Micro minerals (Fe, Zn, I, Se, Mn,
Cr, Cu, Mo, F, B, Co, Si, Al, Ar, Sn, Li and Ni), found in minimal quantities in human
tissues, are needed in amounts lower than 100mg/day. In this group, the minerals that are
needed in amounts lower than 1mg/day can be called, also, ultra trace elements (Mahan e
Escott-Stump, 2005). Fruits are the most important source of both macro and micro
minerals (Pellerano, Mazza et al., 2008), which are indispensable for the maintenance of
life, growth, and reproduction (Alsafwah, Laguardia et al., 2007).

Nowadays, a high intake of fruits is recommended in order to prevent many kinds
of diseases (Lampe, 1999). However, it is difficult to find fruits in natura — which are
perishable — during all year round and/or in places far from the harvesting field. Frozen
fruit intake has been widely spread in many countries. They are easy to commercialize

and are very important as a source of raw material. They are used in yogurts, candies,
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cookies, cakes, ice creams, fresh drinks and children’s food (Hassimotto, Genovese et al.,
2005). In a recent work (Spada, De Souza et al., 2008), it was demonstrated that fruits,
even frozen, are rich in carotenoids, ascorbic acid and phenolic compounds and present
an important antioxidant activity. However, to our knowledge, there is no data about
mineral levels in frozen fruits.

Therefore, the aim of this study was to determine the mineral levels in 23 samples
of frozen fruit through PIXE (particle induced X-ray emission) assay. The results can be
important to help the population to achive the recommended dietary allowance (RDA)
threshold for minerals.

2. Material and methods
2.1 Frozen fruits

Frozen pulps of acerola (Malpighia glabra L.), apple (Malus domestica
B.), acai (Euterpe oleracea L.), black mulberry (Morus nigra M.), cashew apple
(Anacardium occidentale 1..), coconut (Cocos nucifera L.), cupuacu (Theobroma
grandiflorum W.), kiwi fruit (Actinidia chinensis P.), mango (Mangifera indica L.),
melon (Cucumis melo L.), papaya (Carica papaya L.), passion fruit (Passiflora alata C.),
peach (Prunus persica L.), pineapple (Ananas sativus L.), raspberry (Rubus idaeus L.),
red guava (Psidium guajava L.), soursop (Annona muricata L.), strawberry (Fragaria
vesca L.), Surinam cherry (Eugenia uniflora L.), and frozen juices of red grape (Vitis
vinifera L.), lemon (Citrus limon B.), orange (Citrus aurantium L.), and tangerine (Citrus
reticulata L..) were obtained from the industry Mais Fruta (Antonio Prado, RS, Brazil).
Pulps and juices were produced with fresh and clean fruits; free of filthy substances,
parasites, and plant or animal debris. Only edible portions of the fruits were pressed in
order to prepare pulps and juices. In red grape, lemon, orange, and tangerine juices, flesh
was separated from fluid obtained from pressing. Pulps and juices were divided into

aliquots of 100 g and kept frozen at -20 °C. No organophosphorus or carbamate pesticides
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were detected in the samples, through assay described by Bastos, Cunha & de Lima
(1991) and de Lima, Cunha Bastos & Cunha Bastos (1996).
2.2 Particle induced X-ray emission analysis

Quantification of mineral compounds present in frozen fruits was carried out
using PIXE. This technique has a truly multielemental capability; that is, all elements
with atomic number higher than 11 can be simultaneously detected in a single
measurement on the same target (Johansson, Campbell et al., 1995). The sensitivity is
very good and varies smoothly as a function of atomic number. It is important to note that
PIXE sensitivity depends on the sample being analyzed. Typically, sensitivity is of the
order of a few parts per million. The analysis is relatively fast and the measuring time is a
few minutes. Since this technique is non-destructive, it preserves the original samples,
allowing extra measurements if required. Sample preparation in its solid form (for a
variety of samples) does not require either sophisticated handling or chemical treatment,
thus reducing drastically any chance of contamination. Nowadays, PIXE is widely used
to characterize a variety of materials, including biological, geological and environmental
samples (Kern, Bonatto et al., 2005; Franke, Pra et al., 2006). For PIXE analysis, the fruit
samples were dried and transformed in tablets, as described by Franke et al. (2006).
Measurements were carried out at the Ion Implantation Laboratory of the Physics
Institute of the Federal University of Rio Grande do Sul. A 3 mV Tandetron accelerator
provided a 2 MeV proton beam with an average current of 2 nA for the experiments.
Details of the experimental set-up are described in Dias et al. (2002). The characteristic
X-rays induced by the proton beam were detected with a lithium doped silicon detector
with an energy resolution of 155 eV at 5.9 keV, which was positioned at an angle of
45 °C with respect to the beam direction. The data were analyzed using the GUPIX code
(Maxwell, Campbell et al., 1989 1989; Campbell, Hopman et al, 2000 2000). The

standardization procedure was carried out using a bovine standard from NIST (SRM-

34



1577b). Quantitative PIXE analysis of a sample in a thick target approximation (pellets)
requires knowledge of its matrix composition. Therefore, another ion beam technique,
Rutherford Backscattering Spectroscopy (Chu, Mayer et al., 1978), was employed to
obtain this information for the liver and bovine standard used to calibrate the PIXE
analysis. The matrix composition consisted of approximately C (70%), O (15%) and H
(15%). All assays were performed in triplicate.

2.3 Statistical analysis

Data were subjected to analysis of variance and means were compared using
Tukey’s post-hoc test using the SPSS program, version 12.0 (SPSS, Chicago, IL).

3. Results and discussion

This is the first work to evaluate the mineral content of 23 frozen fruits, including
the most used around the world and some native fruits from the Amazonian rainforest in
Brazil. Frozen fruits are used not only in the preparation of juices, but also as raw
material for yogurts, candies, cookies, cakes, ice creams, and children’s food (Spada, De
Souza et al., 2008).

The minerals content found in fruits is presented as macro (Table 1) and micro
minerals (Table 2). The Recommended Dietary Allowances (RDA), which is defined as
the average daily intake level that is sufficient to meet the nutrient requirement of nearly
all — 97 to 98% - healthy individuals in a particular life-stage and gender group (ref), was
also showed. When there is insufficient scientific evidence to establish a RDA, it was
used the Adequate Intake (AI), which is the recommended average daily nutrient intake
level based on observed or experimentally determined approximations or estimates of
nutrient intake by a group, or groups, of apparently healthy people who are assumed to be
maintaining an adequate nutritional state (IOM, 2004.). All the studied fruits presented
Mg, Cl, P, K and Ca. Sulfur was found in all fruits, except cupuacu and passion fruit, two

native fruits of Brazil. Only coconut, lemon and papaya presented Na.
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The micro mineral Fe was found in all fruits, Mn in 65.2% of them and Cu and Zn
in 30.4% of the analyzed fruits. A low level of Cr was found in melon, orange and
papaya. The ultra trace elements, Si and Al, were found in 91.30% and 39.13% of fruits,
respectively.

Macro minerals are essential for a wide variety of metabolic and physiologic
processes in the human body. Calcium, magnesium, potassium, sodium and chlorine, for
example, are important for many enzymes activities, for the composition of the skeletal
system and for ATP formation (Williams, 2006). It was observed that frozen fruits
(100 g) are able to provide around 2.1% (for men) and 2.8% (for women) of the RDA for
Mg and around 0.5% (for both sexes) of the Ca and P RDAs. CI, K and Na were found in
low amounts, reaching only around 0.2% of the Al.

Micro minerals, such as Fe, Mn, Cu and Zn are cofactors of many enzymes and
are part of the active site of some oxidases and oxygenases (Halliwell e Gutteride, 2007).
Iron is a component of hemoglobin, myoglobin, cytochromes, and various enzymes in the
muscle cells (Donabedian, 2006). About 3.5% (for men) and 1.5% (for women) of the
RDA for Fe can be provided by frozen fruits (100g). Acai, apple and tangerine are rich in
Fe, and 100 g of these frozen fruits can contribute with approximately 7% of the RDA for
men. Red grape and coconut (100 g) can reach 22.2% of the Mn RDA. All fruits provide
more than 100% of the Cu RDA for men and women. Melon, orange and papaya (100 g)
are able to provide more than 100% of the Cr Al

Our results showed the mineral profile of 23 frozen pulp fruits, which can help to
provide the flexibility needed to achieve the optimal dietary mineral content for a healthy
human diet. However, it should be taken into consideration that the mineral profile can be
influenced by the growing conditions, such as soil and geographical factors (Ercisli e
Ohran, 2007). Also, the bioavailability of minerals appears to be dependent on cultivar,

environment and harvest year (Bohn, Meyer et al., 2008). Some compounds, such as
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ascorbic acid, can help Fe absorption, but, on the other side, iron uptake could be

inhibited by strong chelators such phytic acid, some polyphenols and the divalent cations

Ca, Zn, Co and Mg. The relationship among all the fruit constituents and between them

and the other elements present in the diet should be better studied.
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Table 1. Levels of macro minerals (mg%) in frozen fruits

Samples Mg Cl P Ca K S Na
Acai 847 % 0.17%* 196 =+ 0.12° 3.05 + 0.07° 3.50 £ 0.13° 1.03 + 040 191 =+ 0.01° nd

