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RESUMO
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ORIENTADOR (A): TATIANA EMANUELLI
CO-ORIENTADOR (A): ELIZETE MARIA PESAMOSCA FACCO
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Devido a escassa quantidade de trabalhos sobre a composi¢do fisico-quimica de frutos de
pitanga (Eugenia uniflora L.), este estudo teve como objetivo a caracterizagdo de pitangas do
Rio Grande do Sul (Brasil) através da determinacao da composi¢ao e capacidade antioxidante
da polpa e das sementes de pitanga. Foram analisadas pitangas de diferentes coloragdes de
polpa (roxa, vermelha e laranja) de selecdes que estdo sendo cultivadas na Embrapa Clima
Temperado (RS-Brasil). Os parametros de qualidade das pitangas (pH, brix e acidez) ficaram
dentro dos limites estabelecidos pela legislacdo brasileira para polpas congeladas. Foram
observadas apenas pequenas diferengas nestes parametros, na composi¢ao centesimal e de
acidos graxos entre as frutas com diferentes coloragdes de polpa. As pitangas de cor laranja
apresentaram maior contetido de carotenodides que as de cor vermelha. Os extratos de pitangas
roxas apresentaram o maior conteudo de fenolicos totais e de antocianinas, bem como, a
maior capacidade antioxidante. A capacidade antioxidante (valores de DPPH e FRAP) dos
extratos metandlicos de pitanga apresentou alta correlagdo com o conteudo de fenolicos totais,
mas nos extratos etandlicos o conteudo de antocianinas correlacionou-se apenas com a
capacidade antioxidante avaliada pelo método de FRAP. Os resultados indicam que as
pitangas cultivadas no Rio Grande do Sul, especialmente as de cor roxa, podem ser
consideradas fontes de compostos bioativos. As sementes de pitanga apresentaram também
capacidade antioxidante, que foi parcialmente correlacionada com o alto teor de fendlicos,
apresentando variacdo de acordo com a coloragdo das pitangas. Assim, sugere-se que este
residuo de baixo valor do processamento da pitanga, poderia ser usado como uma fonte
natural de antioxidantes. Nao foram encontradas diferengas relevantes na composi¢do de

sementes de pitanga de diferentes coloracdes. Os resultados revelaram que a pitanga ¢ uma



boa fonte de fibra dietética, que poderia ser explorada para uso na nutrigdo animal e/ou
humana. No entanto, mais estudos sdo necessarios para determinar se a presenga de algum
fator antinutricional como glicosidios cianogénicos poderia limitar esta aplicagdo.

Palavras-chave: acidos graxos insaturados, B-criptoxantina, licopeno, B-caroteno, semente,

pitanga.
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Due to the scarce amount of studies on the physicochemical composition and antioxidant
capacity of pitanga fruits (Eugenia uniflora L.) this study was performed, with objective of
increase data on pitanga fruits from Rio Grande do Sul state (Brazil) by determining the
composition and antioxidant capacity of flesh and seeds from pitanga. We analyzed pitanga
fruits with different flesh colors (purple, red and orange) from tree selections cultivated at
Embrapa Clima Temperado (RS-Brazil). The quality parameters of pitanga fruits (pH, brix,
acidity) were within the legal limits established for frozen pulp and only slight differences
were observed in these parameters and in the proximate and fatty acid composition among
fruits with different flesh color. Orange fleshed pitanga had higher carotenoid content than red
samples. The extracts from purple fleshed color pitanga had the highest total phenolic and
anthocyanin content along with the highest antioxidant capacity. Antioxidant capacity (DPPH
and FRAP assay) of methanolic pitanga extracts was highly correlated to the total phenolic
content, but in ethanolic extracts anthocyanin content was correlated only to FRAP
antioxidant capacity. These results indicate that pitanga cultivated in the Rio Grande do Sul
state, specially the purple fleshed fruits, can be considered sources of bioactive compounds.
Pitanga seeds had antioxidant capacity that was partially correlated to their high phenolic
content and showed some variation according to the pitanga flesh colors. Accordingly, we
suggest that this low value waste of pitanga processing, could be used as a source of natural
antioxidants. No relevant differences were found in the proximate composition among seeds
from pitanga of different colors. Results revealed that pitanga seeds are a good source of
dietary fiber, which could be explored for use in animal and/or human nutrition. However,
more studies are necessary to determine if some antinutritional factor like cyanogenic
glycosides could be a limit for this application.

