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RESUMO 

 A produção mundial de vinho, estimada em torno de 149 milhões de hectolitros 

por ano, gera uma grande quantidade de resíduos (aproximadamente 13% do peso da 

uva processada), o qual é utilizado como fertilizante ou simplesmente descartado. Estes 

resíduos são ricos em polifenóis, capazes de prevenir diversas patologias, incluindo 

câncer, aterosclerose e doenças neurodegenerativas. Neste trabalho, avaliou-se o 

conteúdo de polifenóis totais, atividade antioxidante, antiinflamatória e analgésica de 

extratos aquosos obtidos a partir de sementes de resíduos de vinificação de Vitis 

labrusca (cv. Bordo e Isabel) e Vitis vinifera (cv. Cabernet Sauvignon e Merlot). Os 

compostos fenólicos majoritários encontrados nos extratos foram a (+)-catequina, (-)-

epicatequina e (-)-epigalocatequina, dímeros de procianidinas B1, B2, B3, B4 e o ácido 

gálico. Todos os extratos mostraram importante atividade antioxidante, tanto in vitro, 

como em células eucarióticas da levedura Saccharomyces cerevisiae. Observou-se uma 

correlação positiva entre a atividade antioxidante e o conteúdo de polifenóis totais, 

sugerindo que esses compostos são responsáveis, ao menos, em parte, pelo efeito 

biológico observado. Nenhum dos extratos apresentou atividade analgésica, mas todos 

mostraram-se capazes de diminuir a migração linfocitária em ratos tratados com 

carragenina. Esses dados sugerem que é possível obter-se extratos aquosos a partir de 

resíduos de vinificação, tanto de V. vinifera como de V. labrusca, com importante 

atividade biológica. 
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ABSTRACT 

 The worldwide wine production is around 149 millions of hectoliters per year 

which generate around 13% by weight of the grapes processed as wastes, which are 

generally used as fertilizer or simply discarded. These residues are sources of phenolic 

compounds that contribute to the prevention of several diseases, including cancer, 

atherosclerosis and neurodegenerative disorders. This work evaluated the total phenolic 

content, antioxidant, anti-inflammatory and analgesic activities of aqueous grape seed 

extracts from winery wastes of Vitis labrusca (cv. Bordo and Isabella) and Vitis vinifera 

(cv. Cabernet Sauvignon and Merlot). The major phenolic compounds found in extracts 

were (+)-catechin, (-)-epicatechin, (-)-epigallocatechin, procyanidins dimers B1, B2, 

B3, B4 and gallic acid.  All extracts showed an important antioxidant activity both in 

vitro and in vivo using eukaryotic cells of Saccharomyces cerevisiae. This effect 

showed a positive correlation with total phenolic content, suggesting that these 

compounds are responsible, at least in part, for the biological benefits observed. None 

of the extracts showed analgesic activity, however, all extracts were able to diminish the 

migration of lymphocytes in rats treated with carrageenan. These data suggest that it is 

possible to obtain aqueous extracts from seeds of winery by-products (both from V. 

vinifera and V. labrusca) with important biological activity.  
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1. INTRODUÇÃO 

   

O Estado do Rio Grande do Sul é o maior produtor de vinho do País, com cerca 

de 465 milhões de litros produzidos no ano de 2007 (Ribeiro de Mello, 2008). Para a 

produção de vinhos finos, utiliza-se a espécie Vitis vinifera, principalmente as 

variedades Cabernet Sauvignon e Merlot. A produção de vinhos de mesa e sucos é feita, 

principalmente, a partir de Vitis labrusca, variedades Bordo e Isabel. Cerca de 13% do 

peso da uva processada durante a elaboração do vinho resulta em resíduo (casca, galhos 

e sementes), no qual, normalmente, é usado como adubo ou simplesmente descartado 

(Torres, et al., 2002). Sabe-se que, mesmo após o processamento industrial, ainda 

restam, nestes resíduos, quantidades significativas de compostos com atividade 

biológica, principalmente, antioxidante (Alonso et al., 2002; Yilmaz & Toledo, 2004, 

Makris et al., 2007). 

Extratos de resíduos de vinificação de V. vinifera, preparados com solventes 

orgânicos (acetato de etila, água/hexano, metanol/etanol/água, água/etanol), já tiveram 

sua atividade antioxidante avaliada (Torres et al., 2002; Yilmaz & Toledo, 2004, Pinelo 

et al., 2005; Makris et al., 2007). No entanto, esses produtos apresentam utilização 

limitada, tanto para a indústria farmacêutica como cosmética, devido à presença de 

resíduos de solventes. Até o momento, não existem dados sobre a possibilidade de 

obtenção de extratos com atividade biológica a partir de V. labrusca, ou utilizando água 
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como solvente.  

Em vista disso, este trabalho teve como objetivo avaliar as atividades 

antioxidante, antiinflamatória e analgésica de extratos aquosos de sementes de resíduos 

de vinificação de V. labrusca L. (variedades Bordo e Isabel) e de V. vinifera L. 

(variedades Cabernet Sauvignon e Merlot), bem como determinar os compostos 

fenólicos majoritários presentes nesses extratos. 

 Os resultados estão apresentados em dois capítulos. No primeiro, estudou-se a 

composição fenólica, a atividade antioxidante in vitro (capacidade de varredura do 

radical livre 2,2-difenil 1-picrilhidrazil) e a atividade antioxidante in vivo (células da 

levedura Saccharomyces cerevisiae) dos diferentes extratos. No segundo capítulo, 

avaliou-se a atividade antioxidante ex vivo (empregando-se fatias de fígado de ratos 

Wistar), e a atividade antiinflamatória e analgésica in vivo dos quatro extratos de 

sementes provenientes de resíduos de vinificação. 
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2. REVISÃO DA LITERATURA 

2.1 Uvas: composição e atividade biológica 

A videira (Vitis sp) foi introduzida no Brasil em 1532, com a espécie Vitis 

vinifera, originária de Portugal (Camargo, 1994). Entre os anos de 1830 à 1850, foram 

trazidas cultivares de origem americana, denominadas Vitis labrusca. Essas videiras 

difundiram-se rapidamente em todo país (Camargo, 1994; Giovannini, 1999) e, a partir 

da segunda metade do século XIX, a vitivinicultura passou a ter importância comercial 

principalmente para os estados do Rio Grande do Sul, Santa Catarina, São Paulo, Minas 

Gerais, Bahia e Pernambuco (Camargo, 1994). 

  A espécie V. vinifera é a mais utilizada para a elaboração de vinhos finos 

(Winkler et al., 1997), principalmente a partir das cultivares Cabernet Sauvignon e 

Merlot (Giovannini, 1999).  Já a V. labrusca é usualmente empregada na produção de 

vinhos comuns e sucos (Soares de Moura et al., 2002). Entre as principais cultivares 

americanas no Brasil, estão a Bordo, também conhecida como Yves e a Isabel, também 

chamada de Isabella (Giovannini, 1999).  

As uvas são ricas em compostos polifenólicos (Gabetta et al., 2000; Saucier et 

al., 2001; Monagas et al., 2003; Ashraf-Khorassani & Taylor, 2004; Kammerer et al., 

2004; Nicoletti et al., 2008), conhecidos por sua importante atividade antioxidante (para 

revisão, ver Ferguson, 2001 e Ferguson e Philpott, 2008). De forma geral, os polifenóis 
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podem ser classificados em flavonóides e não flavonóides. Os flavonóides apresentam 

uma estrutura hidrocarbonada (Figura 1) do tipo C6-C3-C6 (difenilpropano), derivada do 

ácido chiquímico e de três restos de acetato (Trueba & Sanchéz, 2001; Aron & 

Kennedy, 2008) e são divididos em diversas classes (flavan-3-ol, flavona, flavonol, 

flavanona, flavononol, antocianidina, chalcona, aurona), de acordo com o grau de 

oxidação do oxigênio heterocíclico (Figura 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 1. Núcleo fundamental e classificação dos flavonóides (Adaptado de Aron & 

Kennedy, 2008).  

NÚCLEO FUNDAMENTAL  

FLAVONA FLAVONOL FLAVANONA 

FLAVAN-3-OL FLAVONONOL ANTOCIANIDINA 

CHALCONA AURONA 
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 A subclasse mais comum dos flavonóides encontrada nas sementes de uva é a 

dos flavan-3-ols, também conhecidos como taninos. Neste grupo estão os monômeros 

(+)-catequina, (-)-epicatequina e (-)-epigalocatequina (Aron & Kennedy, 2008) e os 

dímeros de flavan-3-ols, como as protoantocianidinas B-1 ((–)-epicatequina-(4β→8)-

(+)-catequina), B-2 ((-)-epicatequina-(4β→8)-(–)-epicatequina), B-3((+)-catequina-

(4α→8)-(+)-catequina) e B-4 ((+)-catequina- (4α→8)-(–)-epicatequina) (Aron & 

Kennedy, 2008). A estrutura dos principais monômeros e dímeros de flavan-3-ols estão 

apresentados nas Figuras 2 e 3, respectivamente. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 2. Estrutura química dos principais monômeros de flavan-3-ols (Adaptado de 

Aron & Kennedy, 2008) 

Monômeros de flavan-3-ols R1 R2 R3 R4 R5 

(+)-catequina H OH H OH OH 

(-)-epicatequina H OH OH H OH 

(-)-epigalocatequina OH OH OH H OH 
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Figura 3. Estrutura química dos principais dímeros de flavan-3-ols (Adaptado de 

Weber et al., 2007) 

  

 Entre os não flavonóides estão os ácidos fenólicos, benzóicos e cinâmicos, e 

outros derivados fenólicos como os estilbenos (Singleton, 1987). Nas uvas são 

encontrados flavonóis, antocianidinas, estilbenos, flavan-3-ols, compostos não 

flavonóides e ácidos fenólicos (Ribéreau-Gayon et al., 1972; Di Stefano, 1996; Gabetta 

et al., 2000;; Saucier et al., 2001; Monagas et al., 2003; Ashraf-Khorassani & Taylor, 

Dímeros de flavan-3-ols R1 R2 R3 R4 

B1 OH H H OH 

B2 OH H OH H 

B3 H OH H OH 

B4 H OH OH H 
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2004; Kammerer et al., 2004; Koyama et al., 2007; Saiko et al., 2008). Na casca estão 

presentes os flavonóis (quempferol, quercetina e miricetina), as antocianinas (cianidina, 

delfinidina, peonidina, petunidina, malvidina), os estilbenos (resveratrol) e os ácidos 

fenólicos (ácido cafeiltartárico e o ácido p-cumariltartárico) (Koyama et al., 2007; Saiko 

et al., 2008). Os vasos fibrovasculares são ricos em flavanóis e ácidos fenólicos do tipo 

benzóico (ácidos vanílico, siríngico, salicílico, protocatéquico, o gentísico, e o p-

hidroxibenzóico) (Ribéreau-Gayon et al., 1972). Já a polpa da uva possui compostos 

não flavonóides (ácido ferrúlico, ácido p-cumárico e o ácido cafeico) (Di Stefano, 

1996). As sementes são ricas em polifenóis, apresentando cerca de 7% de flavan-3-ols 

(Fuleki & Ricardo Silva, 2003), prinicipalmente, (+)-catequina, (-)-epicatequina, (-)-

epicatequina 3-O-galato, oligômeros e polímeros de flavan-3-ols e o ácido gálico 

(Gabetta et al., 2000; Saucier et al., 2001; Monagas et al., 2003; Ashraf-Khorassani & 

Taylor, 2004; Kammerer et al., 2004; Koyama et al., 2007) (Figura 4). 

 

 

 

 

 

 

 
 

 

 

 

 

Figura 4. Distribuição dos polifenóis na uva 
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 A atividade biológica dos polifenóis está bastante estudada. Estes compostos 

apresentam atividade antioxidante, anticarcinogênica, antiaterogênica, cardiopreventiva, 

antimicrobiana, antiviral, neuroprotetora e antiinflamatória (Gabetta et al., 2000; Fan & 

Lou, 2004; Guendez et al., 2005; Aron & Kennedy, 2008; Terra et al., 2008). Extratos 

de sementes de uva da espécie V. vinifera também tem sido alvo de inúmeros estudos 

(Tabela 1) e mostram, principalmente, efeitos antioxidante, antitumoral, 

antiaterogênico, antigenotóxico e antiinflamatório. No entanto, a maior parte dos dados 

refere-se a extratos obtidos a partir de solventes orgânicos, o que limita a sua utilização 

na indústria farmacêutica, cosmética e de alimentos. Além disso, até o momento, não 

existem dados sobre os efeitos de extratos de sementes de V. labrusca, espécie bastante 

utilizada em toda a América. 

Extratos de semente provenientes de resíduos de vinificação de V. vinifera 

(Parellada, Merlot, Garnacha), obtidos com solventes orgânicos (acetato de etila/água, 

hexano, metanol/etanol/água, água/etanol) mostraram atividade antioxidante in vitro 

(Torres et al., 2002; Yilmaz & Toledo, 2004; Pinelo et al., 2005; Makris et al., 2007).  

 

Tabela 1. Atividades biológicas de extratos obtidos a partir de sementes de uva 

(n.d. não determinado) 

Uva Solvente 
Atividade 

biológica 

Nome 

comercial 
Referência 

Vitis vinifera etanol/água Antitumoral Gravinol® Katiyar, 2008 

Vitis vinifera etanol/água Antitumoral Gravinol® 
Nandakumar et 

al., 2008 

Vitis vinifera etanol/água Antinociceptivo Gravinol® 
Uchida et al., 

2008 

Vitis vinifera n.d. Neuroprotetora 
Mega Natural-

AZ® 

Wang et al., 

2008 
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Vitis vinifera n.d. Neuroprotetora 
Mega Natural-

AZ® 

Ono et al., 

2008 

Vitis vinifera n.d. Antioxidante Vitisol®  
Morin et al., 

2008 

Vitis vinifera etanol/água Antitumoral Gravinol® 
Meeran e 

Katiyar, 2007 

Vitis vinifera etanol/água Antioxidante Gravinol® 
Devi et al., 

2006 

Vitis vinifera etanol/água Antitumoral Gravinol® 
Kaur et al., 

2006 

Vitis vinifera etanol/água Antitumoral Gravinol® 
Kim et al., 

2004 

Vitis vinifera etanol/água Antiaterogênica Gravinol® 
Yamakoshi et 

al., 1999 

Vitis vinifera etanol/água Antioxidante Gravinol® 
Yamaguchi et 

al., 1999 

n.d. n.d. Antiinflamatória Vitaflavan® 
Terra et al., 

2008 

n.d. n.d. Antiinflamatória Vitaflavan® 
Terra et al., 

2007 

n.d. n.d. Antiaterogênica 
Grape seed 

extract 

Polagruto et 

al., 2007a 

n.d. n.d. 
Antiplaquetária 

e antioxidante 
OligonolTM 

Polagruto et 

al., 2007b 

n.d. n.d. Antioxidante 
Mega Natural-

AZ® 

Rababah et al., 

2004 

n.d. n.d. Antioxidante AV 9090940 
Shao et al., 

2003 

n.d n.d. Antioxidante 
ChromeMate®

(IH636) 

Roychowdhury 

et al., 2001 

Vitis vinifera etanol/água Antioxidante  --- 
Tehirli et al., 

2008 
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Vitis vinifera n.d. Antioxidante  --- 
Stanković et 

al., 2008 

Vitis vinifera n.d. Antioxidante  --- 
Hemmati et al., 

2008 

Vitis vinifera etanol 

Inibição dos 

produtos 

avançados de 

glicação 

--- 
Farrar et al., 

2007 

Vitis vinifera água/acetona 

Antioxidante e 

redução de 

isquemia 

hipóxica 

--- 
Feng et al., 

2007 

Vitis vinifera água/acetona Antioxidante --- 
Balu et al., 

2006 

Vitis vinifera água 
Adaptogênica e 

nootrópica 
--- 

Sreemantula et 

al., 2005 

Vitis vinifera água/acetona 

Antioxidante e 

redução de 

isquemia 

hipóxica 

--- 
Feng et al., 

2005 

Vitis vinifera água/acetona Antioxidante --- 
Balu et al., 

2005 

Vitis vinifera 
acetato de 

etila/metanol 
Antioxidante --- 

Guendez et al., 

2005 

Vitis vinifera hexano Antioxidante --- 
Murthy et al., 

2002 

Vitis vinifera água Antioxidante --- 
Koga et al., 

1999 

n.d. n.d. Antitumoral --- 
Huang et al., 

2008 

n.d acetona/água 
Antioxidante e 

antigenotóxica 
--- 

Fan & Lou, 

2004 
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Além dos efeitos benéficos à saúde, a uva tem grande importância econômica 

para o País e região. Em 2007, o Brasil produziu 1.354.960 toneladas de uva, sendo que 

47,02% foi destinada à elaboração de vinhos e sucos de uva. Apenas no Estado do Rio 

Grande do Sul, foram produzidos cerca de 465.591.000 litros de vinho, representando 

mais da metade da produção nacional (Ribeiro de Mello, 2008).  Como resultado do 

processo de vinificação, é gerada uma grande quantidade de resíduos (cerca de 13% do 

peso da uva processada), que inclui casca, galhos e sementes. Normalmente, estes 

resíduos são descartados ou usados como adubo (Torres, et al., 2002).  Em cada 100 kg 

de resíduo úmido gerado pelas indústrias existem cerca de 10 a 12 kg de sementes 

(Oliveira et al., 2003). Apesar da possível perda de compostos bioativos durante a 

vinificação, ainda restam no resíduo, quantidades significativas de compostos fenólicos 

(Alonso et al., 2002; Yilmaz & Toledo, 2004; Rubilar et al., 2007) que podem ser 

utilizados na prevenção de doenças.  