Acerola 8.64 + 0.22° 2.38 + 0.19° 325 + 0.16° 5.82 + 0.05° 1.22 + 050° 2.17 =+ 0.09% nd

Apple 774 + 0.24° 2.05 + 0.02° 261 + 0.14° 3.60 £ 0.50° 097 + 0.10° 1.73 =+ 0.03° nd

Black mulberry 821 =+ 0.05° 226 + 0.04° 3.01 + 0.42° 483 + 0.02° 1.35 + 0.30° 1.99 =+ 0.07° nd

Cashew apple 822 + 0.01° 299 + 034> 253 + 047 3.49 £ 0.05° 143 + 0.10° 1.46 =+ 0.55° nd
Coconut 9.67 + 0.24% 2.60 + 0.01° 443 + 0.09° 7.60 + 0.59¢ 241 + 0.16° 359 +021° 2695 =+ 1.05°
Cupuacu 8.48 +0.02* 023 +0.07° 313 =+ 0.12° 6.59 + 0.07° 1.55 + 0.07° nd nd

Kiwi fruit 891 % 0.19° 2.66 + 0.05° 334 + 0.01° 7.03 = 0.03¢ 207 + 0.07° 248 +0.09° nd

Lemon 898 + 0.15° 2.73 £ 0.02° 3.47 + 0.02° 7.02 + 0.03¢ 221 + 053° 223 +003° 2315 + 1.44®
Mango 7.62 + 0.05° 1.89 + 0.02° 269 + 0.07° 3.43 + 0.01° 1.23 + 0.166 1.79 =+ 0.02° nd

Melon 11.15 + 0.28° 3.55 + 0.84° 417 + 027° 1033 + 0.36° 222 + 021° 296 =+ 0.86° nd

Orange 8.08 + 0.02° 2.16 + 0.02° 2.85 + 0.02° 445 + 0.02° 1.49 + 0.02° 1.87 = 0.07° nd

Papaya 8.44 + 0.49° 1.82 + 0.13° 296 + 0.02° 532 + 0.04° 1.55 + 026° 201 +0.07° 2180 =+ 1.02°
Passion fruit 8.44 + 0.23° 236 + 0.02° 126 =+ 0.07° 542 + 0.09° 1.21 % 0.16° nd nd

Peach 1132 + 034 3.68 + 0.06° 391 + 0.26° 5.58 + 0.06° 1.53 + 021° 257 +0.05° nd
Pineapple 8.40 + 0.33° 230 + 0.17° 3.12 + 0.09° 457 + 0.24° 1.34 + 0.52° 201 = 0.06° nd
Raspberry 8.4 =+ 0.09° 220 + 0.02° 3.10 + 0.01° 448 + 0.25° 1.52 + 0.18°  1.97 =+ 0.02° nd

Red grape 8.14 + 0.23° 1.94 + 0.01° 281 + 0.08° 3.25 £ 0.26° 090 + 0.30° 1.77 =+ 0.06" nd

Red guava 8.61 =+ 0.14° 2.55 + 0.02° 3.16 + 0.05" 6.09 + 0.09° 144 + 050° 224 +0.06% nd
Soursop 8.48 + 0.61° 236 + 0.31° 321 + 0.10° 572 £ 0.15° 1.09 + 0.20° 219 =+ 0.05% nd
Strawberry 9.15 + 0.08  2.69 +0.03° 340 + 0.04° 6.57 = 0.15¢ 1.61 + 0.42° 221 +0.03® nd

Surinam cherry 8.57 =+ 0.14° 2.12 £ 0.15° 3.05 + 0.09° 443 + 0.06° 1.38 + 0.07° 1.87 % 0.15° nd
Tangerine 10.66 + 0.14° 348 +0.17° 255 * 0.07° 540 = 0.80° 149 + 050" 267 +0.83 nd
Men/day 420mg 2000mg 700mg 1200mg 4700mg not determinable 1300mg
Women/day 320mg 2000mg 700mg 1200mg 4700mg not determinable 1300mg

Data are mean + SD values of three independent experiments.
‘Different letters indicate a significant difference according to analysis of variance and Tukey’s post hoc test (p<0 .05) for each mineral evaluated. nd:

non detected.

This table presents Recommended Dietary Allowances (RDAs) in italics and Adequate Intakes (Als) in bold type.
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Table 2. Levels of micro minerals (mg%) in frozen fruits

Samples Fe Mn Cu Zn Cr Si Al
Acai 0.51 + 0.28° 0.27 * 0.07° nd 0.20 + 0.01* nd 1.22 + 0.03* nd

Acerola 026 + 085° nd + nd nd nd 1.35 + 0.07* nd

Apple 054 + 1.32° 029 + 0.04° 1.80 =+ 0.14° 0.28 + 0.05% nd 1.12 + 0.04* 4.16 + 0.03*
Black mulberry 028 + 0.57° 031 % 0.01 nd nd nd 128 + 0.02° nd

Cashew apple 028 + 0.64° nd =+ nd nd nd 1.54 + 0.53" nd

Coconut 024 + 042° 040 = 0.07° nd nd nd 1.60 + 0.07* nd
Cupuacu 020 + 0.19° 020 * 0.01* 225 =+ 0.78® nd nd 1.30 + 0.06" nd

Kiwi fruit 021 + 042° 0.19 = 0.02° nd nd nd nd nd

Lemon 027 + 085" 021 % 006 230 + 042° 0.26 + 0.04" nd 137 + 007 535 £ 0.05°
Mango 0.18 + 0.76° 0.17 + 0.06° 1.85 + 0.35" 0.21 + 0.03* nd 1.11 + 0.01* 417 + 0.10*
Melon 028 + 0.07° 031 % 0.04° nd nd 0.15 + 0.01° 1.66 * 0.60° nd

Orange 028 + 0.92° 0.18 * 0.01° nd 0.30 + 0.08% 0.13 + 0.02* 1.22 + 0.02* 447 + 0.01
Papaya 0.16 = 0.28° nd =+ 2.05 + 0.07° 0.22 + 0.01* 0.18 + 0.04° 1.31 + 0.07* 472 + 0.30"
Passion fruit 0.16 + 0.07° 020 * 0.04* 1.55 * 0.05" 030 + 0.01° nd 1.26 + 0.04" 473 + 0.07*
Peach 034 + 027° nd + nd nd nd 1.74 + 0.07* nd
Pineapple 030 + 0.56° 0.30 + 0.06" nd nd nd 125 + 0.06° nd
Raspberry 025 + 042° 021 + 0.05° nd nd nd 1.29 + 0.07* nd

Red grape 0.18 + 0.07° nd + 3.10 + 0.85° nd nd 1.18 + 0.01* 4.12 + 035"
Red guava 0.18 + 0.02° 0.14 =+ 0.02* nd nd nd nd nd

Soursop 0.18 + 0.21° nd + nd nd nd 1.29 + 0.06" 483 + 0.25°
Strawberry 035 + 0.78" 0.28 =+ 0.03 nd nd nd 1.39 + 0.03* 521 + 0.35°
Surinam cherry 0.14 + 0.28° nd #* nd nd nd 1.32 + 0.04* nd
Tangerine 0.61 + 0.21° nd =+ nd nd nd 382 + 042° nd
Men/day Smg 2.3mg 900ug 11mg 30ug not determinable  not determinable
Women/day 18mg 1.8mg 900ug Smg 20ug not determinable  not determinable

Data are mean + SD values of three independent experiments.

“Different letters indicate a significant difference according to analysis of variance and Tukey’s post hoc test (p<0 .05) for each mineral evaluated. nd:
non detected.

This table presents Recommended Dietary Allowances (RDAs) in italics and Adequate Intakes (Als) in bold type.
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Abstract

Oxidative stress is implicated in several human illnesses, including neurological
disorders such as Parkinson’s and Alzheimer’s diseases. Acai is largely consumed in
Brazil and contains high levels of antioxidant compounds. This work aims to study the
antioxidant activity of acai frozen fruit pulp in the cerebral cortex, hippocampus and
cerebellum of rats treated with the oxidizing agent hydrogen peroxide (H,O,). Pre-
treatment of tissue with acai decreased H,O,-induced damage of both lipids and proteins
in all tissues tested. This fruit was also able to reduce the activities of the antioxidant
enzymes superoxide dismutase and catalase to basal levels. We observed a negative
correlation between the polyphenol content of acai and the levels of lipid (r = -0.689; p
< 0.05) and protein damage (r = -0.569; p < 0.05), suggesting the participation of
polyphenols in the observed antioxidant activity. These data suggest that acai could
prevent the development of age-related neurodegenerative diseases.
Keywords: Euterpe oleraceae, acai, brain tissues, superoxide dismutase, catalase,

oxidative stress.
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INTRODUCTION

Several studies have shown that the consumption of fruits and vegetables is
associated with a reduced risk of many diseases, including neurodegenerative diseases
such as Parkinson’s and Alzheimer’s diseases.' Fruits and vegetables synthesize a vast
array of secondary chemical compounds that, although not involved in primary
metabolism, are important for a multitude of beneficial effects that have been reported
for fruits.>