Key-words: unsatured fatty acids, B-cryptoxanthine, lycopene, B-carotene, seed, pitanga.
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1. INTRODUCAO

E largamente conhecido, por estudos epidemioldgicos, que o consumo de frutas e
vegetais confere muitos beneficios a saude, pois tem se demonstrado uma associa¢do positiva
entre o consumo destes alimentos e a reducdo do indice da mortalidade por doencas cronicas
(STEINMETZ, POTTER, 1996; GARCIA-CLOSAS et al., 1999). Os fitoquimicos presentes
em frutas e vegetais podem ser benéficos na prote¢do do corpo humano contra danos causados
por espécies reativas de oxigénio (ROS) (DIPLOCK et al, 1998). Isto promove protecdo
contra doengas cronicas, incluindo cancer e desordens neurodegenerativas, inflamagdo e
doengas cardiovasculares (PRIOR ; GU, 2005).

A pitangueira (Eugenia uniflora L.) ¢ uma planta da familia das mirticeas, que tem
seu cultivo disseminado por varios paises do mundo, no Brasil ela ¢ cultivada principalmente
no Estado de Pernambuco. Esta planta comecou a ser estudada pelos pesquisadores devido as
propriedades benéficas a saude atribuidas as folhas, pois estas sdo utilizadas na medicina
popular para inimeras desordens (ADEBAJO, OLOKI, ALADESANMI, 1989). Além disso,
acOes benéficas tais como atividade antiinflamatoria, diurética, hipotensora, inibidora do
aumento da glicose e de trigliceridios séricos (MATSMURA et al, 2000) estdo sendo
estudadas.

No entanto, além das folhas da pitanga possuem compostos com propriedades
benéficas. Os frutos também possuem carotendides e fenodlicos, entre outros compostos, os
quais proporcionam beneficios a saude. A presenga de antocianinas aliada aos teores de
flavondis e carotendides totais fazem deste fruto uma fonte promissora de compostos
antioxidantes (LIMA, MELO, LIMA, 2002).

Na industria brasileira de alimentos, os frutos de pitanga véem sendo usados na
producao de sucos e polpa congelada. A polpa congelada possui um alto potencial econdmico,
devido a sua alta concentracdo de antocianinas e carotendides (LIMA, MELO, LIMA, 2002).
Além disso, a investigacdo da composi¢do centesimal dos frutos e do perfil lipidico nos
oferece dados sobre o valor nutricional de frutas, pouco estudadas como a pitanga. O
conhecimento de diferentes selecdes da fruta pode ser util para programas de melhoramento
genético, a fim de selecionar as que contém alto valor nutricional ou alto teor de fitoquimicos,
pois sabe-se que as frutas, em fungdo de fatores intrinsecos (cultivar, variedade, estadio de

maturacdo) e extrinsecos (condi¢des climaticas e edaficas) apresentam, em termos
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quantitativos e qualitativos, composicao variada de constituintes como fenolicos, por exemplo
(MELO et al., 2008).

Devido ao fato de milhdes de toneladas de residuos so6lidos agro-alimentares serem
produzidos anualmente e isto gerar conseqiiéncias e danos ambientais, cresce a preocupagao
com o descarte de residuos (ISCI; DEMINER, 2007). Uma alternativa para a utilizacdo de
sementes de frutas, as quais s@o residuos do processamento da industria de polpas e sucos de
frutas, € a utilizagdo destas como fontes de antioxidantes. Antioxidantes de fontes residuais
podem ser usados como aditivos naturais nos alimentos para prevenir a oxidacgdo lipidica
(MOURE et al., 2001).