 

2.2 Avaliação da atividade antioxidante, antiinflamatória e analgésica 

 Diferentes metodologias têm sido desenvolvidas para obter uma medição, seja 

qualitativa ou quantitativa, da capacidade antioxidante de diversos compostos, tanto 

através de testes sem a utilização de células (testes in vitro) ou utilizando-se células, 

como por exemplo, de Saccharomyces cerevisiae (testes in vivo). Considerando que a 

atividade antioxidante de um composto é influenciada pelo modelo de estudo (Halliwell 

& Gutteridge, 2007), costuma-se empregar mais de um tipo de teste para avaliação dos 

compostos. 

Dentre os testes in vitro existentes, a medida da varredura do radical livre 2,2-

difenil 1-picrilhidrazil (DPPH•) vem sendo utilizada para avaliar a atividade 
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antioxidante de diversos compostos, sendo considerado um método colorimétrico fácil e 

rápido (Brand-Williams et al., 1985; Rice-Evans et al., 1995; Cheng et al., 2006). Além 

deste, a avaliação do potencial antioxidante reativo total (TRAP) e reatividade 

antioxidante total (TAR) têm se mostrado técnicas sensíveis e reprodutíveis, que podem 

ser utilizadas para determinação da atividade antioxidante em misturas complexas (Lissi 

et al., 1992; Lissi et al., 1995; Desmarchelier et al., 1997). O ensaio TRAP avalia a 

diminuição da quimioluminescência (QL) induzida pelo luminol e o radical 2,2´-azobis 

(metilpropionamidina) diidrocloreto (AAPH), sendo que esta inibição da QL é 

proporcional a capacidade antioxidante (Lissi et al., 1995). O TAR determina o 

decréscimo inicial da QL calculado através da emissão inicial da QL (anteriormente a 

adição do antioxidante) e a intensidade de QL após a adição da amostra ou do composto 

de referência (Lissi et al., 1995). 

Ensaios in vivo utilizando microrganismos têm se mostrado muito adequados na 

triagem rotineira de vários produtos, sendo testes rápidos, sensíveis, econômicos e 

reprodutíveis (Rabello-Gay et al., 1991). A descrição do ciclo de vida de 

Saccharomyces cerevisiae e o conhecimento de suas características genéticas básicas, 

além da facilidade de manipulação e, principalmente, do fato deste microrganismo ser 

eucarioto, proporcionaram a grande difusão deste sistema biológico 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). Os dados 

obtidos nesse tipo de teste apresentam uma correlação de aproximadamente 70% em 

relação ao observado no homem (Rabello-Gay et al., 1991).  

A determinação da atividade antiinflamatória pode ser feita utilizando-se 

diferentes metodologias, preferencialmente em mamíferos. A indução de pleurisia por 
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carragenina em ratos (Ianaro et al., 2000) tem sido bastante utilizada (Nardi et al., 

2007).  Um dos modelos para avaliação da atividade analgésica é o teste de formalina, 

em que a dor é induzida pela injeção de formalina na região subplantar da pata direita 

dos ratos. Os parâmetros avaliados incluem a medida do comportamento de lamber a 

região em um determinado tempo, conforme descrito por Hunskaar & Hole (1987). 

Tendo em vista os efeitos benéficos de sementes de uva já descritos na literatura, 

neste trabalho buscou-se estudar as atividades antioxidante, antiinflamatória e 

analgésica de extratos aquosos obtidos a partir de resíduos de vinificação de V. vinifera 

e V. labrusca, duas espécies bastante utilizadas para a produção de vinhos e sucos em 

nosso País.  
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3. OBJETIVOS 

3.1 Objetivo geral 

 

� Determinar os principais compostos fenólicos majoritários e avaliar a atividade 

antioxidante, antiinflamatória e analgésica de extratos aquosos de sementes de 

resíduos de vinificação de V. labrusca L. (variedades Bordo e Isabel) e de V. 

vinifera L. (variedades Cabernet Sauvignon e Merlot). 

3.2 Objetivos específicos 

� Avaliar a atividade antioxidante in vitro dos diferentes extratos aquosos de 

sementes dos resíduos de vinificação;  

� Avaliar a capacidade antioxidante dos diferentes extratos em células eucarióticas 

da levedura Saccharomyces cerevisiae e em fatias de fígado de ratos Wistar; 

� Avaliar a atividade antiinflamatória e analgésica dos extratos em ratos Wistar; 

� Quantificar os compostos fenólicos majoritários dos extratos aquosos;  

� Correlacionar os teores de polifenóis com os efeitos biológicos observados. 
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ABSTRACT 

 

Grape seed extracts have already been reported to exhibit protective effects against 

oxidative stress, but until now there has been no data about the possible biological 

activity of the seeds present in winery by-products, which are considered an 

environmental problem. This work evaluates the main phenolic content and the 

antioxidant activity of aqueous extracts of seeds (GSE) from wine wastes of Vitis 

labrusca (cv. Bordo and Isabella) and Vitis vinifera (cv. Cabernet Sauvignon and 

Merlot). The main phenolic compounds found in extracts were catechin and epicatechin. 

All extracts showed significant in vitro and in vivo antioxidant activity that had a 

positive correlation with total phenolic content. These results show that it is possible to 

extract phenolic compounds with antioxidant activity from winery by-products using 

water as a solvent, which can provide an important use for the wine wastes and thus 

help to maintain environmental balance.  

 

Keywords: Aqueous grape seed extract, phenolic content, V. vinifera, V. labrusca, 

DPPH•
, Saccharomyces cerevisiae 
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1. INTRODUCTION 
  

 Worldwide wine production is around 149 million hectoliters per year (OIV, 

2008). Vitis Vinifera is the most commonly used grape. The main varieties are Cabernet 

Sauvignon and Merlot. In South and North America, Vitis labrusca, especially the 

Bordo and Isabella varieties, is also used to produce wine and grape juice (Soares de 

Moura et al., 2002).  

Wine production generates by-products composing an estimated 13% by weight 

of the grapes processed, which are generally used as fertilizer or simply discarded 

(Torres et al., 2002). These residues are sources of antioxidants (mainly phenolic 

compounds) that have been relatively unexploited to date, but are of increasing interest 

to industry. Winery residue consists of approximately 30% seeds and 70% skin 

(Guendez et al., 2005). Despite the transfer of phenolic compounds from grapes to 

wine during the winemaking process and the possible loss of some of these 

compounds by oxidation during the process, the seed by-products are still good 

sources of antioxidant compounds (Alonso et al., 2002; Torres et al., 2002; Yilmaz 

and Toledo, 2004; Makris et al., 2007).  

 Antioxidants, especially phenolic compounds, are known to exert a beneficial 

effect on human health, reducing the rates of cancer, atherosclerosis and age-related 

degenerative disorders (Ferguson, 2001). Grape seeds are rich in phenolic compounds, 

and studies have already reported on the antioxidant activity of grape seed extract 

(GSE) obtained using organic solvents (Fan et al., 2004; Yilmaz and Toledo, 2004; 

Guendez et al., 2005; Pinelo et al., 2005; Makris et al., 2007). Nevertheless, this extract 

has limited use, mainly due to the high cost of the extraction processes and the presence 

of used solvent residues. 



 
 

 18

This study aims to determine whether it is possible to obtain extracts with 

antioxidant activity from winery by-products using water as a solvent. The main 

phenolic content of these extracts was also analyzed. 

 

2. MATERIALS AND METHODS 

2.1 Chemicals 

 Procyanidins B1, B2, B3, and B4, (+)-catechin, (-)-epicatechin, (-)-

epigallocatechin, gallic acid and 2,2-diphenyl-1-picrylhydrazyl (DPPH˙) were 

purchased from Sigma-Aldrich (St. Louis, MO). All other reagents were purchased 

from Merck (Germany). 

 

2.2 Vinification by-products 

 The winery by-products of V. labrusca (cv. Bordo and Isabella) and V. vinifera 

(cv. Cabernet Sauvignon and Merlot) were removed from the vinification tanks five 

days after the beginning of fermentation, in January 2006. All varieties were cultivated 

in the Northeast region of Serra Gaucha, Rio Grande do Sul, Brazil. Voucher specimens 

were identified by the Herbarium of the University of Caxias do Sul, Rio Grande do 

Sul, Brazil (V. labrusca HUCS31065-31066 and V. vinifera HUCS32455-32456). Seeds 

were manually separated from the rest of the winery by-products, dried in an air oven at 

37ºC and stored at 25ºC while sheltered from light. 

 

2.3 Preparation of the extracts 

  Grape seeds were pounded in a Knife (Quimis, Brazil) immediately before each 

assay. Different concentrations of seeds and times for extraction were analysed. In vitro 
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antioxidant activity (DPPH˙ assay) was used to choose the best extraction conditions, 

which were found to be five grams of seeds/100 mL of distilled water (5% w/v), under 

reflux (100°C), for 30 minutes. Extracts were cooled to 25ºC and then filtered in 

Millipore equipment (pore size, 0.45 µm; catalog number SFGS 047LS, Millipore 

Corp., São Paulo, Brazil). All grape seed extracts (GSE) were prepared immediately 

before use. 

 

2.4 Determination of total phenolic content 

 Total phenolic content of the GSE was measured using Singleton and Rossi´s 

(1965) modification of the Folin–Ciocalteu colorimetric method. Two hundred 

microliters of the extracts were assayed with 1000 µL of Folin–Ciocalteu reagent and 

800 µL of sodium carbonate (7.5%, w/v). The mixture was vortexed and diluted (1:10) 

with distilled water. After 30 minutes, the absorption was measured at 765 nm and the 

total phenolic content was expressed as mg/L of catechin equivalents (CTE).  

 

2.5 Determination of phenolic compounds by HPLC 

 Chromatographic analyses were carried out as described by Lamuela-Raventós 

and Waterhouse (1994) using a HP 1100 (Palo Alto, CA) diode array UV-visible 

detector coupled to an HP Chem Station. A Zorbax SB C18 (250 x 4 mm), 5 µm particle 

size, was used for the stationary phase with a flow of 0.5 mL/min. Twenty-five 

microliters of GSE was injected into the HPLC system after filtration on a 0.45 µm 

Millipore membrane. The solvents used for the separation were as follows: solvent A 

(50 mM dihydrogen ammonium phosphate adjusted to pH 2.6 with orthophosphoric 

acid), solvent B (20% of solvent A with 80% acetonitrile) and solvent C (0.2 M 
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orthophosphoric acid adjusted with ammonia to pH 1.5), as described in Table 1. 

 
Table 1. Solvent gradient conditions  
 

 

  

 Chromatograms were monitored at 204 nm, and identification was based on 

retention times relative to authentic standards ((+)-catechin, (-)-epicatechin, (-)-

epigallocatechin, Procyanidin B1, B2, B3, B4 and gallic acid). Quantification was 

performed using the standards by establishing calibration curves for each identified 

compound. Results are shown in mg/L. 

 

2.6 Antioxidant activity of GSE 

 In vitro antioxidant activity of GSE was measured by 2,2-diphenyl-1-

picrylhydrazyl radical (DPPH·) scavenging activity (Yamaguchi et al., 1998). The 

different extracts were added to Tris-HCl buffer (100 mM, pH 7.0) containing 250 µM 

DPPH˙ dissolved in ethanol. The tubes were kept in the dark for 20 min and absorbance 

was measured at 517 nm (UV-1700 spectrophotometer, Shimadzu, Kyoto, Japan). 

Results were calculated as IC50 (amount of extract necessary to scavenge 50% of 

DPPH˙ radical). Catechin was used as a standard.  

 In vivo antioxidant activity was carried out using Saccharomyces cerevisiae XV 

185-14C (MATα, ade 2-1, arg 4-17, his 1-7, lys 1-1, trp 1-1, trp 5-48, hom 3-10) yeast, 
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provided by Dr. R. C. Von Borstel (Genetics Department, University of Alberta, 

Edmonton, AB, Canada). The oxidant agent was a solution of 4 mM hydrogen peroxide 

(H2O2) prepared in sterilized distilled water immediately prior to use. To evaluate 

antioxidant activity, 2 x 106 cells/mL were treated with H2O2 in the presence and 

absence of GSE. The tubes were incubated for 2 h at 28ºC. The samples were then 

diluted in a sodium chloride solution 0.9% (p/v), seeded into a complete culture medium 

(10 g/L of yeast extract, 20 g/L of peptone, 20 g/L of dextrose and 20 g/L of agar-agar) 

and incubated for 48 h at 28ºC. After incubation, the colonies were counted, defining 

the total number of colonies observed on the control plate (untreated cells) as a 100% 

survival rate.  

 

2.7 Statistical analysis 

 All measurements were performed in triplicate, and values were averaged and 

reported along with the standard deviation. Data were analyzed using the Tukey´s test 

and Pearson correlation through an SPSS 12.0 software package (SPSS Inc., Chicago, 

IL).  

 
3. RESULTS AND DISCUSSION 
 

Phenolic compounds 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 shows antibacterial effects (Avorn et al., 

1994); an ability to reduce blood pressure (Lampe, 1999) and antioxidant, anti-

inflammatory, antimutagenic and/or anticarcinogenic effects, at least in in vitro systems 

(Miyazawa et al., 1999; Rodrigues et al., 2006; Saiko et al., 2008). A prospective study 

of 800 elderly men showed that the ingestion of flavonoids was associated with a 
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significant reduction in mortality from coronary heart disease (Hertog et al., 1993). 

Furthermore, phenolic compounds can also inhibit platelet aggregation and vascular 

relaxation through the production of nitric oxide (Dubick and Omaye, 2001). 

 The aqueous GSE studied in this work presented a total phenolic content 

varying from 751.38±5.30 mg/L for Merlot to 353.20±4.60 mg/L for Isabella, which 

showed the lowest levels of phenolic content (Table 2). To our knowledge, this is the 

first work concerning quantitative data on the phenolic compounds content of seed 

extracts of the Bordo and Isabella varieties of V. labrusca. Ethanol extracts of seeds 

from the Greece white Roditis cultivar (Vitis vinifera sp.) present a range from 

7957±602 to 13,756±849 mg of gallic acid equivalents per 100 g of dry weight of 

phenolic content, depending on the type of organic solvent used (Makris et al., 2007). 

These different values can be attributed to the different varieties of grapes, soil, maturity 

and environmental growing conditions. 

In the four kinds of aqueous GSE, the main phenolic compound found was 

catechin, followed by epicatechin (Table 2). The aqueous extracts of V. vinifera studied 

herein present a phenolic composition similar to that observed in seed extracts from the 

Cabernet Sauvignon and Merlot varieties prepared in ethanol (Peng et al., 2001), 

methanol (Monagas et al., 2003; Kammerer et al., 2004) and ethyl acetate/acetone 

(Delaunay et al., 2002; Jorgensen et al., 2004; Guendez et al., 2005). The Isabella 

extract showed the lowest levels of all the compounds assayed, except for catechin and 

epicatechin. It is also possible to observe other peaks in the chromatograms (Figure 1), 

which are probably dimers, trimers or polymers of procyanidins (Santos-Buelga et al., 

1995). 
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Fig. 1. Chromatograms of aqueous grape seed extracts 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPLC of grape seed extracts, recorded at 204 nm. (A) Bordo, (B) Isabella, (C) Cabernet 

Sauvignon, (D) Merlot. (1) gallic acid, (2) procyanidin B1, (3) epigallocatechin, (4) 

procyanidin B3, (5) catechin, (6) procyanidin B4, (7) procyanidin B2, (8) epicatechin.
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Table 2. Polyphenol content (expressed in mg/L CTE) and major compounds in aqueous grape seed extracts, as determined by HPLC 

(expressed in mg/L) 

Results reported are obtained from (5%, w/v) aqueous extracts and represent average values ± S.D. TPC, total phenolic content, GA, gallic 

acid, B1, procyanidin B1, EGC, epigallocatechin, B3, procyanidin B3, CT, catechin, B4, procyanidin, B4, B2, procyanidin B2, ECT, 

epicatechin. Different letters indicate significant differences (p≤ 0.05). 