The palm fruit of Euterpe oleraceae M., commonly known as acai, is consumed
in a variety of beverages and food preparations, mainly in Brazil®. This fruit supplies
several antioxidant compounds such as polyphenols, carotenoids and ascorbic acid.**
Acai has, in fact, already been demonstrated to possess antioxidant activity in vitm,6’7
and possible roles for acai as a food additive are under investigation.g'11

The brain is especially susceptible to oxidative stress.'> While only making up
about 2 % of the total body mass, the brain consumes 20 % of the total oxygen used by
the body. It is enriched with readily peroxidizable polyunsaturated fatty acids and does
not possess any antioxidant defenses. The brain also has high levels of iron, which are
the key catalysts for lipid peroxidation. Additionally, many neurotransmitters are
themselves autoxidized to generate reactive species.”>'* Lipid peroxidation in brain
tissues is associated with a progressive loss of membrane permeability and cellular
damage, which leads to an increased susceptibility to various diseases.” In order to
protect the brain against oxidative damage, there exist intricate and interrelated
processes, which include superoxide dismutase (SOD) and catalase (CAT) enzymes.
SOD catalyzes the dismutation of superoxide anion (O,") to oxygen and hydrogen
peroxide, while CAT converts hydrogen peroxide to water and molecular oxygen.16

SOD and CAT enzymes have an important role in maintaining physiological redox

eger . 1. . . . 16
equilibrium, avoiding or decreasing the oxidative stress.
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The aim of the present study was to investigate the biological effects of frozen
pulp of acai in reducing the oxidative stress induced by hydrogen peroxide in the
cerebellum, cerebral cortex and hippocampus from Wistar rats.

MATERIALS AND METHODS
Acai Frozen Fruit Pulp

Acai (Euterpe oleracea) was obtained from the company Mais Fruta (Antonio
Prado, Brazil). The pulp was produced with fresh and clean fruits, free of dirt, parasites
and plant or animal debris. Only the edible portion of acai was used. After pressing, the
pulp was frozen at —20 °C. Immediately prior to the assays frozen pulp was mixed with
distilled water in a blender to achieve a final concentration of 40% (wt/v). Nutritional
composition and the main secondary compounds of acai are shown in Table 1. No
organophosphorus or carbamate pesticides were detected in the sample.

Animal and Tissue Preparation

Ten-day-old Wistar rats were obtained from our own breeding colony. They
were maintained at approximately 25°C, on a 12-h light/12-h dark cycle, with free
access to food and water. Assays were performed as described by Leipnitz er al.'’.
Briefly, animals were killed by decapitation without anesthesia, and the brain was
rapidly excised on a Petri dish placed on ice. The cerebral cortex, cerebellum and
hippocampus were dissected, weighed and kept chilled until homogenization, which
was performed using a ground glass type Potter-Elvejhem homogenizer in 1.5% KCI.
The homogenates were centrifuged at 800 g for 10 min at 4 °C, the pellet was discarded
and the supernatants were used immediately. Aliquots were treated with acai pulp (40%
wt/v) for 30 min, and ImM H,O, was subsequently added to the mixture. Samples were
incubated for 1 h at 30 °C with agitation. All experiments were conducted in accordance
with the Guiding Principles of the Use of Animals in Toxicology, adopted by the

Society of Toxicology in July 1989.
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Biochemical assays

Superoxide dismutase activity was determined spectrophotometrically by
measuring the inhibition of self-catalytic adrenochrome formation at 480 nm (model
UV-1700 spectrofotometer, Shimadzu, Kyoto Japan) in a reaction medium containing 1
mmol/L adrenaline (pH 2.0) and 50 mmol/L glycine (pH 10.2). This reaction was
performed at 30°C for 3 min.'® One unit of SOD activity is defined as the amount of
enzyme that inhibits the rate of adrenochrome formation by 50% per gram of protein.
The CAT-like activity assay was performed according to the method described in Aebi"
by determining the hydrogen peroxide decomposition rate at 240 nm. A total of 1 unit of
catalase decomposed 1 pumol of H,O,/mg of protein in 1 min at pH 7.4. Protein
concentration was determined by the Bradford method® using serum bovine albumin as

standard.

Lipid peroxidation was monitored by the formation of thiobarbituric acid
reactive species (TBARS) during an acid-heating reaction, which has been widely
adopted as a sensitive method for measurement of lipid peroxidation, as previously
described”'. The oxidative damage to proteins was assessed by the determination of
carbonyl groups based on the reaction with dinitrophenylhydrazine (DNPH), as
previously described.” All chemicals were purchased from Sigma (Sigma Chemical

Co., Sdo Paulo).

Statistical Analyses

Values were determined as parametric or nonparametric by using the
Kolmogorov-Smirnoff test. Data were subjected to analysis of variance, and means
were compared using Tukey’s test. Relationships between variables were assessed with
Pearson’s product-moment correlation coefficient. SPSS version 12.0 (SPSS, Chicago,

IL) was used in all statistical analysis.
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RESULTS

Tissue treatments with hydrogen peroxide induced an increase in lipid (TBARS)
and protein (protein carbonyl groups) damage in the cerebellum, cerebral cortex and
hippocampus of rats relative to the untreated control (Figure 1 A and B). H,O, also
induced an increase in both SOD and CAT activities in all the assayed tissues (Figure 2
A and B). Acai treatment was neither able to change enzyme activities (Figure 2), nor to
induce oxidative damage in lipids or proteins (Figure 1). However, when tissues were
pre-treated with acai and then with H,O,, a significant decrease in lipid and protein
damage and in SOD and CAT activities was observed (Figure 2). The reduction of lipid
damage was around 48 % in the cerebral cortex, 64 % in the hippocampus and 72 % in
the cerebellum. Reduction of protein damage was 55 % in the cerebral cortex, 36 % in
the hippocampus and 42 % in the cerebellum.

DISCUSSION

Brain cells are continuously threatened by the damage caused by reactive species
produced during normal oxygen metabolism or induced by exogenous sources.” The
mechanisms by which reactive species interfere with cellular function are not fully
understood, but one of the most important events seems to be oxidative damage. The
loss of motor function due to cell death and region-specific loss of neurons in the
mammalian brain by oxidative stress is more prominent in the cerebral cortex,
hippocampus, and cerebellum. The cerebral cortex and hippocampus are regions
associated with cognition and feed-back control of stress, while the cerebellum is
concerned with motor function.?* In vitro studies of the responses of the cerebral cortex
to vitamin E have revealed its neuroprotective role in the brain of mice.” Green tea
catechins and polyphenols have also been reported for their antioxidant properties and

protective effects against oxidative stress in rat brain.”®
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Acai, a very popular Brazilian fruit, is known to possess antinociceptive, anti-
inflammatory27 and inhibitory effects on nitric oxide production by activated
macrophage cell line RAW 264.7. This fruit is rich in antioxidants compounds,6’28
which are known to reduce the risks of diseases related to oxidative stress.

Brain tissue pre-treatments with acai were able to prevent oxidative damage
induced by hydrogen peroxide. This oxidant causes cell damage through the production
of hydroxyl radicals via the Haber-Weiss/Fenton reaction.'® Unlike the free radicals O,
and OH’, hydrogen peroxide is very diffusible within and between cells in vivo, causing
damage in membranes, proteins, lipids, and the cellular nucleus.'® Negative correlations
between total phenolic content of acai and TBARS (r = -0.689; p < 0.05) and carbonyl
assay (r = -0.569; p < 0.05) levels were observed, suggesting that the polyphenols
present in this fruit could be responsible, at least in part, for the antioxidant activity of
this fruit, as already described for the in vifro antioxidant activity of acai seeds and
methanol and ethanol acai seed extracts.”

Hydrogen peroxide and/or the oxidative stress produced by it are able to induce
the antioxidant activity of the SOD and CAT enzymes,” as observed in this work
(Figure 2 A and B). Acai treatments were able to return SOD and CAT antioxidant
activities to basal levels (Figure 2 A and B). In fact, a negative correlation was observed
between SOD and CAT activities and total phenolic content of acai (r = -0.701; r = -
0.698; p < 0.05, respectively). Among the polyphenols found in acai are epicatechin,
catechin, cyanidin 3-glucoside, ferulic acid, p-hydroxy benzoic acid, pelargonidin 3-
glucoside, gallic acid, protocatechuic acid and free ellagic acid.**® Some polyphenols,
such as catechin,' have been reported to be superoxide radical and H,O, scavengers. In
fact, acai frozen pulp has already been shown to possess SOD and CAT-like activities®
and the ability to scavenge superoxide radicals,” which could be responsible, at least in

part, for its beneficial effects against oxidative stress.
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Structural damage and loss of brain function is associated with aging and age-
related diseases in the central nervous system. Oxidative stress is considered a risk
factor and contributes to increased lipid and protein damage.30 The data obtained in this
study showed that the frozen pulp of acai possesses an important antioxidant activity in
the brain tissue of rats. Other polyphenol-rich fruits, such as berries’' and grapes,3 ? have
already been found to be beneficial to brain function. Thus, it is possible to assert that
nutritional interventions containing polyphenols could retard or prevent the
development of age-related neurodegenerative diseases, such as Parkinson’s and
Alzheimer’s diseases.
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Table 1. Main secondary compounds and nutritional composition of acai (per 100g of frozen pulp).