Considerando o exposto acima, o objetivo deste trabalho foi avaliar as caracteristicas
fisico-quimicas de frutos de pitanga (Eugenia uniflora L.) de diferentes coloragdes (roxa,
vermelha e laranja) produzidos no Estado do Rio Grande do Sul e determinar a capacidade

antioxidante dos extratos da por¢do comestivel e da semente.
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2. REVISAO DA LITERATURA

2.1 Pitanga (Eugenia uniflora L.)

2.1.1. Caracteristicas gerais

A Eugenia uniflora L. (pitangueira) ¢ uma planta largamente distribuida nos paises do
Sul da América do Sul, incluindo Argentina, Brasil, Uruguai e Paraguai. Localmente, ¢é
conhecida como pitanga ou nangapiri (CONSOLINI, 2001) e pertence a familia das
mirtaceas, composta por mais de 100 géneros e 3600 espécies. Esta familia esta dividida em
duas subfamilias: Myrtoideae, apresentando frequentemente frutos em bagas, e incluindo os
géneros Myrtus, Psidium, Pimenta, FEugenia, Pseudocaryophyllus e Syzygium, e
Leptospermoideae, com frutos na sua maioria com semente Unica do tipo noz, a qual
pertencem os géneros Eucalyptus, Leptospermum e Malaleuca (TYLER, 1996). Do ponto de
vista econdmico, as mirtaceas sdo muito apreciadas pela populacdo devido a produgdo de
saborosos frutos carnosos do tipo baga. O perfil quimico da familia Myrtaceae ¢ bem
conhecido e caracteriza-se pela presenca de taninos, flavonoides, mono e sesquiterpenos,
triterpenos e caracteristicamente derivados do floroglucinol (Cruz e Kaplan, 2005).

Conforme Bezerra et al. (2000), devido a sua adaptabilidade as mais distintas
condicdes de clima e solo, a pitangueira foi disseminada e ¢ atualmente cultivada nas mais
variadas regioes do globo como Américas do Sul e Central, Caribe, Florida, Califérnia, Havai,
Sudeste da Asia, China, India, Sri Lanka, México, Madagascar, Africa do Sul, Israel e
diversos paises do Mediterraneo. Seus frutos apresentam-se em forma de bagas globulosas,
que vao da coloracdo laranja-claro até roxo-escuro (Figura 1), apresentando alto potencial
industrial na fabricagdo de polpas, sorvetes e geléias.

Em média, as frutas maduras, apresentam um rendimento (porg¢ao comestivel) de 80 e
65% (SANTOS et al., 2002) para os tipos vermelho e roxo, respectivamente, ¢ Bezerra et al.
(2000) encontraram valores variando de 74,6 a 88,4%.0 didmetro das frutas é, em geral, em
torno de 2,0 cm e, o teor de solidos soluveis totais (SST) ¢ alto, com valores acima de 12

°Brix, atingindo até 17 °Brix em algumas sele¢des (Franzom, 2004).
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Figura 1. Pitangas (Eugenia uniflora L.) com diferente coloracdo de polpa. (Fonte:
LIRA JUNIOR et al, 2008)

No que concerne a produgdo e comercializagdo da fruta, ndo se dispde de dados
oficiais, tanto no Brasil quanto no mundo, no entanto estima-se que o Brasil seja o maior
produtor mundial. Os maiores plantios estdo localizados no Estado de Pernambuco, onde uma
regido possui cerca de 300 hectares cultivados (BEZERRA et al., 2000).

O cultivo da pitangueira, principalmente no Estado de Pernambuco, vem crescendo a
cada ano em razdo da utilizacdo dos frutos para o preparo de polpa, bem como para a
elaboracdo de sorvetes, sucos, refrescos, geléias, licores e vinhos (LEDERMAN et al., 1992;
Bezerra et al., 2000). Entende-se por polpa de fruta o produto nado-fermentado, nao-
concentrado, nao-diluido, obtido de frutos polposos, por meio de processo tecnoldgico
adequado, com um teor minimo de sélidos totais, proveniente da parte comestivel do fruto. O
padrao de identidade e qualidade (PIQ) ¢ especifico para cada fruta (EMBRAPA
INFORMACAO TECNOLOGICA, 2003). A polpa congelada de pitanga deve obedecer aos
parametros da Instru¢do Normativa, n °1, de 7 de janeiro de 2000, que aprova o Regulamento
Técnico Geral para Fixa¢ao da Identidade e Qualidade para polpa de fruta (BRASIL, 2000).