 

 

Variety TPC GA B1 EGC B3 CT B4 B2 ECT 

Bordo 744.89±3.13a 12.98±0.54ª 22.42±0.51ª 8.96±0.05ª 17.45±0.01a 169.26±0.92ª 1.85±0.12ab 19.75±0.17ª 168.86±2.82ª 

Isabella 353.20±4.60b 6.88±0.04b 8.86±0.03c 5.64±0.02a 9.72±0.01b 135.36±0.99b 1.72±0.06a 3.17±3.64b 112.40±0.32b 

Cabernet  
Sauvignon 715.59±5.87a 11.87±0.17a 26.54±1.86ab 8.14±1.29a 29.53±2.70c 106.73±0.34c 2.89±0.02b 15.23±0.08a 71.53±0.33c 

Merlot 751.38±5.30a 16.42±1.15c 27.80±0.82b 7.49±0.97a 47.16±0.45d 109.57±0.20c 2.87±0.19b 13.73±0.17a 111.08±0.05b 
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 The in vitro antioxidant assay was carried out through a DPPH· assay 

(Yamaguchi, 1998), a well-known method with high reproducibility (Espín et al., 2000). 

It was observed that all aqueous extracts showed significant antioxidant activity (Figure 

2). The Bordo extract showed the best result, followed by the Cabernet Sauvignon and 

Merlot extracts. The Isabella extract, which showed the lowest levels of total phenolic 

content (Table 2), also showed the lowest antioxidant activity. A strong correlation (r2 = 

0.950, p<0.01) was observed between total phenolic content and in vitro antioxidant 

activity. 

 
 

 

 

Fig. 2. In vitro antioxidant activity of aqueous grape seed extracts. IC50 (amount (%) of 

extracts needed to scavenge 50% of DPPH, i.e., 125 µM). Control used was catechin. 

Different letters indicate significant differences (p≤ 0.05).  
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 Until now, there have been no studies showing antioxidant activity in aqueous 

extracts of grape seeds from winery by-products. However, water/acetone (Fan and Lou, 

2004), methanol/water (Yilmaz and Toledo, 2004), methanol/ethanol/water (Pinelo et 

al., 2005), ethyl acetate (Guendez et al., 2005) and ethanol (Makris et al., 2007) extracts 

have already shown in vitro antioxidant activity. Considering the low costs and the 

absence of possible organic solvent residues, the use of water as a solvent to obtain 

these extracts presents an advantage compared to traditional organic solvents.  

 

Fig. 3. Survival of S. cerevisiae in the presence of the different aqueous grape seed 

extracts and H2O2. (A) Bordo, (B) Isabella, (C) Cabernet Sauvignon, (D) Merlot. * 

significant difference from assays performed without extracts, # significant difference 

among different concentrations of extracts (p>0.05). 



 
 

 27

 Measurements of in vivo antioxidant activity were carried out using eukaryotic 

cells of Saccharomyces cerevisiae, which have proved to be very useful in the 

identification of antioxidant activity (Spada and Salvador, 2005; Raspor et al., 2005). 

For this assay, the highest noncytotoxic concentration was chosen (2.5%, v/v) as well as 

0.5% (v/v) and 1.5% (v/v) of each kind of GSE. The results (Figure 3) showed that all 

extracts present significant antioxidant activity, and are able to protect yeast cells 

against damages induced by H2O2. A positive correlation was observed between in vivo 

antioxidant activity and total phenolic content for each extract, as follows: Bordo (r2 = 

0.877, p<0.05), Isabella (r2 = 0.847, p<0.05), Cabernet Sauvignon (r2 = 0.867, p<0.05) 

and Merlot (r2 = 0.935, p<0.05).  

 H2O2, a common product formed during normal cellular aerobic metabolism, 

and/or under certain pathophysiological conditions (Das and Maulik, 2003), is able to 

induce damages in proteins and lipids as well as in DNA, mainly by the generation of 

hydroxyl radicals via the Haber-Weiss/Fenton reaction (Fan and Lou, 2004; Spada and 

Salvador, 2005). The mechanisms of the antioxidant action of phenolic compounds are 

complex and are still being studied. In a general manner, they can avoid reactive species 

formation either by inhibition of enzymes or by chelation of trace elements involved in 

free radical production, they can scavenge reactive species, and they can upregulate or 

protect antioxidant defense (Halliwell and Gutteridge, 2007). Some compounds can also 

act similarly to enzymatic defenses, since they are able to neutralize reactive species 

such as superoxide anions and hydrogen peroxide (Silalahi, 2002). Epidemiological 

studies suggest that high green tea consumption in the Japanese population (Imai et al., 

1997) and moderate wine consumption in the French population (Renaud and Lorgeril, 

1992) may be beneficial for the prevention of cancer and heart diseases. Similarly, the 

extensive exposure of populations in Asia to flavonoids from a soya-based diet is 
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believed to be involved in the lowered incidence of estrogen-dependent breast and 

prostate cancer, and in the reduction of menopausal symptoms (Ferguson, 2001). 

 The data obtained in this study show that aqueous extracts rich in phenolic 

compounds, with significant antioxidant activity, can be obtained from seeds of winery 

by-products. These extracts could be used in the cosmetic and pharmaceutical industries 

and could help maintain environmental balance, reducing storage, transformation and 

disposal problems in the wine industry. The utilization of renewable sources and the 

design of processes based on the integral exploitation of natural products are important 

especially at this time, when there is continuous population growth and natural 

resources are limited.  
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ABSTRACT 

 

Winery by-products are rich in phenolic compounds, known by their several health 

beneficial effects. The aim of this work was to evaluate the antioxidant, anti-

inflammatory, and analgesic activities of aqueous extracts of seeds (GSE) from wine 

wastes of Vitis labrusca (cv. Bordo and Isabella) and Vitis vinifera (cv. Cabernet 

Sauvignon and Merlot). All extracts showed significant antioxidant activity, which was 

positively correlated with total phenolic content, suggesting that these compounds might 

be the major contributors to the antioxidant activity of these extracts. Grape seed 

extracts also showed an important reduction in lymphocyte influx to the inflammatory 

site. No analgesic activity was observed. These results show that it is possible to extract 

phenolic compounds with antioxidant and anti-inflammatory activities from winery by-

products using water as a solvent, which would configure an important use for wine 

wastes and, thus, help maintain environmental balance.  

 

 

Keywords: Antioxidant, anti-inflammatory, grape seed, V. vinifera, V. Labrusca.  
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INTRODUCTION 

Efficient and environmentally rational utilization of agri-food industry wastes is 

of undisputed importance for higher profitability and minimal environmental impact. 

One of the higher value options is the recovery of bioactive plant food constituents, 

which could be used in the pharmaceutical, cosmetics, and food industries (1).  

Worldwide wine production is around 149 million hectoliters per year (2) and it 

generates around 13 % of the weight of the processed grapes as by-products, which are 

generally used as fertilizer or simply discarded (3). Grape seeds are rich in phenolic 

compounds, known by its several health beneficial effects, such as antioxidant, 

anticarcinogen, cardiopreventive, antimicrobial, antiviral, and neuroprotective (4).  

Grape seed extracts (GSE) obtained using organic solvents were already studied. 

(1, 5-8). However, these extracts have limited use due to the high cost of the extraction 

processes and the presence of solvent residues. 

 The aim of this work was to obtain an effective aqueous grape seed extract from 

winery by-products of Vitis vinifera (Cabernet Sauvignon and Merlot), the most 

commonly used grape in the world (9) and of Vitis labrusca (Bordo and Isabella), also 

used to produce wine and grape juice in South and North America (10). Assays of the 

antioxidant, anti-inflammatory, and analgesic activities of these extracts were conducted 

in in vitro, ex vivo and in vivo systems. 

 

MATERIALS AND METHODS 

Chemical Reagents 

 The 2,2-diphenyl-picrylhydrazyl (DPPH•), thiobarbituric acid (TBA), luminol 

(3-aminophthalhydrazide), tert-butyl hydroperoxide (t-BOOH), bovine serum albumin 

(BSA), carrageenan, and formalin were purchased from Sigma-Aldrich (St. Louis, MO). 
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The 2,2’-azobis (2-methylpropionamidine) dihydrochloride (AAPH) and 6-hydroxy-

2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were purchased from Aldrich 

Chemical (Milwaukee, WI). Acetic acid and glycine were purchased from Nuclear 

(Diadema, SP, Brazil). Trichloroacetic acid (TCA) and sodium carbonate were 

purchased from Synth (Diadema, SP, Brazil). The lactate dehydrogenase (LDH) 

commercial kit was purchased from Labtest, Brazil. 

Plant material 

 The winery by-products of V. labrusca (cv. Bordo and Isabella) and V. vinifera 

(cv. Cabernet Sauvignon and Merlot) were removed from the vinification tanks five 

days after the beginning of fermentation, in January 2006. All varieties were cultivated 

in the northeastern region of the Serra Gaucha, Rio Grande do Sul, Brazil. Voucher 

specimens were identified by the herbarium of the University of Caxias do Sul, Rio 

Grande do Sul, Brazil (V. labrusca HUCS31065-31066 and V. vinifera HUCS32455-

32456). Seeds were manually separated from the rest of the winery by-products, dried in 

an air oven at 37 ºC and stored at 25 ºC while sheltered from light. 

Preparation of the extracts 

 Grape seeds were pounded in a knife (Quimis, Brazil) immediately before each 

assay. The extracts were made with 5 g seeds/100 mL distilled water (5% w/v), under 

reflux (100 °C), for 30 minutes. Extracts were cooled to 25 ºC and then filtered in 

Millipore equipment (pore size 0.45 µm; catalog number SFGS 047LS, Millipore Corp., 

Sao Paulo, Brazil). The extracts were freeze-dried (Edward) at -60 °C, 10-2 bar, and 

were stored at -20 °C. All grape seed extracts were solubilized in distilled water 

immediately before use. Total phenolic compounds and the major constituents of the 

extracts are shown in Table 1.  
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Table 1. Total polyphenol content (mg/L of catechin) and major compounds (mg/L) in aqueous grape seed extracts.  

 

Results represent average values ± S.D. TPC, total phenolic content; GA, gallic acid; B1, procyanidin B1; EGC, epigallocatechin; B3, 

procyanidin B3; CT, catechin; B4, procyanidin B4; B2, procyanidin B2; ECT, epicatechin. Different letters indicate significant differences 

(p≤0.05)

Variety TPC GA B1 EGC B3 CT B4 B2 ECT 

Bordo 
732,19±1,44a 

11.03±0.23ª 16.58±0.16ª 6.66±0.16ª 13.46±0.87a 134.05±1.08ª 2.24±0.14ab 15.27±0.04a 130.53±0.89ª 

Isabella 
364,37±1,06b 

4.21±0.10b 6.66±0.03b 4.42±0.02b 7.15±0.08b 103.35±0.16b 2.11±0.13ab 4.98±0.16b 85.70±0.05b 

Cabernet 
Sauvignon 

679,79±1,02c 
6.72±0.27c 10.92±0.43c 2.16±0.16c 19.11±0.08c 56.92±0.10c 1.65±0.30b 5.76±0.30c 33.50±0.17c 

Merlot 
782,16±4,23a 

11.78±0.38a 23.32±1.59d 6.80±0.76a 43.88±0.16d 96.68±0.87d 2.75±0.02a 12.04±0.02d 87.68±0.86b 
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Animals 

 Three month Wistar rats (250–350 g) were obtained from our own breeding 

colony. They were caged in groups of five with free access to food and water and were 

maintained on a 12-h light–dark cycle (7:00–19:00 h) at 23±1°C. All experimental 

procedures were performed in accordance with the National Institutes of Health Guide 

for Care and Use of Laboratory Animals (NIH publication No. 86-23, revised 1985) and 

were carried out according to the determinations of the Brazilian College of Animal 

Experimentation, COBEA. 

 

Antioxidant activity 

 The in vitro antioxidant activity of the GSE was assayed by the 2,2-diphenyl-

picrylhydrazyl radical (DPPH•) scavenging activity, the total reactive antioxidant 

potential (TRAP), and the total antioxidant reactivity (TAR). The DPPH• scavenging 

activity was measured according to Yamaguchi et al. (11). GSE were added to Tris-HCl 

buffer (100 mM, pH 7.0) containing 250 µM DPPH˙ dissolved in ethanol. The tubes 

were kept in the dark for 20 min and absorbance was measured at 517 nm (UV-1700 

spectrophotometer, Shimadzu, Kyoto, Japan). Results were calculated as IC50 (amount 

of extract necessary to scavenge 50% of the DPPH˙ radical). Catechin was used as a 

standard. The total reactive antioxidant potential (TRAP) and total antioxidant reactivity 

(TAR) assays were done as previously described (12-14). Briefly, the reaction mixture 

(4 mL, pH 8.6) containing AAPH (10 mM) and luminol (4 mM) in glycine buffer (0.1 

M) was incubated at 21 °C for 2 h. AAPH is a source of peroxyl radicals that react with 

luminol yielding chemiluminescence (CL). The system was calibrated using the α-

tocopherol hydrophilic analogue, Trolox. The addition of 10 µL of the extracts (final 

concentration 2.5 µg/mL) or of 10 µL of Trolox (final concentration 200 nM) decreases 
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the CL proportionally to its antioxidant potential. The TRAP profile was obtained 

measuring CL emission in a liquid scintillation counter (Wallac 1409)–operating in the 

“out of coincidence” mode–as counts per minute (CPM). CL intensity was monitored 

for 50 min after the addition of the extracts or Trolox. The results were expressed 

calculating the area under the curve (AUC) of the CL profile. TAR index was 

determined by measuring the initial decrease of luminol luminescence calculated as the 

ratio Io/I, where Io is the initial emission of CL (before the addition of the antioxidant) 

and I is the instantaneous CL intensity after addition of an aliquot of the sample or the 

reference compound (Trolox). 

 Antioxidant activity of GSE was also evaluated in an ex vivo assay using 

t-BOOH (tert-butyl hydroperoxide) as oxidative-stress inducer. Rat liver slices 

(400 µm) were preincubated with the extracts (final concentration 2.5 µg/mL) for 30 

min at 37 °C under 95 % O2/5 % CO2 in a shaking water bath (60 oscillations/min) in a 

medium of oxygen-equilibrated Krebs-Ringer phosphate buffer (10 mM glucose, pH 

7.4). After this incubation with the extracts, 0.5 mM t-BOOH was added to different 

samples of liver slices. After incubation, rat liver slices were removed and the medium 

was centrifuged at 12000 g for 10 min. The supernatant portion was used to measure 

lactate dehydrogenase activity. The rat liver slices were homogenized with phosphate 

buffer (pH 7.4) and used to determine lipid peroxidation, through a thiobarbituric acid-

reactive species (TBARS) assay described by Draper and Hadley (15). First, 600 µL of 

15 % trichloroacetic acid were added to 300 µL of the liver slice homogenates and 

centrifuged at 7000 g for 10 min. Then, 500 µL of supernatant were mixed with 500 µL 

of 0.67 % thiobarbituric acid. The reaction mixture was incubated in a boiling water 

bath for 20 min, cooled to room temperature and the absorbance read at 532 nm. The 

results were normalized by protein content and were expressed as malondialdehyde 
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(MDA) equivalents. Protein concentration was measured by Lowry et al. method, using 

bovine serum albumin as standard (16). 

 

Anti-inflammatory and analgesic activities 

 Wistar rats (300-350g, n = 6) were treated intraperitoneally with saline or the 

different GSE (10 mg/kg) 30 minutes before the induction of pleurisy by injection of 

0.2 mL of carrageenan 1% (17). Four hours after the induction of inflammation, animals 

were sacrificed and the pleural exudates from each animal were harvested by washing 

the pleural cavity with 2 mL of sterile saline solution for measuring lactate 

dehydrogenase activity, total protein, and total and differential cell count. 