Total Phenolic Total Carotenoid

Vitamin C Caloric values
content content Proteins Lipids Carbohydrates
(mg) (kJ)
(mg of catechin) (mg)
Acai 1.19 £0.20 1.02 £0.55 1570097 0.55+£0.03 0.67+0.04 7.63+0.02 163.25 +0.03
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Figure 1. Lipid damage (A) and protein damage (B) in the cerebral cortex, hippocampus and cerebellum of rats.

Untreated tissues (0); acai 40% wt/v (O); HO, 1 mM (m); acai 40% wt/v plus H,O, 1 mM (m).

Data are mean + SD values of five independent experiments. "Different letters indicate a significant difference according to analysis of variance

and Tukey’s post hoc test (p <0.05) for each tissue evaluated.
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Figure 2. Superoxide dismutase (A) and catalase (B) activities in the cerebral cortex, hippocampus and cerebellum of rats.

Untreated tissues (0); acai 40% wt/v (O0); HO, 1 mM (m); acai 40% wt/v plus H;O, 1 mM (W).

Data are mean + SD values of five independent experiments. 'Different letters indicate a significant difference according to analysis of variance

and Tukey’s post hoc test (p <0.05) for each tissue evaluated.
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Abstract

Many studies have shown that the consumption of fruits and vegetables is
associated with a reduced risk of many diseases, including cancer, atherosclerosis, and
neurovegetative diseases, which are related to elevated levels of oxidative stress.
Antioxidant compounds can decrease oxidative stress, minimizing the incidence of these
diseases. Fruits supply several antioxidant compounds, as for example vitamin C,
carotenes, and/or polyphenols. On the other hand, some compounds present in fruits have
themselves been identified as being mutagenic. This chapter reviews the major
compounds and their corresponding biological activities of 23 fruits commonly consumed
in the world.

Keywords: fruits, main compounds, biological activities.
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In the last years, there has been a growing interest in nutraceuticals and functional
foods. Plants, including food plants (fruits and vegetables), synthesize a vast array of
secondary chemical compounds that, although not involved in primary metabolism, are
important for a variety of ecologic functions that enhance the plant’s ability to survive.
Interestingly, these compounds may be responsible for the multitude of beneficial effects
that have been reported for fruits with an array of health-related bioactivities (Joseph et
al., 2005). Many studies (Joseph et al., 1999; Joseph et al., 1998; Prior et al., 1998; Cao
et al., 1996; Wang et al., 1996) have suggested that the most important benefits of such
compounds may be derived from their antioxidant, antimutagenic, anticarcinogenic, and
anti-inflammatory properties.

Fruits present a large spectrum of constituents. Besides carbohydrates, lipids, and
proteins (for review see Spada et al., 2008), carotenoids, vitamins and polyphenols are
the most widely and best-studied compounds of fruits (Table 1).

Many fruits present high levels of carotenoids, for example acerola, mango,
papaya and Surinam cherry (Table 1). About fifty to sixty different carotenoids are
typically present in the human diet, and the most abundant forms found in plasma are [3-
carotene (precursor of vitamin A), lycopene, lutein, B-cryptoxanthin and zeaxanthin
(Halsted, 2003). The biological effects of carotenoids are related to their antioxidant
properties (Faulks and Southon, 2001), which can prevent the appearance of serious
diseases such as cancer, pulmonary disorders, cataract (Tapiero, 2004) and atherogenesis
(Faulks and Southon, 2001; Voutilainen et al., 2006).

Vitamins, mainly C and E, can also be found in fruits (Table 1). Vitamin C or
ascorbic acid is ubiquitous in fruits. This compound is an important antioxidant (Fenech
and Ferguson, 2001), antimutagenic (Kojima et al., 1992; Guha and Khuda-Bukhsh,
2002) and a regulator of DNA-repair enzymes (Cooke et al., 1998; Lunec et al., 2002). It

is also involved in wound healing, tyrosine metabolism, conversion of folic acid to folinic
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acid, carbohydrate metabolism, synthesis of lipids and protein, iron metabolism, and
resistance to infections (Suntornsuk et al., 2002, Saffi et al., 2006).

Vitamin E can be found in cashew apple, mango, red grapes, and peaches (Table
1). This vitamin is able to donate its hydrogen to free radicals, thereby forming a stable
species (Rimbach et al., 2002). Vitamin E radical can be regenerated by ascorbate,
resulting in the formation of an ascorbyl radical (Rimbach et al., 2002). There is
epidemiologic and clinical evidence that high intake of vitamin E may be associated with
a decreased risk of coronary heart disease (Diaz et al., 1997; Kohlmeier et al., 1997).
Chronic oral administration of vitamin E prevented the loss of mitochondrial function and
reduced ROS-induced damage in aging mice (Navarro et al., 2005). These beneficial
effects were paralleled by an increased lifespan, better neurological performance and
higher exploratory activity (Panetta et al., 2004).

Phenols (hydroxybenzenes) and especially polyphenols (containing two or more
phenol groups) are ubiquitous in plant foods and, apart from known vitamins and
minerals, may be one of the most widely marketed groups of dietary supplements. This
class of plant metabolites contains more than 8000 known compounds, ranging from
simple phenols such as phenol itself through to materials of complex and variable
composition such as tannins (Bravo, 1998). Phenolic compounds in fruits (Table 1)
include flavonoids (mainly quercetin, hesperidin, anthocyanins, catechins, and
kaempherol), phenolic acids (salicylic acid), hydroxycinnamic acids (coumaric and
caffeic), and stilbenes (resveratrol).

Much of the literature on polyphenolic compounds concerned about the
deleterious effects associated with the ability of certain phenols to bind and precipitate
macromolecules including protein and carbohydrates, thereby reducing the digestibility
of foods (Singleton and Rossi, 1983). More recently, interest has been rekindled in the

recognition that many polyphenols, although non-nutrients, show antibacterial effects
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(Avorn, 1994), ability to reduce blood pressure (Lampe, 1999), antioxidant, anti-
inflammatory, antimutagenic and/or anticarcinogenic effects, at least in in vitro systems
(Saiko et al., 2008; Rodrigues et al., 2006; Sairam et al.,2003; Miyazawa et al.,1999;
Bravo, 1998). A prospective study of 800 elderly men showed that the ingestion of
flavonoids, mainly in tea, onions, and apples, was associated with significant reduction in
mortality from coronary heart disease (Hertog et al., 1993). In addition, polyphenols can
also inhibit platelet aggregation and vascular relaxation through the production of nitric
oxide (Dubick et al., 2001).

Almost all the fruits present in this review show antioxidant activity (Table 2),
which can be associated with the presence of carotenoids, vitamins, and mainly,
polyphenols. The mechanisms of the antioxidant action of polyphenols are complex and
they are still been studied. In a general way, they can avoid reactive species formation
either by inhibition of enzymes or by chelation of trace elements involved in free radical
production, scavenging reactive species, and up-regulating or protecting antioxidant
defense (Halliwell and Gutteridge, 1999). Some compounds can also act in a similar way
to the enzymatic defenses, since they are able to neutralize reactive species such as

superoxide anion and hydrogen peroxide (Silalahi, 2002).

Many fruits (Table 2) can also present antimutagenic activity. There are a number
of different mechanisms, which have been implicated in the antimutagenic effects of
polyphenols. Some of these are non-specific as for example, polyphenols can exert an
antioxidant action (Hartman and Shankel, 1990; Hoensch and Kirch, 2005; Anisimov et
al., 2006; Valcheva-Kuzmanova and Belcheva, 2006, Srinivasan, 2007) or inhibit the
uptake of mutagens such as benzo[a]pyrene (Hatch et al., 2000). Different polyphenols
may act to upregulate the activity of glutathione S-transferase and/or may directly

interfere with DNA adduct formation (Ferguson, 2001).
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Although many polyphenols can present antimutagenic effects, some of them can
act as a weak mutagenic agent (Ferguson, 2001). The exact reason why a polyphenol can
be a mutagenic or an antimutagenic compound is not known, but structure-activity
relationships among the flavonoids suggested that bacterial mutagenicity required a
double bond between positions 2 and 3 and a hydroxyl group at position 3 (Nagao et al.,
1981). It is also known that a number of polyphenols, including quercetin, can bind to
DNA (Alvi et al., 1986) and this direct interaction may be an important mechanism of
bacterial mutagenicity. Interestingly, some fruits (cashew apple, coconut and kiwi fruit)
can present both mutagenic and antimutagenic activities (Table 2). It is known that high
concentrations of ascorbic acid (Franke et al., 2005) and some kinds of polyphenols can
induce mutagenic effects (De Flora, 1998; De Flora er al., 2001) depending on factors
such as pH and the presence of Cu(Il) and Fe(Ill) in the media (Wang et al., 1996;
Ferguson, 2001; De Flora, 1998).

Intensive research conducted over the last few years has shown that polyphenols,
carotenoids, and vitamins derived from fruits interfere with tumor progression by acting
directly on tumor cells as well as by modifying the tumor's microenvironment (stroma)
and creating physiological conditions that are hostile to tumor growth (Béliveau and
Gingras, 2007). Anticarcinogenic activity can also be related to the antioxidant effect
(Béliveau and Gingras, 2007). Some fruits, like coconut, kiwi fruit, lemon, mango, and
red grape can present anticarcinogenic activities in vivo assays (Table 2).