Esta espécie nativa pode entrar como uma nova atividade nas propriedades rurais do
Sul do Brasil gerando renda, pois a pitangueira tem sua primeira safra em outubro/novembro,
e a segunda em margo/maio, podendo esta ultima se estender até a entrada do inverno. A
segunda safra do ciclo da pitangueira ocorre quando j& terminou a colheita do péssego. Nesta
época, ja terminou a colheita de outras culturas economicamente importantes, logo existe

mao-de-obra disponivel para colheita de pitanga (FRANZOM, 2004).
2.1.2. Benéficos a saude
Estudos realizados demonstraram que a pitangueira pode ser muito util para prevenir

doencas humanas. Neste sentido, estdo sendo desenvolvidas para comprovar o uso dos

extratos de folhas introduzidos na medicina popular pelos indios Guaranis no século XV
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(ALONSO, 1998). Tal utilizacdo se deve as propriedades diuréticas, antiinflamatorias e
inibidoras da xantina oxidase (efeito anti-gota). Trabalhos recentes tém demonstrado a
inibi¢do do transito gastrintestinal “in vivo” e acdo hipotensora (CONSOLINI et al., 2002).
SCHAPOVAL et al. (1994) também destacam a pronunciada agdo antiinflamatoria dos
extratos de folhas.

Extratos da folha da pitanga tém mostrado pronunciada inibicdo do aumento da
glicose e de triglicerideos no plasma (MATSUMURA et al., 2000), possui ainda atividade
antimicrobiana (HOLETZ et al., 2002) e atividade antifingica (SOUZA et al., 2002). Extratos
da fruta de Eugenia uniflora L. apresentaram capacidade antioxidante maior em comparagdo a
outras frutas cultivadas no Brasil, como o cupuagu, a jabuticaba e a manga (EINBOND et al.,
2004)

Tanto as folhas como os frutos da pitanga possuem varios constituintes importantes,
logo, se o consumo da fruta for estimulado pode proporcionar efeitos benéficos a saude, assim
como com a utilizagdo das folhas (OLIVEIRA, 2006). Selecdes de pitanga provenientes do
Estado de Pernambuco apresentam consideraveis teores de polifenodis e carotenoides totais,
sendo que a selecdo roxa no estddio maduro destacou-se por apresentar grandes teores destes
fitoquimicos (LIMA, MELO, LIMA, 2002). Devido ao fato de haver variagdes nos teores dos
compostos, dependendo do local de origem das amostras, dependentes de fatores climaticos
ou edaficos (MELO et al., 2008) necessita-se de estudos sobre a composicdo de frutas

provenientes do Estado do Rio Grande do Sul.

2.2. Composic¢ao fisico-quimica de frutas

A composicdo quimica de frutas depende em grande medida do tipo de fruto e do
grau de maturacdo, contudo os componentes fundamentais quantitativamente das porcdes
comestiveis sdo acucares, polissacarideos e dacidos organicos, enquanto 0s compostos
nitrogenados e lipidios sdo escassos (BELITZ; GROSH, 1988). Além disso, possuem
importancia por seu valor nutritivo: as vitaminas e minerais, compostos que atribuem cor,
sabor e aroma (BELITZ; GROSH, 1988). Na familia das mirtaceas especificamente, a qual a
pitanga pertence, as frutas, em geral, enquadram-se na classe de frutos carnosos e suculentos
(GEMTCHUJNICOV, 1976). Conforme Franco (2006) a pitanga possui 6,40% de
carboidratos, 1,02% de proteinas, 1,90% de lipidios. J4 na Tabela Brasileira de Composicao
de Alimentos (TACO, 2006) verificamos 10,2% de carboidratos, 0,9% de proteinas, 0,2% de
lipidios, 88,3% de umidade e 0,4% de cinzas.
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O amido se encontra presente normalmente somente em frutas ndo maduras, e
diminui sua concentragcdo ao longo da maturagdo até desaparecer, exceto em bananas e alguns
frutos secos, ja a fracdo protéica, em sua maioria, estd constituida por enzimas do
metabolismo de carboidratos, lipidico, protéico, catalases, peroxidades, fenoloxidases, entre
outras e os pigmentos do fruto modificam-se com o amadurecimento, sendo que o licopeno
incrementa-se (BELITZ; GROSH, 1988).