 The total cells in the pleural exudate were enumerated for total leukocyte counts 

using Neubauer chamber. For cytology of inflammatory cells, the pleural exudate was 

centrifuged at 500 rpm for 5 minutes and the supernatant was analyzed compared with 

the cell morphology counted previously in the microscope (18). Protein concentration in 

pleural exudate was measured by Lowry et al. method, using bovine serum albumin as 

standard (16). Lactate dehydrogenase activity was performed using a commercial kit. 

 The analgesic activity of GSE was determined using the formalin method. Pain 

was induced by injecting 20 µL formalin 2.5% in the subplantar region of the right 

foreleg. The licking behavior on the region was observed for 5, 15, and 30 minutes after 

formalin injection (19). 

 

Statistical analysis 

 All measurements were performed in triplicate and values were averaged and 

reported along with the standard deviation. The data were analyzed through Tukey´s test 
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and Pearson correlation using the SPSS 12.0 software package (SPSS Inc., Chicago, 

IL).  

 
RESULTS AND DISCUSSION 
 
Antioxidant activity 

 In a DPPH· assay (Figure 1A), which evaluates the ability of one compound to 

donate electrons to the stable radical DPPH·, all aqueous extracts showed antioxidant 

activity higher than the standard catechin. Merlot, which showed the highest levels of 

total phenolic content (Table 1), also showed the highest antioxidant activity. In fact, a 

positive correlation (r2 = 0.626, p<0.01) between total phenolic content and DPPH• 

antioxidant activity was observed. 

 The total reactive antioxidant potential (TRAP) was determined using a method 

based on the quenching of luminol-enhanced chemiluminescence derived from the 

thermolysis of AAPH, used as a reliable and quantifiable source of alkyl peroxyl 

radicals (12-13). All GSE (Figure 1B) showed the ability of reducing the luminol-

enhanced chemiluminescence, indicating the presence of compounds with peroxyl 

scavenging properties. 

 The TAR index was obtained from the initial decrease in the luminescence 

associated with the additive incorporation of the sample to the ABAP–luminol system, 

and it indicates the initial reactivity of the sample when compared to Trolox. The results 

of TAR index (Figure 1C) indicated that the four kinds of GSE show antioxidant 

reactivity. This effect was higher in Merlot GSE. A strong correlation (r2 = 0.920, 

p<0.01) between total phenolic content and TAR index was found, suggesting that the 

phenolic compounds might be the major contributors to the antioxidant activities of 

these extracts. 
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Figure 1. In vitro antioxidant activity of grape seed extracts. (A) IC50 (amount of 

extracts needed to scavenge 50% of DPPH, i.e., 125 µM). (B) Percentual of CPM 

(calculated from area under the curve – AUC) measured after addition of 10 µL of 

Trolox (final concentration 200 nM) and the extracts (final concentration 0.125 and 2.5 

µg/ml) to 4 mL of glycine buffer (0.1 M), pH 8.6, containing luminol (4 mM) and 

AAPH (10 mM) at 21 °C. (C) TAR index (Io/I where Io is the initial emission of CL, 

before the addition of the antioxidant, and I is the instantaneous CL intensity after 

addition of an aliquot of the sample or the reference compound, Trolox) of aqueous 

grape seed extracts. Catechin and Trolox were used as a control. Different letters 

indicate significant differences (p≤ 0.05). 
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 In order to evaluate the ex vivo antioxidant effect of the four kinds of GSE at the 

lowest concentration found as significant in the TRAP assay, oxidative stress was 

induced in rat liver slices using 0.5 mM tert-butyl hydroperoxide (t-BOOH) in the 

incubation medium. The results showed (Figure 2) that incubation of rat liver slices in 

the presence of t-BOOH induced a significant increase (p≤0.05) in the MDA equivalents 

content (when compared to the basal liver homogenate) and LDH activity (data not 

shown). Interestingly, this effect was higher when GSE were added to t-BOOH. 

Treatments only with GSE did not increase the MDA equivalents (data not shown). 

The organic hydroperoxide, t-BOOH induces oxidative stress by the acceleration 

of lipid peroxidation chain reactions and alterations of the intracellular calcium 

homeostasis resulting from glutathione and protein thiol depletion (20). Although the 

mechanism is not known, it was observed that U937 cells treated with t-BOOH and 

resveratrol showed an increase in DNA oxidative damage beyond that induced by t-

BOOH itself (21). Further studies are needed to clarify the interaction between t-BOOH 

and some antioxidants.  

 

 

 

 

 

 

 

Figure 2. TBARS levels in rat slices treated with grape seed extract and t-BOOH. 

Results are expressed as means ± S.D. from two independent experiments. Different 

letters indicate significant differences (p≤ 0.05). 
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Anti-inflammatory and analgesic activities 

 The intraperitoneal injection of 0.2 mL of 1 % carrageenan into the pleural 

cavity of rats induced an inflammatory reaction characterized by exudates formation 

and cell migration when compared to the control group (Figure 3). Treatments with 

GSE showed no significant reduction of the total cell number (Figure 3A) or of 

polymorphonuclear migration (Figure 3B). However, an important reduction in the 

migration of lymphocytes to the inflammatory site (Figure 3C) was observed. 

Treatments with GSE showed no effects on TNF-alpha levels, LDH, and total proteins 

in the exudate (data not shown). There was also no reduction of licking behavior after 

formalin injection, suggesting absence of analgesic activities from GSE (data not 

shown). 

 Inflammatory diseases are accompanied by the chronic release of cytokines and 

reactive oxygen and nitrogen species, which may be involved in increased tissue injury 

(22). Some studies have demonstrated the participation of ROS in models of 

inflammation such as carrageenan-induced pleurisy in rats (23-25). In acute and chronic 

inflammation, high concentrations of ROS are produced (mainly O2
-), which generate 

an oxidative imbalance and decrease the capacity of the endogenous antioxidant 

enzymes (24). 

 Plant-derived compounds have historically been valued as a source of anti-

inflammatory agents (26). Flavonoids are powerful antioxidants and exert anti-

inflammatory activities in vitro (27). Recent studies have shown important anti-

inflammatory effects of procyanidins on experimental inflammation in rats and mice 

(28-29). However, until now, the anti-inflammatory action mechanisms of polyphenols 

remain poorly understood and could be associated to oxygen free radical scavenging, 

inhibition of lipid peroxidation, inhibition of the formation of inflammatory cytokines, 
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alterations in cell membrane receptors, intracellular signaling pathway proteins, and 

modulation of gene expression (27).  

 The data obtained in this study show that aqueous extracts rich in phenolic 

compounds, with significant antioxidant and anti-inflammatory activity, can be obtained 

from seeds of winery by-products. These extracts could be used in the cosmetic and 

pharmaceutical industries and help maintain environmental balance, reducing storage, 

transformation, and waste disposal problems in the wine industry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of different aqueous extracts (10 mg/Kg body wt., i.p.) plus 

carrageenan on total cells migration (A), on polymorphonuclear migration (B), and on 

lymphocytes migration (C) into pleural cavity of rats. * Significant differences from 

saline (p≤0.05). ** Significant differences from carrageenan (p≤0.05). 
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5. DISCUSSÃO GERAL 

 Estudos epidemiológicos têm mostrado que o consumo de polifenóis está 

associado com a redução de diversas doenças, incluindo câncer, doenças 

cardiovasculares e neurodegenerativas (para revisão, ver Ferguson, 2001; Ferguson e 

Philpott, 2008; Aron & Kennedy, 2008). Sementes de uva são ricas em polifenóis 

(Gabetta et al., 2000; Saucier et al., 2001; Monagas et al., 2003; Fuleki & Ricardo 

Silva, 2003; Ashraf-Khorassani & Taylor, 2004; Kammerer et al., 2004; Koyama et al., 

2007), especialmente os flavan-3-ols, (+)-catequina, (-)-epicatequina, (-)-epicatequina 

3-O-galato, seus oligômeros e polímeros e  ácido gálico (Gabetta et al., 2000; Saucier et 

al., 2001; Monagas et al., 2003; Ashraf-Khorassani & Taylor, 2004; Kammerer et al., 

2004; Koyama et al., 2007).   

   Tanto V. vinifera quanto V. labrusca têm sido tradicionalmente utilizadas para a 

obtenção de vinhos finos e de mesa, respectivamente. Em 2007, a produção brasileira de 

V. vinifera foi de 72.152 t (14.489,153 t de Cabernet Sauvignon e 11.399,362 t de 

Merlot) e de 498.383,917 t de V. labrusca (76.907,674 t da variedade Bordo e 

228.558,808 t de Isabel) (Embrapa, 2008). 

  Parte considerável dessas uvas é destinada a elaboração de vinhos e sucos 

gerando grandes quantidades de resíduos (casca, sementes e galhos). Baseado nisto, esse 

trabalho teve como objetivo avaliar a possibilidade de obtenção de extratos aquosos de 
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sementes de resíduos de vinificação de V. vinifera L. (variedades Cabernet Sauvignon e 

Merlot) e V. labrusca L. (variedades Bordo e Isabel) com propriedades biológicas 

(atividade antioxidante, antiinflamatória e analgésica). 

Os resíduos da vinificação foram fornecidos por uma indústria vinícola da Serra 

Gaúcha e retirados dos tanques de vinificação após 5 dias a partir do início do processo 

fermentativo, tempo normalmente utilizado para a separação das cascas e engaço do 

mosto de uva.  Considerando a diversidade na composição dos resíduos obtidos (galhos, 

cascas e sementes), optou-se por separar manualmente as sementes do restante do 

resíduo. Testes preliminares mostraram, no entanto, que é possível obter-se extratos 

aquosos com atividade antioxidante a partir da totalidade do resíduo (dados não 

mostrados), o que pode ser uma opção econômica para a indústria vinícola. 

Para determinação das melhores condições de extração foram preparados 

extratos a 5, 10 e 15% (p/v), por decocção com e sem condensador, durante 30 e 60 

minutos, a uma temperatura de 100°C. A determinação da atividade antioxidante in 

vitro (DPPH•) foi utilizada como critério para avaliação dos resultados. Verificou-se 

que a maior atividade antioxidante foi obtida nos extratos preparados a 5% (p/v), a 

partir de decocção com condensador por 30 minutos (dados não mostrados). Desta 

forma, este método de extração foi utilizado para obtenção dos extratos utilizados neste 

trabalho. 

 A avaliação da atividade antioxidante foi realizada através de testes in vitro 

(DPPH•) e in vivo (células eucarióticas de Saccharomyces cerevisiae). Os quatro 

extratos estudados mostraram importante atividade antioxidante, tanto in vitro como in 

vivo. Observou-se uma correlação positiva entre a atividade antioxidante in vitro com o 

conteúdo de polifenóis totais (r2 = 0,950, p≤0,01) e entre a atividade antioxidante in vivo 

e o conteúdo polifenólico total de cada extrato [Bordo (r2 = 0,877, p≤0,05), Isabel (r2 = 
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0,847, p≤0,05), Cabernet Sauvignon (r2 = 0,867, p≤0,05) e Merlot (r2 = 0,935, p≤0,05)], 

sugerindo que os polifenóis são responsáveis, ao menos em parte, pela atividade 

antioxidante observada como descrito para outros extratos de plantas ricos em 

polifenóis (Shan et al., 2005; Zainol et al., 2003; Silva et al., 2007; Kappel et al., 2008). 

Considerando a instabilidade das soluções aquosas de polifenóis, os extratos 

obtidos a partir das 4 variedades de Vitis foram liofilizados a -60°C e pressão de 10-2 

bar. A Tabela 2 apresenta os valores de compostos fenólicos nos extratos recém-

preparados e após sua liofilização. Embora tenham sido observadas pequenas alterações 

no conteúdo de polifenóis totais antes e após a liofilização, estas diferenças não foram 

estatisticamente significativas pelo teste t, indicando que a liofilização não ocasionou 

perda de compostos fenólicos.  

  

Tabela 2. Teores de polifenóis totais dos extratos recém preparados e liofilizados  

Conteúdo de polifenóis totais (mg/L) 

Variedades Extratos recém preparados Extratos liofilizados 

Bordo 744,89±3,13a 732,19±1,44a 

Isabel 353,29±4,60b 364,37±1,06b 

Cabernet Sauvignon 715,59±5,87a 679,79±1,02c 

Merlot 751,38±5,30a 782,16±4,23a 

 Letras distintas diferem significativamente, em cada grupo, pelo teste de Tukey, 

para p≤0,05.  

 

 A quantificação dos polifenóis majoritários nos extratos aquosos recém 

preparados e liofilizados foi realizada por cromatografia líquida de alta eficiência - 

CLAE. Foram identificados oito polifenóis majoritários, o ácido gálico, (+)-catequina, 
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(-)-epicatequina, (-)-epigalocatequina e as proantocianidinas B1, B2, B3 e B4, tanto nos 

extratos recém preparados quanto nos liofilizados (Tabela 3). Os extratos recém 

preparados apresentaram maiores quantidades de (+)-catequina, (-)-epicatequina, (-)-

epigalocatequina, proantocianidinas B1 e B3, e ácido gálico, quando comparados com 

os respectivos extratos liofilizados. Apesar disso, o perfil de polifenóis foi o mesmo 

antes e após o processo de liofilização.   

Curiosamente, com exceção da variedade Cabernet Sauvignon, os demais 

extratos liofilizados apresentaram maior atividade antioxidante do que os recém 

preparados, no ensaio da capacidade de varredura do radical livre DPPH• (Figura 5). 

Considerando que a atividade antioxidante depende, entre outros fatores, do ensaio 

utilizado (Yamaguchi et al., 1998), seria interessante realizar outros testes a fim de 

confirmar estes resultados.   

 

Figura 5. Atividade antioxidante in vitro dos extratos de sementes de resíduos de 

vinificação.  

 

 

 

 

 

 

 

IC50 (quantidade necessária do extrato para seqüestrar 50% do radical DPPH•). *Letras 

distintas diferem significativamente pelo teste de Tukey, para p≤0,05.  
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Tabela 3. Compostos majoritários (mg/L) dos extratos  recém preparados e liofilizados 

AG, ácido gálico, B1, procianidina B1, EGC, epigalocatequina, B3, procianidina B3, CT, catequina, B4, procianidina B4, B2, procianidina B2, 
ECT, epicatequina. #DP=desvio padrão. *Letras distintas diferem significativamente pelo teste Tukey para p≤0,05. 

Extratos AG B1 EGC B3 CT B4 B2 ECT 
Bordo 
fresco 

 
12,98±0,54ª#* 22,42±0,51d 8,96±0,05ª 17,45±0,01cd 169,26±0,92ª 1,85±0,012ab 19,75±0,17ª 168,86±2,82ª 

Bordo 
liofilizado 

 
11,03±0,23b 16,58±0,16c 6,66±0,16abc 13,46±0,87bc 134,05±0,16b 2,24±0,14bc 15,27±0,04ab 130,53±0,89b 

Isabel 
fresco 

 
6,88±0,04c 8,86±0,03ab 5,64±0,02bc 9,72±0,01ab 135,36±0,99b 1,72±0,06ab 3,17±3,64d 112,40±0,32c 

Isabel 
liofilizado 

 
4,21±0,00d 6,66±0,03a 4,42±0,02cd 7,15±0,08a 103,35±1,16c 2,11±0,13ab 4,98±0,16d 85,70±0,05d 

Cabernet 
Sauvignon 

fresco 
 

11,87±0,17ab 26,54±1,86ef 8,14±1,29ab 29,53±2,70e 106,73±0,34d 2,89±0,02d 15,23±0,08ab 71,53±0,33e 

Cabernet 
Sauvignon 
liofilizado 

 

6,72±0,27c 10,92±0,43b 2,16±0,16d 19,11±0,08d 56,92±0,00e 1,65±0,30ª 5,76±0,30d 33,50±0,17f 

Merlot 
fresco 

 
16,42±1,15e 27,80±0,82g 7,49±0,97ab 47,16±0,45f 109,57±0,20f 2,87±0,19d 13,73±0,17c 111,08±0,05c 

Merlot 
liofilizado 

 
11,78±0,38ab 23,32±1,59de 6,80±0,76abc 43,88±0,16f 96,68±0,87g 2,75±0,02cd 12,04±0,02c 87,68±0,86d 
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 A procura por novas drogas e/ou extratos de plantas que efetivamente interfiram 

no processo inflamatório tem ganhado destaque (Calixto et al., 2003; Passos et al., 2007). 