Various plant polyphenols have profound effects on the function of immune and
inflammatory cells (Middleton Jr. et al., 1992). Polyphenols present in green tea (mainly
epigallocatechin gallate) can inhibit the inducible nitric oxide (NO) synthase and block
NO-associated DNA damage (Bartsch et al., 1996). Acai, black mulberry, mango, and

raspberry have shown important anti-inflammatory effects (Table 2).

61



Plants have developed sophisticated active defense systems against pathogens,
among them the production of antibiotic compounds. Centuries of folk wisdom have
identified certain fruits or vegetables as having antibacterial potential (Lampe, 1999).
Cashew apple, red grape, red guava, lemon, mango and papaya present antibacterial
and/or antifungal actions (Table 2) acting against Bacillus subtilis, Enterobacter cloacae,
Escherichia coli, Salmonella typhi, Staphylococcus aureus, Proteus vulgaris,
Pseudomonas aeruginosa, and Klebsiella pneumonia (Sairam et al., 2003; Osato et al.,
1993). The microbial activity of fruits is related to the presence of different types of
polyphenols, mainly procyanidins (Taguri et al., 2004).

Briefly, this review compiles data from some studies about biological activity and
the main secondary compounds of fruits, reinforcing the idea that a diet rich in fruits
could be used to prevent many kinds of pathologies, providing a genuine beneficial effect
on human populations.
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Table 1. Compounds with potential biological activity in different fruits

Fruit

Compounds with potential biological
activities

References

Acai
(Euterpe oleracea L.)

Acerola

(Malpighia glabra L.)
Apple

(Malus domestica B.)

Black mulberry
(Morus nigra M.)

Cashew apple
(Anacardium
occidentale L.)
Coconut

(Cocos nucifera L.)

Cupuacu
(Theobroma
grandiflorum W.)

Kiwi fruit
(Actinidia chinensis P.)
Lemon

(Citrus limon B.)

Mango
Mangifera indica L.

Melon
(Cucumis melo L.)

Orange
(Citrus aurantium L.)

P . T 11
Vitamin C', carotenoids ', polyphenols
. 1: 245 123 L2
(cyanidin™™”, procyanidin™, peonidin”,
g 2 .2 . . 23
elargonidin®, catechin®, epicatechin™”,
2 3
resveratrol”, protocatechuic acid”)

Vitamin C', carotenoids', polyphenols'~

Vitamin C'”, polyphenols (procyanidins2’3,
anthocyanins3 R catechin3’4, epicatechin4,
quercetin5 )

Vitamin C', carotenoids', polyphenols
(coumaric acid?, salicylic acid’, caffeic
acids®)

Vitamin Cl, vitamin E2, carotenoidsl,
polyphenols3 (quercetin, procyanidin,
anacardic acid)

Vitamin C 7, polyphenols (catechin®,
phenolic acids®)

Vitamin C', polyphenols (catechin?,
epicatechin’, quercetin®, kaempferol®)

Vitamin C', carotenoids', polyphenols'?

Vitamin C'?, polyphenols (eriocitrin®”,
hesperidin2’3, diosmetin®* R diosmin2’3,
diosmetin** ’4, quercetin4, apigenin4,
hesperetin4, homoeriodictyol4)

Vitamin Cl’z’lo, vitamin E’ R
carotenoids'**%; polyphenols
(quercetin4’8, rhamnetins’g, gallotanninsﬁ,
flavonolsg, kaempferolg, xanthoneg,
isomangifering, galloyl derivatives®,
mangifering’g, cateching, epicateching,
tannic acid7, caffeic acid7, gallic acidg,
benzoic acid’)

Vitamin C'**, carotenoids'~, polyphenols'

Vitamin C', carotenoids', polyphenols®
(neoeriocitrin, narirutin, naringin,
hesperidin, neohesperidin, naringenin,
hesperetin)

'Spada er al., 2008; “Rocha et al.,
2007; 3Rodrigues et al., 2006;
*Lichtenthaler et al., 2005; °Del
Pozo-Insfran et al., 2004.

1Spada et al., 2008; Mezadri et
al.,2006.

'Spada et al., 2008; *Kahle et al.,
2005; *Vrhovsek er al., 2004;
*Sanoner er al., 1999; *Ballot et al.,
1987.

'Spada ef al., 2008; ?Zadernowski
et al., 2005.

'Spada er al., 2008; ‘Ryan et
al.,2006; ’Melo Cavalcante et al.,
2003.

lSpada et al., 2008; 2Dey et al.,
2005; °*Mantena et al., 2003;
4Kirszberg et al., 2003.

'Spada et al., 2008; Yang et al.,
2003.

1Spada et al., 2008; 2Chang and
Case, 2005; 3Kvesitatdze et al.,
2001.

'Spada er al., 2008; *Gonzélez-
Molina er al., 2008; *Miyake et al.,
2007; “Gil-Tzquierdo et al., 2004.

'Spada et al., 2008; *Ribeiro et al.,
2007; 3Ornelas-Paz Jde et al., 2007;
“Berardini et al., 2005; Chen et al.,
2004; °Berardini et al., 2004:
"Singh et al., 2004; ®Schieber et al.,
2003; °Nunez Selles et al., 2002;
%Ballot et al., 1987.

1Spada et al., 2008; 2Por‘moy et al.,
2008: ‘Lester, 2008; *Gil et al.,
2006.
'Spada et al., 2008; *Pellati ef al.,
2004.
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Papaya
(Carica papaya L.)

Passion Fruit
(Passiflora alata L.)
Peach

(Prunus persica L.)

Pineapple
(Ananas ssp)

Raspberry
(Rubus idaeus L.)

Red grape
(Vitis vinifera L.)

Red guava
(Psidium guajava L.)

Soursop
(Annona muricata L..)

Strawberry
(Fragaria vesca L..)

Surinam cherry
(Eugenia uniflora O.)

Tangerine
(Citrus reticulata L..)

Vitamin C"*, carotenoids', polyphenols1

Vitamin Cl, carotenoids'?

. o N13A4S . . 3 11
Vitamin C , vitamin E°, carotenoids’,
.2 . .2
polyphenols (catechin®, epicatechin”,
) . . 2 . : 2
quercetin’, eriodictyol”, naringenin®,
2 . . 2 .
kaempferol”, isorhamnetin®, protocatechuic
.2 [ .2 . - 12
acid”, vanillic acid”, coumaric acid®)
. Al 113 1,2
Vitamin C', carotenoids , polyphenols™

Vitamin C', carotenoids', polyphenols
(anthocyaninsz'4, procyanidins3,
ellagitannins3’4, kaempfer014, quercetin4,
ellagic acid")

Vitamin Cl, vitamin E(m, tocotrienol?? R
carotenoids', polyphenols (malvidin?,
quercetin4’5’6, catechin 4’5’6, epicatechin4’5’6,
resveratrol>*> ’6, delphinidinz’5 , cyanidin 25 R
petunidin4, peonidinz’s, malvidin® R
procyanidins, epicatechin gallate5 , trans-
polydatin5 , isorhamnetins, kaempferols,
gallic acids, protocatechuic acids, caftaric
acid’, p-hydroxybenzoic acid’, caffeic
acids, p-coumaric acids, ferulic acids,
ellagic acid®)

Vitamin C'?, carotenoids'*, polyphenols
(guaj adial’, quercetin3 , myricetin3 ,
kaempferol3 , apigenin3 )

Polyphenolsl’2
Vitamin C'?, carotenoids'?, polyphenolsl’2

Polyphenols'?

Vitamin C', carotenoids'**, polyphenols'?

'Spada et al., 2008; *Mutsuga et al.,
2001; *Cano ef al., 1996; *Osato et
al., 1993.

'Spada et al., 2008; *Mourvaki et
al., 2005.

lSpada et al., 2008; 2Wijera‘[ne et
al., 2006; *Carbonaro et al., 2002;
*Gil et al., 2002; Ballot et al.,
1987.

1Spada et al., 2008; Wen et al.,
1999; *Ballot et al., 1987.

1Spada et al., 2008; 2Fang Chen et
al., 2007; *Beekwilder et al., 2005;
*Mullen et al., 2002.

'Spada er al., 2008; *Dani et al.,
2008; SHorvatha et al., 2006,
*Chafer et al., 2005; SKammerer et
al., 2004; ®Yilmaz and Toledo,
2004.

'Spada er al., 2008; *Carasek et al.,
2006; >Miean et al, 2001:
*Mercadante et al., 1999; Ballot et
al., 1987.

'Spada et al., 2008; *Augusto et al.,
2000.

lSpada et al., 2008; Kiselova et al.,
2006; *Ballot et al., 1987.

'Spada er al., 2008; *Almeida et al.,
1995.

'Spada et al., 2008; *Ricén et al.,
2005; *Gil-Izquierdo et al., 2004;
*Nogata et al., 2003.
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Table 2. Biological activities of fruits

Fruits Biological activities References

Acai Antioxidant activity' 'Spada er al., 2008; °Rocha er al, 2007;
Vasodilatory activity” *Rodrigues et al., 2006; *Schauss et al., 2006;
Anti-inflammatory effect’ SLichtenthaler e al., 2005.
Mutagenic activity'

Acerola Antioxidant activity' 'Spada et al., 2008, *Hanamura et al., 2005.