A proporg¢ao lipidica dos frutos ¢ normalmente muito baixa, da ordem de 0,1-0,5%
do peso fresco (BELITZ; GROSH, 1988). Porém, alguns autores encontraram valores maiores
de lipidios em cambuci (Campomanesia phaea) (VALILO et al., 2005) e uvaia (Eugenia
pyriformis Camb.) (Franco, 1992), ambas da familia das mirtdceas com 1,53% e 2,07%,
respectivamente. Entre os 4cidos graxos predominam os acidos palmitico, oléico e linoléico
nas polpas de frutas como macd, abacate e banana (BELITZ; GROSH, 1988). Os acidos
graxos poliinsaturados (PUFAS), em especial os 06mega 3, sdo considerados compostos
desejaveis na dieta humana, devido a sua acdo de reduzir a incidéncia de doencas
cardiovasculares (LEAF; WEBER, 1988). Os 4cidos graxos poliinsaturados de frutas vem
sendo pesquisados, sendo que, residuos do processamento de vinho, com partes variadas de
uva (Vitis vinifera) se mostraram com alto teor de acidos graxos poliinsaturados, em torno de

60-64% do total de &cidos graxos pesquisados (Yi et al., 2008).

2.3.Compostos bioativos

2.3.1. Polifendis

Os polifenois sdo compostos largamente distribuidos no reino vegetal, fazendo parte
da dieta de forma significativa, influenciando fortemente a qualidade dos frutos, pois
contribuem sensorial e nutricionalmente com estes (BAHORUN et al., 2004; SCALZO et al.,
2005). A condensacdo de catecdis a taninos provoca a apari¢do de um sabor amargo e
adstringente, caracteristico de macas imaturas (BELITZ; GROSH, 1988). Diversos autores
tém estudado a presenca de compostos fendlicos em plantas, em razdo de sua participagdo em
processos responsaveis pela cor, adstringéncia e aroma de varios alimentos, da atividade
farmacologica e nutricional e da capacidade de inibir a oxidagao lipidica e a prolifera¢ao de
fungos (PELEG et al., 1998). Segundo Reynerston et al. (2008) polifenois de frutas sdo

importantes constituintes antioxidantes da dieta. As frutas, principais fontes dietéticas de
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polifendis, apresentam variacdes quantitativas e qualitativas na composi¢do desses
constituintes em funcdo de fatores intrinsecos (cultivar, variedade, estadio de maturacdo) e
extrinsecos (condigdes climaticas e edaficas). Por sua vez, a eficacia da agdo antioxidante
depende da concentracdo destes fitoquimicos no alimento (MELO et al., 2008). Os polifenois

podem ser classificados em dois grandes grupos: os flavonoéides e os ndo flavonoides.

2.3.2. Flavonoides e Antocianinas

Os flavondides representam o maior grupo de polifendis encontrados em alimentos
(SCALBERT; WILLIANSON, 2000), sendo os compostos de maior diversificagdo no reino
vegetal, os quais sdo formados por uma estrutura basica C6-C3-C6. Neste grupo encontram-se
as antocianinas, flavondis, flavonas, auronas, chalconas e isoflavonas dependendo do lugar,
numero ¢ combinacdo da molécula (SOARES et al., 2002). Os flavonoéides sao considerados
0s mais potentes antioxidantes entre os compostos fenolicos (SHAHID et al., 1992;
SOOBRATTEE et al., 2005). A sub-classe de flavonoides chamada de antocianinas ¢
responsavel pela coloracdo vermelha, azul e roxa de muitas frutas e vegetais, flores e outros
tecidos de plantas ou produtos. A estrutura quimica basica das antocianinas € o cation

flavilium (Figura 2).

Figura 2. Cation flavilium. R1 e R2= -H, -OH, OCH3, R3= -glicosil, R4=-H,—

glicosil.(Fonte: FENNEMA, 2000).

As antocianinas sdo particularmente abundantes em berries e outras frutas de
coloracdo vermelha, azul ou roxa e em vinhos tintos (MAZZA, 2007). Algumas fontes de

antocianinas sdo o mirtilo, a pitanga, a framboesa, o morango, a groselha, uvas e vinho tinto.
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Uma quantia de 100g de berries pode conter 500 mg de antocianinas (MAZZA; MINIATI,
1993).