O modelo mais utilizado para avaliação deste efeito é a indução de resposta inflamatória 

por carragenina em ratos. Neste tipo de ensaio, observa-se liberação de histamina, 

serotonina e bradiquinina (Passos, et al., 2007) e aumento na produção de citocinas pró-

inflamatórias, particularmente IL-1β e TNFα (Pinheiro e Calixto, 2002). Além destes 

mediadores, a resposta inflamatória induzida por carragenina aumenta a produção de 

prostaglandinas, ativando as ciclooxigenase COX-1 e COX-2 e elevando a concentração 

de óxido nítrico (Simmons et al., 2004; Passos, et al., 2007).  Apesar de ter sido 

observada uma diminuição na migração dos linfócitos para o sítio inflamatório, em ratos 

tratados com carragenina em presença dos diferentes extratos (Capítulo 2), não foram 

visualizadas diferenças nos níveis de TNFα no líquido pleural dos animais. Outros 

estudos são necessários para confirmar a possível atividade antiinflamatória dos extratos 

estudados neste trabalho.  

 O processo inflamatório é caracterizado por calor, rubor, tumor e dor (Santos 

Júnior, 2003), sendo que alguns compostos antioxidantes extraídos de plantas mostraram-

se capazes de diminuir a dor (Thabrew et al., 2001). Em vista disso, avaliou-se a ação 

analgésica dos diferentes extratos em ratos tratados com formalina (Hunskar & Hole, 

1987). Neste modelo, o comportamento de lamber a região aonde foi injetado a formalina 

é um reflexo da ativação das fibras nervosas sensoriais (Uchida et al., 2008). Ao contrário 

do esperado, os extratos de sementes de resíduos de vinificação não foram capazes de 

reduzir o comportamento de lamber, sugerindo ausência de poder analgésico (dado não 

mostrado). 

 Em resumo, este trabalho mostra, pela primeira vez, que é possível preparar 

extratos aquosos de sementes de resíduos de vinificação com importante atividade 

biológica. A ausência de solventes e custo reduzido (em relação a extratos obtidos com 
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solventes orgânicos) pode facilitar o aproveitamento dos resíduos das vinícolas, 

transformando-os em produtos passíveis de utilização na indústria cosmética, 

farmacêutica e de alimentos. Estes resultados podem contribuir, ainda, para o aumento do 

rendimento econômico do setor vitivinícola e a manutenção do equilíbrio ambiental, 

diminuindo problemas de estocagem, transformação ou eliminação destes resíduos pelas 

vinícolas. 
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6. CONCLUSÕES 

 

 Os dados obtidos neste estudo permitem concluir que: 

  

 6.1 É possível obter-se extratos aquosos de sementes de resíduos de vinificação 

(cv. Bordo, Isabel, Cabernet Sauvignon e Merlot) com quantidades significativas de 

polifenóis. Os compostos majoritários encontrados nestes extratos foram o ácido gálico, 

(+)-catequina, (-)-epicatequina, (-)-epigalocatequina e as procianidinas B1, B2, B3 e B4. 

 

 6.2 Todos os extratos apresentaram significativa atividade antioxidante in vitro 

(DPPH•, TRAP e TAR) e in vivo (células eucarióticas de Saccharomyces cerevisiae). 

Observou-se uma correlação positiva entre o teor de polifenóis e a atividade antioxidante, 

tanto nos ensaios in vitro quanto in vivo.  

 

 6.3 Observou-se uma diminuição da migração linfocitária no exudato pleural de 

ratos tratados com carragenina em presença dos 4 extratos de resíduos de vinificação. 

Nenhum dos extratos mostrou atividade analgésica em ratos tratados com formalina. 
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7. PERSPECTIVAS 

 

7.1 Avaliar a atividade antioxidante, anticonvulsivante e comportamental dos extratos de 

sementes de resíduos em tecidos de ratos Wistar. 

 

7.2 Determinar a possível atividade antimutagênica, antigenotóxica e quimiopreventiva 

dos extratos em ratos Wistar e linhagens celulares de mamíferos. 

 

7.3 Estudar o mecanismo responsável pela modulação inflamatória observada, avaliando 

a atividade e expressão de COX-1 e COX-2, interleucinas, nitritos/nitratos e das enzimas 

antioxidantes em ratos. 
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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 β-

carotene (precursor of vitamin A), lycopene, lutein, β-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 et al., 2001) depending on factors 

such as pH and the presence of Cu(II) and Fe(III) 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). 
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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.) 

Vitamin C1, carotenoids1, polyphenols 
(cyanidin2,4,5, procyanidin2,3, peonidin2, 
pelargonidin2, catechin2, epicatechin2,3, 
resveratrol2, protocatechuic acid3) 

1Spada et al., 2008; 2Rocha et al., 
2007; 3Rodrigues et al., 2006; 
4Lichtenthaler et al., 2005; 5Del 
Pozo-Insfran  et al., 2004. 
 

Acerola 
(Malpighia glabra L.) 

Vitamin C1, carotenoids1, polyphenols1,2 1Spada et al., 2008; 2Mezadri et al. 
2006. 

Apple 
(Malus domestica B.) 

Vitamin C1,5, polyphenols (procyanidins2,3, 
anthocyanins3, catechin3,4, epicatechin4, 
quercetin5) 

1Spada et al., 2008; 2Kahle et al., 
2005; 3Vrhovsek et al., 2004; 
4Sanoner et al., 1999; 5Ballot et al., 
1987. 

Black mulberry 
(Morus nigra M.) 

Vitamin C1, carotenoids1, polyphenols 
(coumaric acid2, salicylic acid2, caffeic 
acids2) 

1Spada et al., 2008; 2Zadernowski  
et al., 2005. 

Cashew apple  
(Anacardium 

occidentale L.) 

Vitamin C1, vitamin E2, carotenoids1, 
polyphenols3 (quercetin, procyanidin, 
anacardic acid) 

1Spada et al., 2008; 2Ryan et al. 
2006; 3Melo Cavalcante et al., 
2003. 

Coconut 
(Cocos nucifera L.) 

Vitamin C 1,3, polyphenols (catechin4, 
phenolic acids2) 

1Spada et al., 2008; 2Dey et al., 
2005; 3Mantena et al., 2003; 
4Kirszberg et al., 2003. 

Cupuacu 
(Theobroma 

grandiflorum W.) 
 

Vitamin C1, polyphenols (catechin2, 
epicatechin2, quercetin2, kaempferol2) 

1Spada et al., 2008; Yang et al., 
2003. 

Kiwi fruit 
(Actinidia chinensis P.) 
 

Vitamin C1,3, carotenoids1, polyphenols1,2  1Spada et al., 2008; 2Chang and 
Case, 2005; 3Kvesitatdze et al., 
2001. 

Lemon 
(Citrus limon B.) 

Vitamin C1,2, polyphenols (eriocitrin2,3, 
hesperidin2,3, diosmetin2,3, diosmin2,3, 
diosmetin2,3,4, quercetin4, apigenin4, 
hesperetin4, homoeriodictyol4) 

1Spada et al., 2008; 2González-
Molina et al., 2008; 3Miyake et al., 
2007; 4Gil-Izquierdo et al., 2004. 

Mango 
Mangifera indica L. 
 

Vitamin C1,2,10, vitamin E3, 
carotenoids1,3,4,5,8; polyphenols 
(quercetin4,8, rhamnetin5,8, gallotannins6, 
flavonols8, kaempferol8, xanthone8, 
isomangiferin8, galloyl derivatives8, 
mangiferin8,9, catechin9, epicatechin9, 
tannic acid7, caffeic acid7, gallic acid9, 
benzoic acid9) 

1Spada et al., 2008; 2Ribeiro et al., 
2007; 3Ornelas-Paz Jde et al., 2007; 
4Berardini et al., 2005; 5Chen et al., 
2004; 6Berardini et al., 2004; 
7Singh et al. 2004; 8Schieber et al., 
2003; 9Nunez Selles et al., 2002;  
10Ballot et al., 1987. 

Melon 
(Cucumis melo L.) 
 

Vitamin C1,3,4, carotenoids1,2, polyphenols1  1Spada et al., 2008; 2Portnoy et al., 
2008; 3Lester, 2008; 4Gil et al., 
2006.  

Orange 
(Citrus aurantium L.) 
 

Vitamin C1, carotenoids1, polyphenols2 

(neoeriocitrin, narirutin, naringin, 
hesperidin, neohesperidin, naringenin, 
hesperetin) 

1Spada et al., 2008; 2Pellati et al., 
2004. 
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Papaya 
(Carica papaya L.) 

Vitamin C1,4, carotenoids1-3, polyphenols1 1Spada et al., 2008; 2Mutsuga et al., 
2001; 3Cano et al., 1996; 4Osato et 

al., 1993. 

Passion Fruit 
(Passiflora alata L.) 

Vitamin C1, carotenoids1,2  1Spada et al., 2008; 2Mourvaki et 

al., 2005. 

Peach 
(Prunus persica L.) 

Vitamin C1,3,4,5, vitamin E3, carotenoids1, 
polyphenols (catechin2, epicatechin2, 
quercetin2, eriodictyol2, naringenin2, 
kaempferol2, isorhamnetin2, protocatechuic 
acid2, vanillic acid2, coumaric acid2) 

1Spada et al., 2008; 2Wijeratne et 

al., 2006; 3Carbonaro et al., 2002; 
4Gil et al., 2002; 5Ballot et al., 
1987. 

Pineapple 
(Ananas ssp) 
 

Vitamin C1, carotenoids1,3, polyphenols1,2  1Spada et al., 2008; 2Wen et al., 
1999; 3Ballot et al., 1987. 

Raspberry 
(Rubus idaeus L.) 

Vitamin C1, carotenoids1, polyphenols 
(anthocyanins2-4, procyanidins3, 
ellagitannins3,4, kaempferol4, quercetin4, 
ellagic acid4) 

1Spada et al., 2008; 2Fang Chen et 

al., 2007; 3Beekwilder et al., 2005; 
4Mullen et al., 2002. 

Red grape 
(Vitis vinifera L.) 

Vitamin C1, vitamin E(2)3, tocotrienol2)3, 
carotenoids1, polyphenols (malvidin2, 
quercetin4,5,6, catechin 4,5,6, epicatechin4,5,6, 
resveratrol2,4,5,6, delphinidin2,5, cyanidin 2,5, 
petunidin4, peonidin2,5, malvidin5, 
procyanidin5, epicatechin gallate5, trans-
polydatin5, isorhamnetin5, kaempferol5, 

gallic acid5, protocatechuic acid5, caftaric 
acid5, p-hydroxybenzoic acid5, caffeic 
acid5, p-coumaric acid5, ferulic acid5, 
ellagic acid6) 

1Spada et al., 2008; 2Dani et al., 
2008; 3Horvatha et al., 2006, 
4Chafer et al., 2005; 5Kammerer et 

al., 2004; 6Yilmaz and Toledo, 
2004. 

Red guava 
(Psidium guajava L.) 
 

Vitamin C1,5, carotenoids1,4, polyphenols 
(guajadial2, quercetin3, myricetin3, 
kaempferol3, apigenin3) 

1Spada et al., 2008; 2Carasek et al., 
2006; 3Miean et al. 2001; 
4Mercadante et al., 1999; 5Ballot et 

al., 1987. 
Soursop 
(Annona muricata L.) 
 

Polyphenols1,2  1Spada et al., 2008; 2Augusto et al., 
2000. 

Strawberry 
(Fragaria vesca L.) 
 

Vitamin C1,3, carotenoids1,2, polyphenols1,2 1Spada et al., 2008; 2Kiselova et al., 
2006; 3Ballot et al., 1987. 

Surinam cherry 
(Eugenia uniflora O.) 
 

Polyphenols1,2 1Spada et al., 2008; 2Almeida et al., 
1995. 

Tangerine  
(Citrus reticulata L.) 

Vitamin C1, carotenoids1,2,4, polyphenols1,3 1Spada et al., 2008; 2Ricón et al., 
2005; 3Gil-Izquierdo et al., 2004; 
4Nogata et al., 2003. 
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Table 2. Biological activities of fruits 
Fruits Biological activities References 

Acai Antioxidant activity1-5 

Vasodilatory activity2 

Anti-inflammatory effect3 
Mutagenic activity1 

1Spada et al., 2008; 2Rocha et al., 2007; 
3Rodrigues et al., 2006; 4Schauss et al., 2006; 
5Lichtenthaler et al. 2005. 

Acerola Antioxidant activity1,2 1Spada et al., 2008, 2Hanamura et al., 2005. 
Apple Antioxidant activity1,2 1Spada et al., 2008, 2Leu et al., 2006 

Black 
mulberry 

Antioxidant activity1,2 
Anti-inflammatory effect2 

1Spada et al., 2008, 2Kim and Park, 2006. 

Cashew apple Antioxidant activity 1-3 

Mutagenic/comutagenic activities 
1,4,5 

Antibacterial activity2 

Antimutagenic activity 4,5 

1Spada et al., 2008, 2Green et al., 2007; 3Konan 

et al., 2006; 4Melo Cavalcante et al., 2003; 
5Trevisan et al., 2006 

Coconut Antioxidant activity1,5,6 

Mutagenic activity2-4 

Antimutagenic activity3,5 

Anticarcinogenic activity5 

1Spada et al., 2008, 
2Sandhya and Rajamohan, 2006; 

3Petta et al., 2004; 4Narasimhamurthy et al., 
1999; 5Nalini et al., 1997; 6Bell and Kamens, 
1990. 

Cupuacu Antioxidant activity1,2 

Antimutagenicity1 

1Spada et al., 2008; 2Yang et al., 2003. 

Kiwi fruit Comutagenic activity; low 

antimutagenic and mutagenic 

effects1-3 

Anticarcinogenic activity4 

1Spada et al., 2008; 2Deters et al., 2005; 3Tang and 
Edenharder, 1997; 4Edenharder et al., 1994. 

Lemon Antifungal activity1 
Antimutagenic activity2-4 
Anticarcinogenic activity5 

1Ben-Yehoshua et al., 2008; 2Spada et al., 2008; 
3Higashimoto et al., 1998; 4Bala and Grover, 
1989; 5National Toxicology Program, 1990. 

Mango Antioxidant activity1,3-5 

Anti-inflammatory activity2 

Anticarcinogenic activity4 

Antimutagenic activity1,6 

Antidiarrhoeal activity7 

Antibacterial activity7 

1Spada et al., 2008; 2Knödler et al. 2007; 
3Mahattanatawee et al. 2006; 4Rodriguez et al. 
2006; 5Percival et al. 2006; 6Pardo-Andreu et al. 
2006; 7Sairam et al. 2003 

Melon  Antioxidant activity1-4 1Spada et al., 2008; 2Lester, 2008; 3Vouldoukis 
et al. 2004; 4Lester et al., 2004. 

Orange  Antioxidant activity1,3,5,6 
Adrenergic activity2 

Antigenotoxic activity4 
Antimutagenic activity1,7 

1Spada et al., 2008; 2Nelson et al., 2007; 
3Jayaprakasha et al., 2007 ; 4Franke et al., 2006; 
5Deyhim et al., 2006 ; 6Hosseinimehr and 
Karami, 2005 ; 7Miyazawa et al. 1999;  

Papaya  Antioxidant activity1,2,4,5,8,14 

Antibacterial activity3,11,14 

Inhibitory effect on sperm motility6 

1Spada et al., 2008; 2Lohiya et al., 2008; 3Nayak 
et al., 2007 ; 4Gambera et al., 2007 ; 5Mehdipour 
et al., 2006 ; 6Rahmat et al., 2004 ; 7Lohiya et 
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Antifertility activity7,9,10,12,15 

Androgenic activity13 
al., 1999 ; 8Imao et al., 1998; 9Lohiya et al., 
1994 ; 10Chinoy et al., 1994, 11Osato et al., 
1993 ; 12Lohiya and Goyal, 1992; 13Chinoy and 
Ranga Geetha, 1984 ; 14Emeruwa, 1982 ; 
15Gopalakrishnan and Rajasekharasetty, 1978. 

Passion Fruit Antioxidant activity1,2 

Anticonvulsant effect2 

1Spada et al., 2008; 2Nassiri-Asl et al., 2007. 

Peach Antioxidant and antimutagenic 
activities1 

1Spada et al., 2008 

Pineapple  Antioxidant activity1-3 

Antifertility activity4 

1Spada et al., 2008; 2Herraiz and Galisteo, 2003; 
3Sun et al., 2002 ; 4Garg et al., 1970 

Raspberry Antioxidant activity1,2-6 

Antimutagenic activity1 

Vasodilatory activity3 

1Spada et al., 2008; 2Viljanen et al., 2004, 3Wada 
and Ou, 2002; 4Mullen et al., 2002; 5Wang and 
Jiao, 2000; 6Kalt et al., 1999. 