Apple Antioxidant activityl’2 1Spada et al., 2008, ’Leu et al., 2006

Black Antioxidant activity'” 1Spada et al., 2008, 2Kim and Park, 2006.

mulberry Anti-inflammatory effect?

Cashew apple  Antioxidant activity ' 'Spada et al., 2008, *Green et al., 2007; *Konan
Mutagenic/comutagenic activities "> e al., 2006; ‘Melo Cavalcante et al., 2003;
Antibacterial activity” >Trevisan et al., 2006
Antimutagenic activity 43

Coconut Antioxidant activit%/l’s’6 lSpada et al., 2008, 2Sandhya and Rajamohan,
Mutagenic activity 4 2006; 3Petta et al., 2004; 4Narasimhamurthy et
Antimutagenic activity3 )3 al., 1999; Nalini et al., 1997; °Bell and Kamens,
Anticarcinogenic activity’ 1990.

Cupuacu Antioxidant activity'~ 'Spada e al., 2008; *Yang et al., 2003.

Kiwi fruit

Lemon

Mango

Melon

Orange

Papaya

Passion Fruit

Antimutagenicity'
Comutagenic activity; low
antimutagenic and mutagenic
effects'”

Anticarcinogenic activity4
Antifungal activity'
Antimutagenic activityz'4
Anticarcinogenic activity’
Antioxidant activityl’3 >
Anti-inflammatory activity2
Anticarcinogenic activity4
Antimutagenic activityl’6
Antidiarrhoeal activity’
Antibacterial activity’
Antioxidant activityl'4
Antioxidant activityl’3 36
Adrenergic activity2
Antigenotoxic activity4
Antimutagenic activity"’

1,2,4,5,8,14

Antioxidant activity
11,14

Antibacterial ac‘[ivi‘[y3
Inhibitory effect on sperm motility6
Antifertility activity”>'*!%1
Androgenic activity"

Antioxidant activity'~

'Spada et al., 2008; *Deters et al., 2005; *Tang
and Edenharder, 1997; *Edenharder et al., 1994.

'Ben-Yehoshua et al., 2008; 2Spada et al., 2008;
3Higashimoto et al., 1998; “Bala and Grover,
1989; *National Toxicology Program, 1990.
'Spada er al., 2008; *Knodler er al, 2007;
*Mahattanatawee et al., 2006; 4Rodriguez et al.,
2006; ’Percival et al., 2006; °Pardo-Andreu et
al., 2006; 'Sairam et al., 2003

'Spada et al., 2008; Lester, 2008; *Vouldoukis
et al., 2004; *Lester et al., 2004.

'Spada et al., 2008; *Nelson et al., 2007;
3Jayaprakasha et al., 2007 ; *Franke et al., 2006;
5Deyhim et al., 2006; °Hosseinimehr and
Karami, 2005 ; 7Miyazawa et al.,1999;

'Spada et al., 2008; *Lohiya et al., 2008; *Nayak
et al., 2007 ; *Gambera et al., 2007 ; *Mehdipour
et al., 2006 ; “Rahmat ez al., 2004 ; "Lohiya et
al., 1999 ; *Imao er al., 1998; °Lohiya et al.,
1994 ; '°Chinoy et al., 1994, "Osato et al.,
1993 ; 12Lohiya and Goyal., 1992; 13 Chinoy and
Ranga Geetha, 1984 ; 14Emeruwa, 1982 ;
>Gopalakrishnan and Rajasekharasetty, 1978.
'Spada er al., 2008; *Nassiri-Asl et al., 2007.
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Peach
Pineapple

Raspberry

Red grape

Red guava

Strawberry

Soursop

Tangerine

Anticonvulsant effect®
Antioxidant  and
activities'

Antioxidant activityl'3
Antifertility activity”
Antioxidant activityl’z'6
Antimutagenic activity'
Vasodilatory activi‘[y3
Antioxidant activityl’2’4’6’8’9’13’14
Antimutagenic activity'

Antibacterial activity’
Anticarcinogenic activity™
Antiarthythmic and cytoprotective
effects’

Protective effects against ischemia-
reperfusion'*"

Radioprotective effects'*
Antiexudative and  capillaritonic
effects'®
Vasodilatory activity
Antioxidant activity'”
Antibacterial activityz’4
Antimutagenic effect'®
Hypoglycemic effects™’

antimutagenic

11,12

Antioxidant activity'™
Mutagenic activity'

Antioxidant and  antimutagenic
activities'
Antioxidant and  antimutagenic
activities'

'Spada et al., 2008

'Spada et al., 2008; ’Herraiz and Galisteo, 2003;
3Sun et al., 2002 ; *Garg et al., 1970

'Spada et al., 2008; *Viljanen et al., 2004, *Wada
and Ou, 2002; “Mullen et al., 2002; *Wang and
Jiao, 2000; °Kalt et al., 1999.

'Spada et al., 2008; *Kedage et al., 2007;
‘Thimothe et al., 2007; *El-Ashmawy et al.,
2007; Lala et al., 2006 : °Devi et al., 2006 ; ' Al-
Makdessi et al., 2006 ; ®Janisch er al., 2006;
9Stagos et al., 2005; 1ONakagawa et al., 2005;
"Madeira et al., 2005; 280ares et al., 2004,
BShafiee er al., 2003; “Castillo er al., 2000;
Maffei Faciné et al., 1996; 167 afirov et al.,
1990.

'Spada et al., 2008; *Pelegrini et al., 2008; *Rai
et al., 2007; *Abdelrahim et al., 2002; *Jime nez-
Escrig et al., 2001; SGrover and Bala, 1993;
"Cheng and Yang, 1983.

'Spada et al., 2008; *Kiselova er al, 2006;
3Rababah er al., 2005; *Kahkonen et al., 2001.

'Spada et al., 2008.

'Spada et al., 2008.
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Apesar da diversidade na producdo de frutas e de ser o maior exportador
mundial de suco de laranja, o Brasil ndo apresenta tradicio no consumo de sucos de
frutas industrializados. Segundo o Instituto Brasileiro de Frutas (IBRAF, 2007), o
consumo per capita de sucos no pais é equivalente a 6 litros/hab/ano, bastante inferior
ao dos Estados Unidos (45 litros/hab/ano), Alemanha (59 litros/hab/ano) e Franga (63
litros/hab/ano).

O suco de fruta tem, ainda, como forte concorrente os refrigerantes, que
apresentam preco final mais baixo, massificando o consumo. Por outro lado, as
recomendacdes para ingestdo de bebidas sauddveis e funcionais t€m impulsionado a
industria de frutas, que tem procurado desenvolver produtos mais econdmicos, como
por exemplo, as polpas de fruta congeladas. Particular interesse tem sido dado as frutas
tropicais brasileiras, que vem despertando o interesse de varios paises, inclusive Europa
e Estados Unidos (IBRAF, 2007).

A produgdo de frutas congeladas representa uma importante fonte de renda para
o pais, jd que as industrias podem produzir as polpas de frutas na época da safra e
revendé-las de acordo com a necessidade do mercado, evitando as perdas decorrentes do
armazenamento e/ou transporte de frutas in natura. O mercado de frutas congeladas
vem crescendo consideravelmente, ji4 que as polpas sdo utilizadas ndo somente para
preparo de sucos, mas também, na formulacdo de iogurtes, doces, biscoitos, bolos,
sorvetes e alimentos infantis (Bueno et al., 2002).

Estudos epidemioldgicos t€ém demonstrado a associacdo entre dietas ricas em
frutas e verduras e a diminuicdo de diversas doencas, incluindo diabetes, doengas

cardiovasculares, neurodegenerativas, céncer e osteoporose (para revisdo, ver
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D’ Archivio, 2007). Estes efeitos podem ser decorrentes, pelo menos, em parte, da
reconhecida atividade antioxidante das frutas in natura. Considerando que ndo existem
dados sobre a atividade bioldgica de frutas congeladas, este trabalho teve como objetivo
avaliar a atividade antioxidante, mutagénica e antimutagénica de 23 polpas/sucos de
frutas congelados. A selecio das amostras levou em consideragdo a disponibilidade
destes produtos para o consumidor e incluiu tanto as frutas mais consumidas pela
populacdo, como também as frutas tropicais brasileiras.

Para a determinagdo da concentracdo de polpa de fruta a ser utilizada nos
ensaios, tomou-se como base a recomendacio do fabricante para preparaciao de suco, ou
seja, uma dilui¢do aquosa de 40% (p/v). Essa concentracdo foi utilizada para a
determinagdo da atividade antioxidante in vitro (DPPH, SOD- e CAT-like e nos ensaios
em homogenizado de cérebros de ratos). Para os ensaios in vivo (mutagé€nese e
antimutagénese) utilizou-se a maior concentra¢do ndo citotoxica a levedura
Saccharomyces cerevisiae (20% p/v) e mais duas concentracdes que foram de 5 e 10%
(p/v).