A coloragdo da pitanga sugere a presenca de pigmentos naturais como os flavondides.
A presenca e a quantidade desses pigmentos estdo relacionadas com o grau de maturagdo.
Tanto na pitanga roxa como na vermelha a tendéncia das antocianinas ¢ aumentar o contetido
durante o processo de maturagdo, indicando haver uma sintese desses pigmentos na pitanga
(SANTOS et al., 2002), como ocorre em outras frutas (FIGUEIREDO et al., 2002). O rapido
acumulo destes pigmentos nos estadios finais de maturacdo proporciona uma aparéncia
atrativa, caracteristica da fruta madura (SANTOS et al., 2002). O extrato antocianico de
pitanga roxa surge como perspectiva para uso como corante natural em produtos alimenticios,
acondicionados em embalagem opaca. Alguns fatores como pH, temperatura, auséncia de
oxigénio ¢ a forma de acondicionamento do derivado da pitanga podem influenciar na
estabilidade das antocianinas (LIMA et al., 2005).

Muitos estudos sugerem que flavonoides exibem varias atividades bioldgicas,
incluindo antialérgica, anti-viral, anti-tumoral, acdes antiinflamatoérias e antioxidantes
(HARBONE, 1992). As antocianinas possuem diversos efeitos in vitro que sugerem
beneficios potenciais a saude em geral e reducdo de doengas coronarianas, em particular
(MAZZA, 2007). Os mecanismos primarios creditados como responsaveis pela reducdo no
risco de doengas coronarianas incluem a reducdo de coagulagdo plaquetaria (ELWOOD et al,
1991) e o aumento circulatorio da lipoproteina de alta-densidade (HDL; GRAZIANO et al.,
1993), além da atividade removedora de radicais livres (antioxidante) (BOORS & SARAN,
1987). O representante das antocianinas encontrado em grande quantidade na pitanga ¢ a

delfinidina-3-glicosidio (EINBOND et al., 2004).

2.3.3.Carotenoides

Os carotenoides pertencem ao grupo quimico dos terpendides ou terpenos (Figura 3)
e sdo encontrados amplamente distribuidos em uma grande variedade de alimentos: muitas
frutas, hortalicas, peixes, grdos, flores e raizes. Estes pigmentos sdo biossintetizados por
plantas superiores € por microrganismos, enquanto que os animais os adquirem através da
dieta (PORCU, 2004). Sao atribuidas aos carotendides atividades de precursores de vitamina
A (BAWERNFLEIND, 1981), contribuem com a diminui¢do do risco de catarata, aumento da
eficiéncia do sistema imunoldgico, além do bloqueio da degeneragdo macular ¢ de reduzir a

incidéncia de doengas cardiovasculares (RODRIGUEZ-AMAYA, 1997). A atividade pro-
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vitaminica A ja ¢ uma funcdo comprovada dos carotenodides. Em paises em desenvolvimento,
onde os produtos de origem animal (fontes de vitamina A pré-formada) ndo sdo
economicamente acessiveis a toda populacdo, a vitamina A da dieta é proveniente
principalmente das pro-vitaminas A (SIMPSON, 1983). A vitamina A exerce inumeras
fungdes importantes no organismo, como agdo protetora na pele e nas mucosas e papel
essencial na fun¢do da retina e da capacidade funcional dos 6rgdos de reproducdo (FRANCO,
2006). O B-caroteno, a-caroteno e a B-criptoxantina sdo precursores da vitamina A, sendo que
o primeiro apresenta o dobro de atividade do que os demais. A luteina e a zeaxantina sao os
carotendides relacionados com a protecdo a degeneragdo macular e catarata (SNODDERLY,
1995).