Red grape Antioxidant activity1,2,4,6,8,9,13,14 

Antimutagenic activity1 

Antibacterial activity3 

Anticarcinogenic activity5,9 

Antiarrhythmic and cytoprotective 
effects7 

Protective effects against ischemia-
reperfusion10,15 

Radioprotective effects14 

Antiexudative and capillaritonic 
effects16 
Vasodilatory activity11,12 

1Spada et al., 2008; 2Kedage et al., 2007; 
3Thimothe et al., 2007; 4El-Ashmawy et al., 
2007; 5Lala et al., 2006 ; 6Devi et al., 2006 ; 7Al-
Makdessi et al., 2006 ; 8Janisch et al., 2006; 
9Stagos et al., 2005; 10Nakagawa et al., 2005; 
11Madeira et al., 2005; 12Soares et al., 2004, 
13Shafiee et al., 2003; 14Castillo et al., 2000; 
15Maffei Facinó et al., 1996; 16Zafirov et al., 
1990. 

Red guava Antioxidant activity1,5 

Antibacterial activity2,4 

Antimutagenic effect1,6 

Hypoglycemic effects3,7 

1Spada et al., 2008; 2Pelegrini et al., 2008; 3Rai 
et al., 2007; 4Abdelrahim et al., 2002; 5Jime’nez-
Escrig et al., 2001; 6Grover and Bala, 1993; 
7Cheng and Yang, 1983. 

Strawberry Antioxidant activity1-4 

Mutagenic activity1 

1Spada et al., 2008; 2Kiselova et al. 2006; 
3Rababah et al., 2005; 4Kahkonen et al., 2001. 

Soursop Antioxidant and antimutagenic 
activities1 

1Spada et al., 2008. 

Tangerine Antioxidant and antimutagenic 
activities1 

1Spada et al., 2008. 

 

References 

Abdelrahim, S. I., Almagboul, A. Z., Omer, M. E. and Elegami, A. (2002). 
Antimicrobial activity of Psidium guajava L. Fitoterapia. 73(7-8):713-715. 

Almeida, C. E., Karnikowski, M. G., Foleto, R. and Baldisserotto, B. (1995). Analysis 
of antidiarrhoeic effect of plants used in popular medicine. Rev Saude Publica. 
29(6):428-33. 

Alvi, N. K., Rizvi, R. Y. and Hadi, S. M. (1986). Interaction of quercetina with DNA. 
Biosci. Rep. 6:861-868. 

Anisimov, V. N., Popovich, I. G., Zabezhinski, M. A., Anisimov, S. V., Vesnushkin, G. 
M. nd Vinogradova, I. A. (2006). Melatonin as antioxidant, geroprotector and 



 

 91

anticarcinogen. Biochim Biophys Acta. 1757(5-6):573-89. 
Augusto, F., Valente, A. L., dos Santos Tada, E. and Rivellino, S. R. (2000). Screening 

of Brazilian fruit aromas using solid-phase microextraction-gas chromatography-
mass spectrometry. J Chromatogr A. 2000. 873(1):117-27. 

Avorn, J., Monane, M., Gurwitz, G. R., Choodnovsky, I. and Lipsitz, L. (1994). 
Reduction of bacteriuria and pyruria after ingestion of cranberry juice. JAMA. 
271:751–4. 

Bala, S. and Grover, I. S. (1989). Antimutagenicity of some citrus fruits in Salmonella 
typhimurium. Mutat Res. 222(3):141-8. 

Ballot, D., Baynes, R. D., Bothwell, T. H., Gillooly, M., MacFarlane, B. J., MacPhail, 
A. P., Lyons, G., Derman, D. P., Bezwoda, W. R. and Torrance, J. D. (1987). The 
effects of fruit juices and fruits on the absorption of iron from a rice meal. Br J 

Nutr. 57(3):331-343.  
Bartsch, H. and Frank, N. (1996). Blocking the endogenous formation of N-nitroso 

compounds and related carcinogens. IARC Scientific Publications. 139:189-201. 
Beekwilder, J., Jonker, H., Meesters, P., Hall, R. D., Van der Meer, I. M. and Ric de 

Vos, C. H. (2005). Antioxidants in raspberry: on-line analysis links antioxidant 
activity to a diversity of individual metabolites. J Agric Food Chem. 53(9):3313-
3320.  

Béliveau, R. and Gingras, D. (2007).  Role of nutrition in preventing cancer. Can Fam 

Physician. 53:1905-1911.  
Bell, D. A. and Kamens, R. M. (1990). Evaluation of the mutagenicity of combustion 

particles from several common biomass fuels in the Ames/Salmonella microsome 
test. Mutat Res. 245(3):177-83. 

Ben-Yehoshua, S., Rodov, V., Nafussi, B., Feng, X., Yen, J., Koltai, T. and 
Nelkenbaum, U.  (2008). Involvement of limonene hydroperoxides formed after 
oil gland injury in the induction of defense response against Penicillium digitatum 
in lemon fruit. J Agric Food Chem. 56(6):1889-95. 

Berardini, N, Carle, R. and Schieber, A. (2004). Characterization of gallotannins and 
benzophenone derivatives from mango (Mangifera indica L. cv. 'Tommy Atkins') 
peels, pulp and kernels by high-performance liquid chromatography/electrospray 
ionization mass spectrometry. Rapid Commun Mass Spectrom. 18(19):2208-2216. 

Berardini, N., Fezer, R., Conrad, J., Beifuss, U., Carle, R. and Schieber, A. (2005). 
Screening of mango (Mangifera indica L.) cultivars for their contents of flavonol 
O- and xanthone C-glycosides, anthocyanins, and pectin. J Agric Food Chem. 

53(5):1563-1570. 
Bravo, L. (1998) Polyphenols: chemistry, dietary sources, metabolism and nutritional 

significance, Nutr. Rev. 56:317–333. 
Cano, M. P., Ancos, B., Lobo, G. and Monreal, M. (1996). Effects of freezing and 

canning of papaya slices on their carotenoid composition. Z Lebensm Unters 

Forsch. 202(4):279-284.  
Cao, G., Sofic, E. and Prior, R. L. (1996). Antioxidant capacity of tea and common 

vegetables. J Agric Food Chem. 44:3426-31. 
Carasek, E. and Pawliszyn, J. (2006). Screening of tropical fruit volatile compounds 

using solid-phase microextraction (SPME) fibers and internally cooled SPME 
fiber. J. Agric. Food Chem. 54:8688-8696. 

Carbonaro, M., Mattera, M., Nicoli, S., Bergamo, P. and Cappelloni, M. (2002). 
Modulation of antioxidant compounds in organic vs conventional fruit (Peach, 
Prunus persica L., and Pear, Pyrus communis L.). J. Agric. Food Chem. 50:5458-
5462. 



 

 92

Castillo, J., Benavente-García, O., Lorente, J., Alcaraz, M., Redondo, A., Ortuño, A. 
and Del Rio, J. A. (2000). Antioxidant activity and radioprotective effects against 
chromosomal damage induced in vivo by X-rays of flavan-3-ols (Procyanidins) 
from grape seeds (Vitis vinifera): comparative study versus other phenolic and 
organic compounds. J Agric Food Chem. 48(5):1738-1745.  

Chafer, A., Pascual-Martí, M. C., Salvador, A. and Berna, A. (2005). Supercritical fluid 
extraction and HPLC determination of relevant polyphenolic compounds in grape 
skin. J Sep Sci. 28(16):2050-2056.  

Chang, J. and Case, R. (2005) Cytotoxic phenolic constituents from the root of 
Actinidia chinensis.Planta Med. 71(10):955-9  

Chen, J. P., Tai, C. Y. and Chen, B. H. (2004). Improved liquid chromatographic 
method for determination of carotenoids in Taiwanese mango (Mangifera indica 
L.). J Chromatogra. 1054(1-2):261-268. 

Cheng, J. T. and Yang, R. S. (1983). Hypoglycemic effect of guava juice in mice and 
human subjects. Am J Chin Med. 11(1-4):74-76.   

Chinoy, N. J., D'Souza, J. M. and Padman, P. (1994). Effects of crude aqueous extract 
of Carica papaya seeds in male albino mice. Reprod Toxicol. 8(1):75-79. 

Chinoy, N. J. and Ranga Geetha, M. (1984). Effects of Carica papaya seed extracts on 
the physiology of the vas deferens of albino rats. Acta Eur Fertil. 15(1):59-65. 

Cooke, M. S., Evans, M. D., Podmore, I. D., Herbert, K. E., Mistry, N., Mistry, P., 
Hickenbothanm, P. T., Hussieni, A. and Griffiths, H. R., Lunec, J. (1998). Novel 
repair action of vitamin C upon in vivo oxidative DNA damage. FEBS Left. 
439:363-367. 

Dani, C., Oliboni, L. S., Pasquali, M. A. B., Oliveira, M. R., Umezu, F. M., Salvador, 
M., Moreira and J. C. F., Henriques, J. A. P. (2008) Intake of purple grape juice as 
a hepatoprotective agent in wistar rats. J Med Food .11 (1): 127–132. 

De Flora, S. (1998) Mechanisms of inhibition of mutagenesis and carcinogenesis. Mutat 

Res.402:151–158. 
De Flora, S., Izzottti, A., D’Agostini, F., Balansky, R. M., Noonan, D. and Albini, A. 

(2001) Multiple points of intervention in the prevention of cancer and other 
mutation-related diseases. Mutat Res. 480-481:9–22. 

Del Pozo-Insfran, D., Brenes, C. H. and Talcott, S. T. (2004). Phytochemical 
composition and pigment stability of Acai (Euterpe oleracea Mart.). J Agric Food 

Chem. 52(6):1539-45. 
Deters, A. M., Schroder, K. R. and Hensel,  A. (2005).  Kiwi fruit (Actinidia chinensis 

L.) polysaccharides exert stimulating effects on cell proliferation via enhanced 
growth factor receptors, energy production, and collagen synthesis of human 
keratinocytes, fibroblasts, and skin equivalents. J Cell Physiol. 202(3):717-22.  

Devi, S. A., Jolitha, A. B. and Ishii, N. (2006). Grape Seed Proanthocyanidin Extract 
(GSPE) and antioxidant defense in the brain of adult rats. Med Sci Monit. 12(4): 
124-129. 

Dey, G., Chakraborty M. and Mitra, A. (2005). Profiling C6-C3 and C6-C1 phenolic 
metabolites in Cocos nucifera. J Plant Physiol. 162(4):375-81. 

Deyhim, F., Lopez, E., Gonzalez, J., Garcia, M. and Patil, B. S. (2006). Citrus juice 
modulates antioxidant enzymes and lipid profiles in orchidectomized rats. J Med 

Food. 9(3):422-426. 
Diaz, M. N., Frei, B., Vita, J. A. and Keaney, J. F. (1997). Antioxidants and 

atherosclerotic heart disease. N Engl J Med. 337:408-416. 
Dubick, M.and Omaye, S. T. (2001) Modification of atherogenesis and heart disease by 

grape wine and tea polyphenols. In: Wildman REC, ed. Handbook of 



 

 93

nutraceuticals and functional foods. Boca Raton, FL: CRC Press. 235–60. 
Edenharder, R., Kurz, P., John, K., Burgard, S. and Seeger, K. (1994). In vitro effect of 

vegetable and fruit juices on the mutagenicity of 2-amino-3-methylimidazo[4,5-
f]quinoline, 2-amino-3,4-dimethylimidazo[4,5-f]quinoline and 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline. Food Chem Toxicol. 32(5):443-59.  

El-Ashmawy, I. M., Saleh, A. and Salama, O. M. (2007). Effects of marjoram volatile 
oil and grape seed extract on ethanol toxicity in male rats. Basic Clin Pharmacol 

Toxicol. 101(5):320-327.  
Emeruwa, A. C. (1982). Antibacterial substance from Carica papaya fruit extract. J Nat 

Prod. 45(2):123-127. 
Fang, C., Yangzhao, S., Guanghua, Z., Xiaojun, L., Xiaosong, H., Jihong, W. and 

Zhengfu, W. (2007). Optimization of ultrasound-assisted extraction of 
anthocyanins in red raspberries and identification of anthocyanins in extract using 
high-performance liquid chromatography–mass spectrometry. Ultrasonics 

Sonochemistry. 14:767–778. 
Faulks, R. M. and Southon, S. Carotenoids, metabolism and disease. In: Wildman REC, 

ed. Handbook of nutraceuticals and functional foods. Boca Raton, FL: CRC Press, 
2001:143–56. 

Fenech, M. and Ferguson, L. R. (2001). Vitamins/minerals and genomic stability in 
humans. Mutat. Res. 475:1-6. 

Ferguson, L. R. (2001). Role of plant polyphenols in genomic stability. Mutat Res. 
475(1-2):89-111. 

Franke, S. I. R., Prá, D., Silva, J., Erdtmann, B. and Henriques,  J. A. P. (2004) Possible 
repair action of vitamin C on DNA damage induced by methyl methanesulfonate, 
cyclophosphamide, FeSO4 and CuSO4 in mouse blood cells in vivo. Mutat Res 

583:75–84. 
Franke, S. I., Pra, D., Giulian, R., Dias, J. F., Yoneama, M. L., Silva, J., Erdtmann, B. 

and Henriques, J. A. P. (2006). Influence of orange juice in the levels and in the 
genotoxicity of iron and copper. Food Chem Toxicol. 44(3):425-435. 

Gambera, L., Campanella, G., Piomboni, P., Serafini, F., Morgante, G. and De Leo, V. 
(2007). Association of antioxidants and natural immune activators in the treatment 
of astheno-teratospermia and abacterial leukocytosis. Minerva Ginecol. 
59(5):473-479. 

Garg, S. K., Saksena, S. K. and Chaudhury, R. R. (1970). Antifertility screening of 
plants. VI. Effect of five indigenous plants on early pregnancy in albino rats. 
Indian J Med Res. 58(9):1285-1289. 

Gil, M. I., Aguayo, E. and Kader, A. A. (2006). Quality Changes and Nutrient Retention 
in Fresh-Cut versus whole fruits during Storage. J. Agric. Food Chem. 54:4284-
4296. 

Gil, M. I., Tomaä, F. A., S-Barberaä, N., Hess-Pierce, B. and Kader, A. (2002). 
Antioxidant capacities, phenolic compounds, carotenoids, and vitamin c contents 
of nectarine, peach, and plum cultivars from California. J. Agric. Food Chem. 

50:4976-4982. 
Gil-Izquierdo, A., Riquelme, M. T., Porras, I. and Ferreres, F. (2004). Effect of the 

rootstock and interstock grafted in lemon tree (Citrus limon (L.) Burm.) on the 
flavonoid content of lemon juice. J Agric Food Chem. 52(2):324-31. 

González-Molina, E., Moreno, D. A. and García-Viguera, C. (2008). Genotype and 
Harvest Time Influence the Phytochemical Quality of Fino Lemon Juice (Citrus 

limon (L.) Burm. F.) for Industrial Use. J. Agric. Food Chem.  56(5):1669-75. 
Gopalakrishnan, M. and Rajasekharasetty, M. R. (1978). Effect of papaya (Carica 



 

 94

papaya linn) on pregnancy and estrous cycle in albino rats of Wistar strain. Indian 

J Physiol Pharmacol. 22(1):66-70. 
Green, I. R., Tocoli, F. E., Lee, S. H., Nihei, K. I. and Kubo, I. (2007). Design and 

evaluation of anacardic acid derivatives as anticavity agents. Eur J Med Chem. 
Epub ahead of print.  

Grover, I. S. and Bala, S. (1993). Studies on antimutagenic effects of guava (Psidium 
guajava) in Salmonella typhimurium. Mutat Res. 300(1):1-3. 

Guha, B. and Khuda-Bukshs, A. R. (2002). Efficacy of vitamin-C (l-ascorbic acid) in 
reducing genotoxicity in fish (Oerochromis mossambicus) induced by ethyl 
methane sulphonate. Chemosphere. 47:49-56. 

Halliwell, B. and Gutteridge, J. M. C. (1999). Free Radicals in Biology and Medicine, 
3rd ed. Clarendon Press, Oxford. 936p. 

Halsted. C. H. (2003) Dietary supplements and functional foods: 2 sides of a coin? Am J 

Clin Nutr. 77(suppl):1001S–7S 
Hanamura, T., Hagiwara, T. and Hirokazu, K. (2005). Strutural and Functional 

Characterization of polyphenols isolated from Acerola fruit. Bios. Biotechnol. 

Biochem. 69(2):280-286. 
Hartman, P. E. and Shankel, D. M. (1990). Antimutagens and anticarcinogens: a survey 

of putative interceptor molecules, Environ. Mol. Mutagen. 16:136. 
Hatch, F. T., Lightstone, F. C. and Colvin, M. E. (2000). Quantitative structure-activity 

relationship of flavonoids for inhibition of heterocyclic amine mutagenicity. 
Environ. Mol. Mutagen. 35:279-299. 