Todas as amostras estudadas pertenciam ao mesmo lote de fabricacdo e foram
armazenadas a -12° C, sendo descongeladas previamente a realizacéo de cada ensaio. Os
teores de carboidratos, lipidios e proteinas, bem como o pH e acidez total de cada fruta
sao mostrados no Capitulo 1. Como esperado, as 23 frutas congeladas apresentaram
teores de proteinas e lipidios baixos (valores médios de 0,42 e 0,08%, respectivamente)
e concentragdes variadas de carboidratos, com um minimo de 0,10% para a polpa de
coco até 17,8% para a tangerina. Ndo foi encontrada correlagdo entre esses dados e a
atividade bioldgica descrita para cada fruta neste trabalho.

Além dos macronutrientes, verificou-se que as polpas, mesmo congeladas

apresentaram quantidades significativas de polifendis, carotendides totais e vitamina C
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(Capitulo 1, Tabela 2). Os valores de polifendis totais variaram de 1,49 para a maca até
22,83 mg% (em equivalentes de catequina) para o maracujd. O maior teor de
carotendides totais foi encontrado na pitanga (1,87 mg%) e o menor na graviola (0,01
mg%). Os valores de vitamina C apresentaram a maior variacdo, com um valor minimo
de 1,19 na maga até 224,57 mg% para a acerola.

De modo geral, especialistas da drea de nutricdo tem preferido recomendar a
utilizacdo de sucos preparados a partir de frutas in natura, considerados mais ricos em
compostos bioativos. No entanto, até o momento, os dados acerca da influéncia do
congelamento na composicdo de macro e microelementos de frutas congeladas sdo
escassos. O congelamento de acerola reduziu em 3% o conteddo de vitamina C presente
na fruta in natura (Yamashita et al., 2003). Ja para limao (Pedrao et al., 1999) e manga
(Brunini et al., 2002) ndo foram observadas reducdes significativas de dcido ascérbico
apdés o congelamento. Por outro lado, framboesas congeladas em nitrogénio liquido
perderam 50% do seu teor original de vitamina C, fato atribuido a forma de
congelamento (Beekwilder et al., 2005).

A estabilidade dos carotendides, estudada apenas em polpa de acerola, mostrou
uma reducdo significativa destes compostos (70%) apds onze meses de congelamento
da fruta fresca (Agostini-Costa et al., 2003). Em relacdo aos polifendis, os dados sao
contraditérios. Em acerola, verificou-se perda de 14% do teor de antocianidinas
(Agostini-Costa et al., 2003) apds o congelamento, ao contrario do suco de laranja, o
qual ndo mostrou alteracdo no contetido de polifendis totais (Franke et al., 2004). Estes
resultados mostram a necessidade de mais estudos acerca da estabilidade de compostos
bioativos apds o congelamento, avaliando, ndo s6 as diferentes formas de

processamento, mas, também, o tempo de armazenamento dos produtos.
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Até o momento, nio existem estudos mostrando a influéncia do congelamento
no teor de minerais das frutas. Neste trabalho foram determinados 14 minerais (PIXE)
em cada polpa de fruta (Capitulo 2, Tabelas 1, 2 e 3) e os valores encontrados sdo
semelhantes aos observados em frutas in natura (Rizzon et al., 2004). Estes resultados
compdem o primeiro banco de informagdes acerca dos teores de minerais em 23
diferentes frutas e constituem-se numa ferramenta imprescindivel ao cdlculo do
percentual de ingestdo didria de minerais recomendada (National Academy of Sciences,
1997) para a manuteng¢do da satide da populacio.

Mesmo supondo-se uma possivel perda de compostos bioativos durante o
processamento/congelamento das polpas, verificou-se que todas elas apresentaram
atividade antioxidante (Capitulo 1, Tabela 3). Dezessete frutas mostraram atividade
antioxidante similar a do dcido ascérbico no ensaio que mede a capacidade de varredura
do radical livre DPPH. Todas as polpas congeladas foram capazes de reagir com o
peréxido de hidrogénio (atividade CAT-like) e 16 delas apresentaram atividade SOD-
like, ou seja, foram capazes de dismutar o radical 0,". Importante salientar, que cada
ensaio mostrou uma classificacdo diferente para a atividade antioxidante das frutas,
tornando-se dificil determinar qual € mais antioxidante, ja que o tipo de ensaio realizado
influi no resultado obtido. A capacidade de uma amostra de doar &tomos de hidrogénio
(atividade redox) é avaliada no teste do DPPH’ (Yamaguchi et al., 1998). J4 os ensaios
SOD e CAT-like sdo especificos para avaliar a presenca de compostos capazes de reagir
com superéxido (Bannister & Calabrese, 1987) e peroxido de hidrogénio,
respectivamente (Aebi, 1984). Sabe-se que alguns polifendis, como a catequina
(Silalahi, 2002) e a quercetina (Ferguson, 2001; Halliwell & Gutteridge, 2007) sdo
excelentes varredores de espécies reativas de oxigénio. Neste sentido, seria interessante

quantificar os compostos fendlicos majoritarios presentes nas frutas congeladas e sua
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influéncia na atividade bioldgica. No entanto, deve-se levar em conta, também, que a
acdo sinérgica entre os compostos que fazem parte de uma mistura complexa pode ser
mais importante que a de um composto isolado (Moure et al., 2001).

Embora ndo existam estudos sobre atividade antioxidante de frutas congeladas,
vdrias frutas in natura (para revisdo, ver Capitulo 4 e Introducio, Tabela 1) e extratos
obtidos com solventes organicos (Wang et al., 1996; Silalahi, 2002; Edenharder, 2002)
mostraram efeitos bioldgicos importantes, os quais foram atribuidos a presenca de
polifendis, carotendides e vitaminas.

De forma similar ao observado neste trabalho, a atividade antioxidante de frutas
in natura também depende do ensaio realizado (Tabela 2). Comparando-se os resultados
obtidos em quatro testes que medem a atividade antioxidante in vitro (FRAP, TRAP,
TEAC e DPPH) verificou-se que a framboesa, tanto in natura quanto congelada, foi a
fruta que mostrou a maior atividade antioxidante. Abacaxi, meldo e morango
apresentaram resultados semelhantes, tanto para a fruta in natura, quanto congelada.
Deve-se considerar, no entanto, que os ensaios FRAP, TRAP e TEAC foram realizados
com frutas produzidas na Itdlia (Pelegrini et al., 2003), enquanto que o DPPH" com
frutas produzidas no Brasil.

Além da atividade antioxidante, doze frutas (coco, cupuagu, graviola, maca,
manga, laranja, mamdo, péssego, framboesa, uva, goiaba e tangerina) apresentaram
efeito antimutagénico em células de S. cerevisiae tratadas com perdxido de hidrogénio
(Capitulo 1, Tabela 5). Este efeito mostrou correlagdo positiva com a atividade CAT-
like observada (r = 0,400; p < 0,05), sugerindo que a capacidade de reacdo com o
peréxido de hidrogénio é um mecanismo importante para evitar danos ao DNA. O

peréxido de hidrogénio é um forte oxidante, podendo provocar inclusive quebras duplas
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Tabela 2. Atividade antioxidante de frutas in natura e congeladas.

Frutas in natura Frutas congeladas
Amostras
FRAP TEAC TRAP DPPH
Abacaxi 4 3 3 3
Framboesa 1 1 1 1
Kiwi 6 5 6 1
Laranja 3 4 4 1
Melao 8 7 8 3
Morango 2 2 2 1
Péssego 7 6 7 1
Tangerina 5 8 5 2
Referéncias Pelegrini et al., 2003 Spada et al., 2008- Capitulo 1

FRAP: ferric reducing-antioxidant power, TEAC: trolox equivalent antioxidant
capacity; TRAP: total radical-trapping antioxidant parameter.

“Os nimeros referem-se classificagdo de cada fruta no respectivo ensaio, sendo a
maior capacidade antioxidante representada pelo niimero 1.

no DNA (Henriques et al., 2001; Halliwell & Gutteridge, 2007). Sabe-se que o per6xido
de hidrogénio participa da reacdo de Fenton, formando radical hidroxila (Halliwell &
Gutteridge, 1986), o qual pode danificar o DNA (Picada et al., 2003, Halliwell &

Gutteridge, 2007).

Curiosamente, apesar dos efeitos benéficos observados, quatro frutas (agai, caju,
kiwi e morango), foram capazes de induzir danos ao DNA em todas as concentracdes
avaliadas (5, 10 e 15% p/v - Capitulo 1). E importante, salientar, no entanto, que em
baixas concentracdes (até 1% p/v) estas frutas ndo apresentaram atividade mutagé€nica
em leveduras (dados ndo mostrados), minimizando, portanto, o risco de mutagenicidade

ao homem. Qutros sucos de frutas, como caju (Melo Cavalcante et al., 2003) e laranja
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(Franke et al., 2004) também se mostraram, concomitantemente, antioxidantes e
mutagénicos no teste de Ames. Estudos em mamiferos, avaliando, entre outros fatores, a
absorcdo e metabolizacdo hepatica, seriam importantes para esclarecer melhor estes
efeitos, aparentemente, contraditdrios.