A atividade antioxidante de carotendides também vem sendo relatada na literatura.
Entre uma série de carotenodides avaliados, o licopeno mostrou-se como um dos mais
eficientes, podendo doar elétrons para neutralizar as moléculas de oxigénio singlete e outras
moléculas oxidantes, antes que elas prejudiquem as células vivas (RAO et al., 2002). Alguns
autores citam o licopeno como o principal carotendide da pitanga, porém existem variacdes
quanto ao teor desse pigmento, assim como em outros carotendides, dependendo do local de
origem da fruta (CAVALCANTE; RODRIGUEZ-AMAYA, 1992; AZEVEDO-MELEIRO;
RODRIGUEZ-AMAYA, 2004). Azevedo-Meleiro & Rodriguez-Amaya (2004) identificaram
e quantificaram os principais carotenoides em pitangas do estado de Sdo Paulo, e encontraram
o licopeno e a rubixantina como os majoritarios desta classe de compostos. Ja Cavalcante &
Rodriguez-Amaya (1992) encontraram licopeno e y-caroteno como os principais carotenoides
em amostras provenientes do estado de Pernambuco. Efeitos geograficos e de clima tem sido
apontados como responsaveis pela variacdo quantitativa destes compostos em frutas, como
por exemplo, a acerola (CAVALCANTE; RODRIGUEZ-AMAYA, 1992) e a uva (CANTOS
et al, 2002). Além disso, condi¢cdes de altas temperaturas e exposi¢do a luz podem ser
responsaveis pelo alto teor de carotendides em camu-camu (Myrciaria dubia) (ZANATTA;

MERCADANTE, 2007), podendo ocorrer algo semelhante na pitanga.
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Figura 3. Exemplos de terpenos (Fonte: GAZZONI, 2008)

2.4 Antioxidantes

2.4.1. Defesas antioxidantes

Atualmente, a atividade antioxidante de compostos bioativos, em geral, tem recebido
muita atengdo dos pesquisadores. Espécies reativas de oxigénio (ROS) sdo produzidas
naturalmente no organismo de mamiferos, como resultado do metabolismo oxidativo.
Contudo, ROS podem causar danos celulares as membranas e DNA, propiciando mutacdes
que podem desencadear a carcinogénese. Além disso, pode ocorrer a oxidacao de lipoproteina
de baixa densidade (LDL), e, assim, pode ser considerada um dos principais fatores de
promocdo de doengas coronarianas (RAHMAN; ADCOCK, 2006). A maioria das espécies
animais possui um sistema eficiente de prote¢ao, sendo assim capaz de neutralizar os efeitos
prejudiciais decorrentes do metabolismo do oxigénio e da oxidagdo de lipidios. A remocao
enzimatica dos intermedidrios reativos, oriundos da reducdo do oxigénio, ocorre pela acdo
conjunta das enzimas intracelulares, como a superoxido dismutase (SOD), glutationa

peroxidade (GSH-Px) e catalase. A formacdo de radicais livres in vivo ocorre pela agdo de
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enzimas, durante os processos de transferéncia de elétrons que ocorrem no metabolismo
celular e pela exposicdo a fatores exdgenos, tais como: 0zonio, radiacdes gama e ultravioleta,
dieta, uso de medicamentos e tabagismo (CERUTI, 1991). O desequilibrio entre moléculas
oxidantes e antioxidantes, que resulta na inducdo de danos celulares pelos radicais livres, tem
sido chamado de estresse oxidativo (SIES, 1993).

Além das defesas antioxidantes enzimaticas, os antioxidantes ndo enzimaticos,
supridos pela dieta, também participam do sistema de defesa antioxidante do organismo.
Esses compostos sdo definidos como quaisquer substancias que, quando presentes em baixas
concentragdes, comparadas as de um agente oxidante, sdo capazes de prevenir a oxidagdo do
substrato (HALLIWELL; GUTTERIDGE, 2000). Entre os compostos antioxidantes incluem-
se os fenolicos, vitamina E, carotenodides, acido ascorbico, entre outros. Estes atuam
protegendo as células vivas e alimentos in natura bloqueando a acdo de radicais livres,
formados pela oxidagcdo quimica e, ou enzimatica (lipoxigenase e cicloxigenase), envolvidas
na oxidacdo de 4cidos graxos poliinsaturados e, consequentemente, na formacao de peroxidos.
As dietas contendo substancias que atuam como antioxidantes (frutas, vegetais, cereais, 0leos
e graos) sdo benéficas para o mecanismo de defesa celular, protegendo desta forma os
componentes da célula das alteragdes oxidativas (ARAUJO, 2004). Os antioxidantes estio
freqlientemente relacionados com a prevengdo de doengas degenerativas, tais como doencas
cardiovasculares, neuroldgicas e cancer, além de outras disfungdes nas quais haja
envolvimento do estresse oxidativo (BOLCK, 1992; DIPLOCK, 1995).