Herraiz, T. and Galisteo, J. (2003). Tetrahydro-beta-carboline alkaloids occur in fruits 
and fruit juices: activity as antioxidants and radical scavengers. J Agric Food 

Chem. 51(24):7156-7161. 
Hertog, M. G., Feskens, E. J., Hollman, P. C., Katan, M.B. and Kromhout, D. (1993) 

Dietary antioxidant flavonoids and risk of coronary heart disease: the Zutphen 
Elderly Study. Lancet. 342:1007-1011. 

Higashimoto, M., Yamato, H., Kinouchi, T. and Ohnishi, Y. (1998). Inhibitory effects 
of citrus fruits on the mutagenicity of 1-methyl-1,2,3,4-tetrahydro-beta-carboline-
3-carboxylic acid treated with nitrite in the presence of ethanol. Mutat Res. 
415(3):219-26. 

Hoensch, H. P. and Kirch, W. (2005) Potential role of flavonoids in the prevention of 
intestinal neoplasia: a review of their mode of action and their clinical 
perspectives. Int J Gastrointest Cancer. 35(3):187-95. 

Horvatha, G., Wessjohannb, L., Bigirimanac, J., Monicac, H., Jansend, M., Guiseza, Y., 
Caubergsa, R. and Horemans, N. (2006). Accumulation of tocopherols and 
tocotrienols during seed development of grape (Vitis vinifera L. cv. Albert 
Lavallée). Plant Physiology and Biochemistry. 44:724–731. 

Hosseinimehr, S. J. and Karami, M. (2005). Citrus extract modulates genotoxicity 
induced by cyclophosphamide in mice bone marrow cells. J Pharm Pharmacol. 

57(4):505-509. 
Imao, K., Wang, H., Komatsu, M. and Hiramatsu, M. (1998). Free radical scavenging 

activity of fermented papaya preparation and its effect on lipid peroxide level and 
superoxide dismutase activity in iron-induced epileptic foci of rats. Biochem Mol 

Biol Int. 45(1):11-23.  
Janisch, K. M., Olschläger, C., Treutter, D. and Elstner, E. F. (2006). Simulated 

digestion of Vitis vinifera seed powder: polyphenolic content and antioxidant 
properties. J Agric Food Chem. 54(13):4839-4848.  

Jayaprakasha, G. K., Girennavar, B. and Patil, B. S. (2007). Radical scavenging 



 

 95

activities of Rio Red grapefruits and Sour orange fruit extracts in different in vitro 
model systems. Bioresour Technol. 99(10):4484-4494.  

Jime´nez-Escrig, A., Rinco, M., Pulido, R. and Saura-Calixto, F. (2001). Guava fruit 
(Psidium guajava L.) as a new source of antioxidant dietary fiber. J. Agric. Food 

Chem. 49: 5489-5493. 
Joseph JA, Shukitt-Hale B. and Denisova NA (1999). Reversals of age-related declines 

in neuronal signal transduction, cognitive and motor behavioral deficits with 
blueberry, spinach or strawberry dietary supplementation. J Neurosci 19:8114 –21 

Joseph, J. A., Shukitt-Hale, B. and Casadesus, G. (2005) Reversing the deleterious 
effects of aging on neuronal communication and behavior: beneficial properties of 
fruit polyphenolic compounds. Am J Clin Nutr. 81(suppl): 313S–6S. J  

Joseph, J. A., Shukitt-Hale, B. and Denisova, N. A. (1998). Long-term dietary 
strawberry, spinach or vitamin E supplementation retards the onset of agerelated 
neuronal signal-transduction and cognitive behavioral deficits. J Neurosci. 
18:8047-55. 

Kahkonen, M. P., Hopia, A. I. and Heinonen, M. (2001). Berry phenolics and their 
antioxidant activity. J Agric Food Chem. 49(8):4076-4082. 

Kahle, K., Kraus, M. and Richling, E. (2005). Polyphenol profiles of apple juices. Mol 

Nutr Food Res. 49(8):797-806. 
Kammerer, D., Claus, A., Carle, R. and Schieber, A. (2004). Polyphenol Screening of 

Pomace from Red and White Grape Varieties (Vitis vinifera L.) by HPLC-DAD-
MS/MS. . J. Agric. Food Chem. 52:4360-4367.  

Kedage, V.V., Tilak, J. C., Dixit, J. B., Devasagayam, T. P. and Mhatre, M. (2007). A 
study of antioxidant properties of some varieties of grapes (Vitis vinifera L.). Crit 

Rev Food Sci Nutr. 47(2):175-185. 
Kim, A. J. and Park, S. (2006). Mulberry extract supplements ameliorate the 

inflammation-related hematological parameters in carrageenan-induced arthritic 
rats. J Med Food. 9(3):431-5. 

Kirszberg, C., Esquenazi, D., Alviano, C. S. and Rumjanek, V. M. (2003). The effect of 
a catechin-rich extract of Cocos nucifera on lymphocytes proliferation. Phytother 

Res.17(9):1054-8) 
Kiselova, Y., Ivanova, D., Chervenkov, T., Gerova, D., Galunska, B. and Yankova, T. 

(2006).  Correlation between the in vitro antioxidant activity and polyphenol 
content of aqueous extracts from bulgarian herbs. Phytother Res. 20(11):961-965. 

Knödler, M., Conrad, J., Wenzig, E. M., Bauer, R., Lacorn, M., Beifuss, U., Carle, R. 
and Schieber, A. (2008). Anti-inflammatory 5-(11'Z-heptadecenyl)- and 5-
(8'Z,11'Z-heptadecadienyl)-resorcinols from mango (Mangifera indica L.) peels. 
Phytochemistry. 69(4):988-993. 

Kohlmeier, L., Kark, J. D., Gomez-Garcia, E., Martin, B. C., Steck, S. E., Kardinaal, A. 
F. M., Ringstad, J., Thamm, M., Masaev, V., Riemersma, R., Martin-Moreno, J. 
M., Huttunen J. K. and Kok, F. J. (1997). Lycopene and myocardial infarction risk 
in the EURAMIC Study. Am J Epidemiol. 146:618-626. 

Kojima, H., Konishi, H. and Kuroda, Y. (1992). Effects of l-ascorbic acid on the 
mutagenicity of ethyl methanesulfonate in cultured mammalian cells. Mutat. Res. 
266:85-91. 

Konan, N. A., Bacchi, E. M., Lincopan, N., Varela, S. D. and Varanda, E. A. (2007). 
Acute, subacute toxicity and genotoxic effect of a hydroethanolic extract of the 
cashew (Anacardium occidentale L.). J Ethnopharmacol. 110(1):30-8.  

Kvesitatdze, G. I., Kalandiia, A. G., Papunidze, S. G. and Vanidze, M. R. (2001). Use 
of HPLC for identification and quantitative determination of ascorbic acid in kiwi 



 

 96

fruit. Prikl Biokhim Mikrobiol. 37(2):243-6. 
Lala, G., Malik, M., Zhao, C., He, J., Kwon, Y., Giusti, M. M. and Magnuson, B. A. 

(2006). Anthocyanin-rich extracts inhibit multiple biomarkers of colon cancer in 
rats. Nutr Cancer. 54(1):84-93. 

Lampe, J. W. (1999). Health effects of vegetables and fruit: assessing mechanisms of 
action in human experimental studies. Am J Clin Nutr. 70(suppl):475S-90S. 

Lester, G. E. (2008). Antioxidant, Sugar, Mineral, and Phytonutrient Concentrations 
across Edible Fruit Tissues of Orange-Fleshed Honeydew Melon (Cucumis melo 
L.). J Agric Food Chem. 56(10):3694-8. 

Lester, G. E., Hodges, D. M, Meyer, R. D. and Munro, K. D. (2004). Pre-extraction 
preparation (fresh, frozen, freeze-dried, or acetone powdered) and long-term 
storage of fruit and vegetable tissues: effects on antioxidant enzyme activity. J 

Agric Food Chem. 21;52(8):2167-2173. 
Leu, S. J., Lin, Y. P., Lin, R. D., Wen, C. L., Cheng, K. T., Hsu, F. L. and Lee, M. H. 

(2006). Phenolic constituents of Malus doumeri var. formosana in the field of skin 
care. Biol Pharm Bull. 29(4):740-5. 

Lichtenthaler, R., Rodrigues, R. B., Maia, J. G., Papagiannopoulos, M., Fabricius, H. 
and Marx, F. (2005). Total oxidant scavenging capacities of Euterpe oleracea 
Mart. (Açaí) fruits. Int J Food Sci Nutr.56(1):53-64. 

Lohiya N. K., Manivannan, B., Goyal S. and Ansari, A. S. (2008). Sperm motility 
inhibitory effect of the benzene chromatographic fraction of the chloroform 
extract of the seeds of Carica papaya in langur monkey, Presbytis entellus 
entellus. Asian J Androl. 10(2):298-306 

Lohiya, N. K. and Goyal, R. B. (1992). Antifertility investigations on the crude 
chloroform extract of Carica papaya Linn. seeds in male albino rats. Indian J Exp 

Biol. 30(11):1051-5. 
Lohiya, N. K., Goyal, R. B., Jayaprakash, D., Ansari, A. S. and Sharma, S. (1994). 

Antifertility effects of aqueous extract of Carica papaya seeds in male rats. Planta 

Med. 60(5):400-404. 
Lohiya, N. K., Pathak, N., Mishra, P. K. and Manivannan, B. (1999). Reversible 

contraception with chloroform extract of Carica papaya Linn. seeds in male 
rabbits. Reprod Toxicol. 13(1):59-66. 

Lunec, J., Holloway, K. A., Cooke, M. S., Faux, S., Griffiths, H. R. and Evans, M. D. 
(2002). Urinary 8-oxo-2-deoxyguasinose: redox regulation of DNA repair in 
vivo? Free Radic. Biol. Medic. 33:875-885. 

Madeira, S. V. F., Resende, A. C., Ognibene, D. T., Vieira de Sousa, M. A. and Soares 
de Moura, R. (2005). Mechanism of the endothelium-dependent vasodilator effect 
of an alcohol-free extract obtained from a vinifera grape skin. Pharmacological 

Research. 52:321-327. 
Maffei Facinó, R., Carini, M., Aldini, G., Berti, F., Rossoni, G., Bombardelli, E. and 

Morazzoni, P. (1996). Procyanidines from Vitis vinifera seeds protect rabbit heart 
from ischemia/reperfusion injury: antioxidant intervention and/or iron and copper 
sequestering ability. Planta Med. 62(6):495-502. 

Mahattanatawee, K., Manthey, J. A., Luzio, G., Talcott, S. T., Goodner, K. and 
Baldwin, E. A. (2006). Total antioxidant activity and fiber content of select 
Florida-grown tropical fruits. J Agric Food Chem. 54(19):7355-7363. 

Mantena, S. K., Jagadish, Badduri, S. R., Siripurapu, K. B. and Unnikrishnan, M. K. 
(2003). In vitro evaluation of antioxidant properties of Cocos nucifera Linn. 
water. Nahrung. 47(2):126-31. 

Mehdipour, S., Yasa, N., Dehghan, G., Khorasani, R., Mohammadirad, A. and 



 

 97

Abdollahi, R. M. (2006). Antioxidant potentials of Iranian Carica papaya juice in 
vitro and in vivo are comparable to alpha-tocopherol. Phytother Res. 20(7):591-
594.  

Melo Cavalcante A. A., Rubensam, G., Picada, J. N., Gomes da Silva, E., Fonseca 
Moreira, J. C. and Henriques, J. A. (2003). Mutagenicity, antioxidant potential, 
and antimutagenic activity against hydrogen peroxide of cashew (Anacardium 
occidentale) apple juice and cajuina. Environ Mol Mutagen. 41(5):360-9. 

Mercadante, A. Z., Steck, A. and Pfander, H. (1999). Carotenoids from guava (Psidium 
guajava L.): isolation and structure elucidation.  J Agric Food Chem. 47(1):145-
151.  

Mezadri, T., Fernandez-Pachon, M. S., Villano, D., Garcia-Parrilla, M. C. and 
Troncoso, A. M. (2006). The acerola fruit: composition, productive characteristics 
and economic importance. Arch Latinoam Nutr. 56(2):101-9.  

Middleton Jr., E. and Kandaswami, C. (1992). Effects of flavonoids on immune and 
inflammatory cell functions. Biochem. Pharma. 43:1167-1179. 

Miean, K.H. and Mohamed, S. (2001). Flavonoid (myricetin, quercetin, kaempferol, 
luteolin, and apigenin) content of edible tropical plants. J Agric Food Chem. 
49(6):3106-3112.  

Miyake, Y., Mochizuki, M., Okada, M., Hiramitsu, M., Morimitsu, Y. and Osawa, T. 
(2007). Isolation of antioxidative phenolic glucosides from lemon juice and their 
suppressive effect on the expression of blood adhesion molecules. Biosci 

Biotechnol Biochem. 71(8):1911-9. 
Miyazawa, M., Okuno, Y., Fukuyama, M., Nakamura, S. and Kosaka, H. (1999). 

Antimutagenic activity of polymethoxyflavonoids from Citrus aurantium. J Agric 

Food Chem. 47(12):5239-5244. 
Mourvaki, E., Gizzi, S., Rossi, R. and Rufini, S. (2005). Passionflower fruit-a "new" 

source of lycopene? J Med Food. 8(2):279.  
Mullen, W., McGinn, J., Lean, M. E., MacLean, M. R., Gardner, P., Duthie, G. G., 

Yokota, T. and Crozier, A. (2002). Ellagitannins, flavonoids, and other phenolics 
in red raspberries and their contribution to antioxidant capacity and vasorelaxation 
properties. J Agric Food Chem. 50(18):5191-5196. 

Mutsuga, M., Ohta, H., Toyoda, M. M. and Goda, Y. (2001). Comparison of carotenoid 
components between GM and non-GM papaya. Shokuhin Eiseigaku Zasshi. 
42(6):367-373.  

Nagao, M., Morita, N., Yahagi, T.,Shimizu, M., Kuroyanagi, M., Fukuoka, M., 
Yoshihira, Y., Natori, S., Fujino, T. and Sugimura, T. (1981). Mutagenicities of 
61 flavonoids and 11 related compounds. Environ. Mutagen. 3:401-419. 

Nakagawa, T., Yokozawa, T., Satoh, A. and Kim, H. Y. (2005). Attenuation of renal 
ischemia-reperfusion injury by proanthocyanidin-rich extract from grape seeds. J 

Nutr Sci Vitaminol (Tokyo). 51(4):283-286. 
Nakamura, Y., Nakayama, Y., Ando, H., Tanaka, A., Matsuo, T., Okamoto, S., Upham, 

Chang, B. L., Trosko, C. C., Park, J. E. and Sato, K. (2008). 3-
Methylthiopropionic Acid Ethyl Ester, Isolated from Katsura-uri (Japanese 
pickling melon, Cucumis melo var. conomon), Enhanced Differentiation in 
Human Colon Cancer Cells. J Agric Food Chem. 14;56(9):2977-2984. 

Nalini, N., Sabitha, K., Chitra, S., Viswanathan, P. and Menon, V. P. (1997). 
Histopathological and lipid changes in experimental colon cancer: effect of 
coconut kernal (Cocos nucifera Linn.) and (Capsicum annum Linn.) red chilli 
powder. Indian J Exp Biol. 35(9):964-71. 

Narasimhamurthy, K., Muralidhara, R. and  Raina, P. L. (1999). Absence of in vivo 



 

 98

mutagenic potency of heated and fried oils in mice. Indian J Exp Biol. 37(1):50-5. 
Nassiri-Asl, M., Shariati-Rad, S. and Zamansoltani, F. (2007). Anticonvulsant effects of 

aerial parts of Passiflora incarnata extract in mice: involvement of 
benzodiazepine and opioid receptors. BMC Complement Altern Med. 7: 26. 

National Toxicology Program (1990). NTP Toxicology and Carcinogenesis Studies of 
d-Limonene (CAS No. 5989-27-5) in F344/N Rats and B6C3F1 Mice (Gavage 
Studies). Natl Toxicol Program Tech Rep Ser. 347:1-165. 

Navarro, A., Gomez, C., Sanchez-Pino, M. J., Gonzalez, H., Bandez, M. J., Boveris, A. 
D. and Boveris, A. (2005). Vitamin E at high doses improves survival, 
neurological performance and brain mitochondrial function in aging male mice. 
Am. J. Physiol. Regul. Integr. Comp. Physiol. 289:R1392–R1399. 