Neste trabalho, observou-se (Capitulo 1, Tabela 4) correlacdo positiva entre a
atividade mutagénica na levedura S. cerevisiae e o teor de polifendis (r = 0,688; p <
0,05); carotendides (r = 0,654; p < 0,01) e vitamina C (r = 0,640; p < 0,05) para os
revertentes his (mutagdo locus  especifica). Nos revertentes hom (mutacdo por
deslocamento de quadro de leitura), foi observada correlagdo positiva entre o efeito
mutagénico e a concentracio de carotendides (r = 0,701; p <0,05) e de vitamina C (r =
0,752; p <0,05). No meio seletivo lis (mutacdo locus especifica) verificou-se correlagio
positiva entre o efeito mutagénico e a concentracdo com carotendides (r = 0,793; p <
0,01). Embora outros estudos sejam necessarios, parece haver certa especificidade dos
compostos antioxidantes em relacio aos diferentes tipos de mutacdo ao DNA. O teor de
carotendides estd associado tanto a mutagdes por deslocamento do quadro de leitura
quanto locus especifica, ao contrario do observado para polifendis.

Embora exista um nimero maior de trabalhos mostrando efeitos antioxidante
(para revisdo, ver Gallicchio, 2008) e antimutagénico (para revisdo, ver Ferguson &
Philpott, 2008) dos carotendides, recentemente verificou-se que alguns retindides sdo
capazes de induzir quebras duplas de DNA em leucécitos humanos (Valli et al., 2008).
Cerca de 200 polifendis dos 8.000 conhecidos, mostraram-se mutagénicos em bactérias
(Rueff et al., 1992; Ferguson, 2001). Altas concentra¢des de vitamina C também podem
induzir efeitos mutagénicos (Norkus et al., 2003 ), os quais tem sido atribuidos a
geracdo do radical hidroxila, pela reacdo de Fenton, quando em presenca de Fe e Cu

divalentes (Ferguson, 2001; Halliwell, 2001; Kaya et al., 2002). As 4 frutas que
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mostraram-se mutagénicas apresentaram teores de vitamina C altos, variando de 15,7 a
77 mg%. No entanto, outras frutas com altas concentracdes de vitamina C (abacaxi,
acerola, graviola, laranja, maracuja e tangerina) nfo apresentaram atividade mutagénica.
Essas frutas, com excecdo da tangerina, no entanto, apresentaram baixos teores de ferro,
0 que poderia ter minimizado possiveis efeitos mutagénicos. De fato, observou-se uma
correlacdo positiva entre os teores Fe (Capitulo 2) com a atividade mutagénica (Capitulo
1). As correlagdes entre a atividade mutagénica e os niveis de Fe foram r = 0,580 para
mutagdes no locus his; r = 0,680 para mutagdes no locus lis; e r = 0,902 para mutacdes
no locus hom, todas para p <0,05.

Os minerais desempenham importantes funcdes no organismo, atuando como
co-fatores enzimaticos, na estabilizacio da membrana plasmaética, e participando na
manuten¢do da homeostase celular (Halliwell & Gutteridge, 2007; Préd et al., 2008).
Mesmo congeladas, as 23 frutas estudadas neste trabalho (Capitulo 2, Tabelas 1, 2 e 3)
mostraram quantidades significativas de macro e microminerais. No entanto, com
excecdo do ferro, nenhum outro mineral mostrou correlacio com as atividades
bioldgicas estudadas.

Entre as vdrias frutas nativas brasileiras, o acaizeiro (Euterpe oleracea Mart.),
uma palmeira tropical da Amazdnia, tem chamado a atencdo do mercado nacional e
internacional. Seus frutos sdo utilizados na producdo da polpa de acai, um alimento
muito consumido pela populagdo, principalmente da regido Norte do Pais (Santos et al.,
1999), e exportado principalmente para a Europa, Estados Unidos e Austrdlia (IBRAF,
2007). No entanto, até o0 momento existem poucos estudos acerca da atividade bioldgica
do acgai. Em vista disso, selecionou-se esta fruta para o estudo da atividade antioxidante
em homogeneizado de cérebro de ratos (Capitulo 3). Este tipo de ensaio, embora ndo

avalie a absorcdo, distribuicdo e metabolizacdo das amostras ensaiadas, tem sido
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bastante utilizado (Evelson, 2001; Bavaresco, 2006; Beskow, 2008) para o estudo de
diversos compostos.

O acai mostrou-se capaz de reduzir os danos oxidativos, tanto em lipidios como
em proteinas (Capitulo 3, Figura 1), corroborando a atividade antioxidate in vitro
descrita no Capitulo 1. Entre todas as frutas estudadas, o acai apresentou a maior
atividade SOD-like (Capitulo 1, Tabela 3). De fato, no tratamento dos homogenizados
de tecidos de rato, o acai foi capaz de diminuir a atividade da enzima superéxido
dismutase a niveis inferiores ao observado nos controles (tratamentos sem presenca de
fruta). O acai apresenta altos teores de compostos fendlicos (Capitulo 4),
principalmente, ciandina3-glucosideo e a cianidina3-rutinosideo (Schauss et al., 20006),
os quais poderiam estar associados a dismutacdo do radical superdxido observada neste
trabalho.

Os dados apresentados nesta tese formam o maior banco de dados acerca dos
teores de carboidratos, lipidios, proteinas, polifendis, carotendides, vitamina C e
minerais de 23 polpas/sucos de frutas congeladas. Além disso, verificou-se que todas as
frutas estudadas apresentaram importante atividade antioxidante, sendo, 12 delas,
também antimutagénicas. Estes resultados s@o importantes, também, para a fruticultura
brasileira, um dos segmentos econdmicos de maior destaque no Pais e que vem
ganhando espaco no mercado internacional, com a exportagdo de frutas tropicais,
subtropicais e de clima temperado. Em 1998, foi criado o programa Brazilian Fruit,
coordenado pelo Instituto Brasileiro de Frutas, a Agéncia de Promocao de Exportacdes
e Investimentos (APEX-Brasil) e as associacdes do setor. As a¢des do Brazilian Fruit
objetivam promover o consumo de frutas e seus derivados no mercado nacional e
internacional, incluindo a Unido Européia, os Estados Unidos, e os novos mercados,

como Paises Asidticos, do Leste Europeu, Paises Arabes e Paises da América Latina
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como México, Chile e Argentina. Desta forma, espera-se, para 0s préximos anos, um
aumento considerdvel no consumo de frutas e derivados produzidos em nosso Pais e,
como conseqiiéncia, uma diminui¢do na incidéncia de doengas associadas a dieta, como,

por exemplo, cincer e aterosclerose (Ahmed, 2004).
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Os dados obtidos neste trabalho permitem concluir que:
As polpas/sucos de frutas congeladas apresentaram em sua composi¢do baixos
teores de lipidios (0 a 0,67 mg%) e proteinas (0,15 a 0,65 mg%). O menor contetido
de carboidratos foi encontrado no coco (0,10 mg%) e o maior na tangerina (17,80
mg%).
Mesmo apds o congelamento, as frutas mostraram um conteddo significativo de
polifendis (de 0,15 a 2,28 mg de caquina %), carotendides (de 0,01 a 1,87 mg%) e
dcido ascérbico (de 1,19 a 224,57 mg%).
Todas as frutas apresentaram Mg, Cl, P, Ca, Fe e K; 91,3% mostraram S e Si; Mn
foi encontrado em 65,2% das amostras e 0os demais minerais ocorreram em menos
de 30% das amotras avaliadas.
Todas as 23 frutas congeladas apresentaram atividade antioxidante frente ao radical
livie DPPH’. Para o agai, magi, amora, coco, cupuagu, kiwi, manga, laranja,
mamao, péssego, framboesa, uva, goiaba, graviola, morango e pitanga este efeito
foi semelhante ao da vitamina C.
Todas as frutas mostraram atividade CAT-like e 56% dessas SOD-like, sendo essa
dltima mais pronunciada nas polpas de acai, caju, coco, cupuacgu, kiwi, limdo,
laranja, uva e pitanga.
O acai foi capaz de reverter os danos oxidativos em lipidios e proteinas induzidos
pelo peroxido de hidrogénio em homogeneizados de cortex, cerebelo e hipocampo
de ratos Wistar.

Acai, caju, kiwi e morango mostraram-se mutag€nicas para a levedura



Saccharomyces cerevisiae, quando ensaiadas em altas concentracdes (5, 10 e 15%
p/v).

Doze polpas de frutas (macgd, coco, cupuacu, manga, laranja, mamao, pé€ssego,
framboesa, goiaba, graviola, uva e tangerina) mostraram-se antimutagénicas nos
ensaios com a levedura S cerevisiae. Este efeito apresentou correlagdo positiva com

a atividade CAT-like.
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Como continuidade deste trabalho, pretende-se:

Avaliar o efeito do processamento (congelamento/liofilizacdo) das frutas na
sua composicao e atividade bioldgica.

Determinar os compostos fendlicos majoritarios e carotendides presentes nas
frutas congeladas (cromatografia liquida de alta efici€ncia), verificando a
influéncia de cada composto na atividade bioldgica da frutas.

Estudar a mutagenicidade das polpas de acai, caju, kiwi e morango in vivo
(em cultura de células de mamiferos), a fim de entender melhor a relagdo
existente entre atividade mutagénica e antioxidante.

Avaliar a possivel atividade quimiopreventiva das frutas congeladas,
utilizando-se, como modelo, linhagem de células tumorais.

Realizar diferentes bioensaios, utilizando as polpas em dietas, curvas de
sobrevivéncia, avaliacdo comportamental, teste de memoria, desenvolvimento

embrionario.
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