Nayak, S. B., Pinto Pereira, L. and Maharaj, D. (2007). Wound healing activity of 
Carica papaya L. in experimentally induced diabetic rats. Indian J Exp Biol. 
45(8):739-743.  

Nelson, B. C., Putzbach, K., Sharpless, K. E. and Sander, L. C. (2007). Mass 
Spectrometric Determination of the Predominant Adrenergic Protoalkaloids in 
Bitter Orange (Citrus aurantium). J. Agric. Food Chem. 55: 9769–9775.  

Nogata Y., Ohta, H., Sumida, T. and Sekiya, K. (2003). Effect of extraction method on 
the concentrations of selected bioactive compounds in mandarin juice. J Agric 

Food Chem. 51(25):7346-51. 
Nunez Selles, A. J., Velez Castro, T. H., Aguero-Aguero, J., Gonzalez-Gonzalez, J., 

Naddeo, F., De Simone, F. and Rastrelli, L. (2002). Isolation and quantitative 
analysis of phenolic antioxidants, free sugars, and polyols from mango (Mangifera 
indica L.) stem bark aqueous decoction used in Cuba as a nutritional supplement. 
J Agric Food Chem. 50(4):762-766. 

Ornelas-Paz, J., Yahia, E. M. and Gardea-Bejar, A. (2007). Identification and 
quantification of xanthophyll esters, carotenes, and tocopherols in the fruit of 
seven Mexican mango cultivars by liquid chromatography-atmospheric pressure 
chemical ionization-time-of-flight mass spectrometry [LC-(APcI(+))-MS]. J Agric 

Food Chem. 55(16):6628-6635. 
Osato, J. A., Santiago, L. A., Remo, G. M., Cuadra, M. S. and Mori, A. (1993). 

Antimicrobial and antioxidant activities of unripe papaya. Life Sci. 53(17):1383-
1389.  

Panetta, J., Smith, L. J. and Boneh, A. (2004). Effect of high-dose vitamins, coenzyme 
Q and high-fat diet in paediatric patients with mitochondrial diseases. J. Inherit. 

Metab. Dis. 27:487-498. 
Pelegrini, P. B., Murad, A. M., Silva, L. P., Dos Santos, R. C., Costa, F. T., Tagliari, P. 

D., Bloch Jr, C., Noronha, E. F., Miller, R. N. and Franco, O. L. (2008). 
Identification of a novel storage glycine-rich peptide from guava (Psidium 
guajava) seeds with activity against Gram-negative bacteria. Peptides. Epub ahead 
of print. 

Pellati, F., Benvenuti, S. and Melegari, M. (2004). High-performance liquid 
chromatography methods for the analysis of adrenergic amines and flavanones in 
Citrus aurantium L. var. amara. Phytochem Anal. 15(4): 220-225. 

Percival, S. S., Talcott, S. T., Chin, S. T., Mallak, A. N., Lounds-Singleton, A. and 
Pettit-Moore, J. (2006). Neoplastic Transformation of BALB/3T3 Cells and Cell 
Cycle of HL-60 Cells are Inhibited by Mango (Mangifera indica L.) Juice and 
Mango Juice Extracts. J Nutr. 136(5):1300-1304. 

Petta, T. B., de Medeiros, S. R., do Egito, E. S. and Agnez-Lima, L. F. (2004). 
Genotoxicity induced by saponified coconut oil surfactant in prokaryote systems. 



 

 99

Mutagenesis. 19(6):441-4. 
Portnoy, V., Benyamini, Y., Bar, E., Harel-Beja, R., Gepstein, S., Giovannoni, J. J., 

Schaffer, A., Burger, J., Tadmor, Y., Lewinsohn, E. and Katzir, N. (2008). The 
molecular and biochemical basis for varietal variation in sesquiterpene content in 
melon (Cucumis melo L.) rinds. Plant Mol Biol. 66(6):647-661. 

Prior, R. L., Cao, G. and Martin, A.(1998). Antioxidant capacity as influenced by total 
phenolic and anthocyanin content, maturity and variety of Vaccinium species. J 

Agric Food Chem. 46:2586-93. 
Rababah, T. M., Ereifej, K. I. and Howard, L. (2005). Effect of ascorbic acid and 

dehydration on concentrations of total phenolics, antioxidant capacity, 
anthocyanins, and color in fruits. J Agric Food Chem. 53(11):4444-4447. 

Rahmat, A., Abu Bakar, M. F., Faezah, N. and Hambali, Z. (2004). The effects of 
consumption of guava (psidium guajava) or papaya (carica papaya) on total 
antioxidant and lipid profile in normal male youth. Asia Pac J Clin Nutr. 
13(Suppl):S106.  

Rai P.K., Singh, S. K., Kesari, A. N. and Watal, G. (2007). Glycaemic evaluation of 
Psidium guajava in rats. Indian J Med Res. 126:224-227.  

Ribeiro, M. R., Humberto de Queiroz, J., Lopes, M. E., Milagres Campos, F. and 
Pinheiro Sant’ana, H. M. (2007).  Antioxidant in Mango (Mangifera indica L.) 
pulp. Plant Foods for Human Nutrition. 62:13–17. 

Rimbach, G., Minihane, A. M., Majewicz, J., Fischer, A., Pallauf, J., Virgli, E. and 
Weinberg, P. D. (2002). Regulation of cell signaling by vitamin E. Proc. Nutr. 

Soc. 61:415-425. 
Rincón, A. M., Vásquez, A. M. and Padilla, F. C. (2005). Chemical composition and 

bioactive compounds of flour of orange (Citrus sinensis), tangerine (Citrus 

reticulata) and grapefruit (Citrus paradisi) peels cultivated in Venezuela. Arch 

Latinoam Nutr. 55(3):305-10. 
Rocha A. P., Carvalho, L. C., Sousa, M. A., Madeira, S. V., Sousa, P. J., Tano, T., 

Schini-Kerth, V. B., Resende, A. C. and Soares de Moura, R. (2007). 
Endothelium-dependent vasodilator effect of Euterpe oleracea Mart. (Açaí) 
extracts in mesenteric vascular bed of the rat. Vascul Pharmacol. 46(2):97-104. 

Rodrigues R.B., Lichtenthaler, R., Zimmermann, B. F., Papagiannopoulos, M., 
Fabricius, H., Marx, F., Maia, J. G. and Almeida, O. (2006). Total oxidant 
scavenging activity of Euterpe oleracea Mart. (acai) seeds and identification of 
their polyphenolic compounds. J Agric Food Chem. 54(12):4162-7. 

Rodriguez, J., Di Pierro, D., Gioia, M., Monaco, S., Delgado, R., Coletta, M. and 
Marini, S. (2006). Effects of a natural extract from Mangifera indica L, and its 
active compound, mangiferin, on energy state and lipid peroxidation of red blood 
cells. Biochim Biophys Acta. 1760(9):1333-1342. 

Ryan, E., Galvin, K., O'Connor, T. P., Maguire, A. R. and O'Brien, N. M. (2006). Fatty 
acid profile, tocopherol, squalene and phytosterol content of brazil, pecan, pine, 
pistachio and cashew nuts. Int J Food Sci Nutr. 57(3-4):219-28. 

Saffi, J., Sonego, L., Varela, Q. D. and Salvador, M. (2006) Antioxidant activity of L-
ascorbic acid in wild-type and superoxide dismutase deficient strains of 
Saccharomyces cerevisiae. Redox Rep. 11(4):179-84. 

Saiko, P., Szakmary, A., Jaeger, W. and Szekeres, T. (2008) Resveratrol and its analogs: 
Defense against cancer, coronary disease and neurodegenerative maladies or just a 
fad? Mut. Res. 658:68–94 

Sairam, K., Hemalatha, S., Kumar, A., Srinivasan, T., Ganesh, J., Shankar, M. and 
Venkataraman, S. (2003). Evaluation of anti-diarrhoeal activity in seed extracts of 



 

 100

Mangifera indica. J Ethnopharmacol. 84(1):11-5. 
Sandhya, V. G. and Rajamohan, T. (2006). Beneficial effects of coconut water feeding on 

lipid metabolism in cholesterol-fed rats. J Med Food. 9(3):400-7.  
Sanoner, P., Guyot, S., Marnet, N., Molle, D. and Drilleau, J. P. (1999). Polyphenol 

profiles of French cider apple varieties (Malus domestica sp.). J Agric Food 

Chem. 47(12):4847-53. 
Schauss A. G., Wu, X., Prior, R. L., Ou, B., Huang, D., Owens, J., Agarwal, A., Jensen, 

G. S., Hart, A. N. and Shanbrom, E. J. (2006). Antioxidant capacity and other 
bioactivities of the freeze-dried Amazonian palm berry, Euterpe oleraceae mart. 
(acai). Agric Food Chem. 54(22):8604-8610. 

Schieber, A., Berardini, N. and Carle, R. (2003). Identification of flavonol and xanthone 
glycosides from mango (Mangifera indica L. Cv. "Tommy Atkins") peels by high-
performance liquid chromatography-electrospray ionization mass spectrometry. J 

Agric Food Chem. 51(17):5006-5011. 
Shafiee, M., Carbonneau, M. A., Urban, N., Descomps, B. and Leger, C. L. (2003). 

Grape and grape seed extract capacities at protecting LDL against oxidation 
generated by Cu2+, AAPH or SIN-1 and at decreasing superoxide THP-1 cell 
production. A comparison to other extracts or compounds. Free Radic Res. 

37(5):573-584.  
Silalahi, J. (2002) Anticancer and health protective properties of citrus fruit 

components. Asia Pac J Clin Nutr. 11:79–84. 
Singh, U. P., Singh, D. P., Singh, M., Maurya, S., Srivastava, J. S., Singh, R. B. and 

Singh, S. P. (2004). Characterization of phenolic compounds in some Indian 
mango cultivars. Int J Food Sci Nutr. 55(2):163-169.  

Singleton, V. L. and Rossi, J. A. (1965). Colorimetry of total phenolics with 
phosphomolybdic- phosphotungstic acid reagents. Am J Enol Viticult. 16:144–
158. 

Soares de Moura,R.,Miranda, D. Z., Pinto,A. C. A., Sicca,R. F., Souza,M. A. V., 
Rubenich ,L. M. S., Carvalho,L. C. R. M., Rangel, B. M., Tano, T., Madeira, S. V. 
F. and Resende, A. C. (2004). Mechanism of the endothelium-dependent 
vasodilation and the antihypertensive effect of brazilian red wine. J Cardiovasc 

Pharmacol. 44:302-309 

Spada, P. D. S., Nunes de Souza, G. G., Bortolini, G. V., Henriques, J. A. P. and 
Salvador, M. (2008). Antioxidant, mutagenic, and antimutagenic activity of frozen 
fruits. J. Med. Food. 11(1):144-151. 

Srinivasan, K. (2007). Black pepper and its pungent principle-piperine: a review of 
diverse physiological effects. Crit Rev Food Sci Nutr. 47(8):735-48. 

Stagos, D., Kazantzoglou, G., Magiatis, P., Mitaku, S., Anagnostopoulos, K. and 
Kouretas, D. (2005). Effects of plant phenolics and grape extracts from Greek 
varieties of Vitis vinifera on Mitomycin C and topoisomerase I-induced nicking of 
DNA. Int J Mol Med. 15(6):1013-1022.  

Sun, J., Chu, Y. F., Wu, X. and Liu, R. H. (2002). Antioxidant and antiproliferative 
activities of common fruits. J Agric Food Chem. 50(25):7449-7454. 

Suntornsuk, L., Gritsanapun, W., Nilkamhank, S. and Paochom, A. (2002) Quantitation 
of vitamin C content in herbal juice using direct titration. J Pharm Biomed Anal. 
28(5):849-55. 

Taguri, T., Tanaka, T. and Kouno, I. (2004). Antimicrobial Activity of 10 Different 
Plant Polyphenols against Bacteria Causing Food-Borne Disease. Biol. Pharm. 

Bull. 27(12):1965-1969. 
Tang, X. and Edenharder, R. (1997). Inhibition of the mutagenicity of 2-nitrofluorene, 



 

 101

3-nitrofluoranthene and 1-nitropyrene by vitamins, porphyrins and related 
compounds, and vegetable and fruit juices and solvent extracts. Food Chem 

Toxicol. 35(3-4):373-8. 
Tapiero, H., Townsend, D. M. and Tew, K. D. (2004) The role of carotenoids in the 

prevention of human pathologies. Biomed Pharmacother. 8:100– 10. 
Thimothe, J., Bonsi, I. A., Padilla-Zakour, O. I. and Koo, H. (2007). Chemical 

characterization of red wine grape (Vitis vinifera and Vitis interspecific hybrids) 
and pomace phenolic extracts and their biological activity against Streptococcus 
mutans. J Agric Food Chem. 55(25):10200-10207. 

Trevisan, M. T. S., Pfundstein, B., Haubner, R., Würtele, G., Spiegelhalder, B. and 
Bartsch, H., Owen, R. W. (2006). Characterization of alkyl phenols in cashew 
(Anacardium occidentale) products and assay of their antioxidant activity. Food 

Chem Toxicol. 44(2): 188-97.  
Valcheva-Kuzmanova, S. V. and Belcheva, A. (2006). Current knowledge of Aronia 

melanocarpa as a medicinal plant. Folia Med. 48(2):11-7. 
Viljanen, K., Kylli, P., Kivikari, R. and Heinonen, M. (2004). Inhibition of protein and 

lipid oxidation in liposomes by berry phenolics. J Agric Food Chem. 

52(24):7419-7424. 
Vouldoukis, I., Conti, M., Krauss, P., Kamate, C., Blazquez, S., Tefit, M., Mazier, D., 

Calenda, A. and Dugas, B. (2004). Supplementation with gliadin-combined plant 
superoxide dismutase extract promotes antioxidant defences and protects against 
oxidative stress. Phytother Res. 18(12):957-962. 

Voutilainen, S., Nurmi, T., Mursu, J. and Rissanen, T. (2006) Carotenoids and 
cardiovascular health. Am J Clin Nut. 83:1265–71. 

Vrhovsek, U., Rigo, A., Tonon, D. and Mattivi, F. (2004).  Quantitation of polyphenols 
in different apple varieties. J Agric Food Chem. 52(21):6532-8.  

Wada, L. and Ou, B. (2002). Antioxidant activity and phenolic content of Oregon 
caneberries. J Agric Food Chem. 50(12):3495-3500.  

Wang, H., Cao, G. and Prior, R. (1996). Total antioxidant capacity of fruits. J Agric 

Food Chem. 44:701-5. 
Wang, S. Y. and Jiao, H. (2000). Scavenging capacity of berry crops on superoxide 

radicals, hydrogen peroxide, hydroxyl radicals, and singlet oxygen. J Agric Food 

Chem. 48(11):5677-5684.  
Wen, L., Wrolstad, R. E. and Hsu, V. L. (1999). Characterization of sinapyl derivatives 

in pineapple (Ananas comosus [L.] Merill) juice. J Agric Food Chem. 47(3):850-
3. 

Wijeratne, S. S. K., Abou-Zaid, M. M. and Shahidi, F. (2006). Antioxidants 
polyphenols in almond and its coproducts. J Agric Food Chem. 54:312–318. 

Yang, H., Protiva, P., Cui, B., Ma, C., Baggett, S., Hequet, V., Mori, S., Weinstein, I. B. 
and Kennelly, E. J. (2003). New bioactive polyphenols from Theobroma 
grandiflorum ("cupuacu"). J Nat Prod. 66(11):1501-4.  

Yilmaz, Y. and, Toledo, R. T. (2004). Major Flavonoids in Grape Seeds and Skins: 
Antioxidant Capacity of Catechin, Epicatechin, and Gallic Acid. J. Agric. Food 

Chem. 52:255-260.  
Zadernowski, R., Naczk, M. and Nesterowicz, J. (2005). Phenolic acid profiles in some 

small berries. J Agric Food Chem. 53(6):2118-24. 
Zafirov, D., Bredy-Dobreva, G., Litchev, V. and Papasova, M. (1990). Antiexudative 

and capillaritonic effects of procyanidines isolated from grape seeds (V. Vinifera). 
Acta Physiol Pharmacol Bulg. 16(3):50-54. 



 

 102

 



 

 103

 



 

 104

 



 

 105

 



 

 106

 



 

 107

 



 

 108

 



 

 109

 



 

 110

 



 

 111

 



 

 112

 



 

 113

 



 

 114

 



 

 115

 



 

 116

 



 

 117

 



 

 118

 



 

 119

 



 

 120

 



 

 121

 



 

 122

 



 

 123

 
 

 