Segundo Bianchi & Antunes (1999), os antioxidantes atuam em diferentes niveis na
protec@o dos organismos. O primeiro mecanismo de defesa contra os radicais livres é impedir
a sua formacao, principalmente pela inibi¢ao das reagdes em cadeia com o ferro € o cobre. O
segundo, pela interceptacdo de radicais livres gerados pelo metabolismo celular ou por fontes
exogenas, impedindo o ataque sobre os lipidios, os aminoacidos das proteinas, as bases do

DNA, evitando a formagao de lesdes e perda da integridade celular.

2.4.2. Avaliacio da capacidade antioxidante

Um grande numero de métodos tem sido desenvolvido como o objetivo de avaliar a
capacidade antioxidante em alimentos. Contudo, devido a complexidade da composicao de
cada tipo de alimento, tendo em vista que antioxidantes ndo atuam separadamente, a possivel
interacdo entre eles pode fazer com que a determinacdo da capacidade antioxidante

individualmente seja menos efetiva do que o estado antioxidante total (PRIOR; CAO, 1999).
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Logo, sdo numerosas as metodologias para determinacdo da capacidade antioxidante e podem
estar sujeitas a interferéncias, sendo necessario o emprego de duas ou mais técnicas, pois
nenhum método sozinho poderia refletir exatamente a capacidade antioxidante total de uma
amostra (HUAN et al., 2005).

Uma das estratégias mais aplicadas nas medidas in vitro da capacidade antioxidante
total de compostos, pertencentes a um alimento, consiste em determinar a atividade
antioxidante frente a substincias cromdgenas de natureza radicalar; onde o desaparecimento
da cor ocorre de forma proporcional a concentracdo de antioxidantes (ARENA et al., 2001). O
método do DPPH (diphenyl-2-pricrylhydrazyl) (BRAND-WILLIANS et al, 1995) ¢ baseado
na redugdo do radical DPPH na presenga de antioxidante doador de hidrogénio. Este método
tem sido considerado um dos mais representativos para o emprego em modelos de radicais na
avaliacdo da capacidade de remocao de radicais livres (GENOVESE et al, 2008).

Outro método utilizado para medir a atividade antioxidante ¢ a capacidade de
reducdo do ferro (FRAP, ferric reducing antioxidant power). No FRAP ocorre a reducdo do
ion férrico para ion ferroso, em pH baixo, causando o aparecimento de um complexo colorido
ferroso-tripiridiltriazina (ferroso-TPTZ) (BENZIE; STRAIN, 1996). O complexo Fe (II)-
TPTZ tem uma coloragdo azul intensa e pode ser monitorado a 593 nm.

Além disso, sdo utilizados métodos que fazem uso de modelos de substratos
lipidicos. Um deles ¢ o método que utiliza B-caroteno/acido linoléico, o qual mede a
habilidade de um composto em inibir a descoloracdo do B-caroteno, causada por radicais
livres formados durante a peroxidacdo do acido linoléico (YANISHILIEVA; MARINOVA,
1995).

A capacidade antioxidante em modelos alimentares também pode ser verificada
através de metodologias de determinagdo da estabilidade oxidativa, como por exemplo,
através da determinagcdo de substancias reativas ao 4cido tiobarbitirico (TBARS),
determinagd@o de peroxidos e de compostos volateis. A capacidade antioxidante ¢ representada
pelo aumento do tempo de inducdo ou retardo na velocidade de formacdo dos produtos da

oxidagdo (SILVA et al., 1999).

2.5. Aproveitamento de residuos de frutas

Milhées de toneladas de residuos sélidos agro-alimentares sdo produzidos anualmente

e sdo dispostos de varias formas, incluindo incineragao e aterramento (ISCI; DEMIRER,

2007). As industrias que processam agua de coco, por exemplo, geram volumes significativos
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e crescentes da casca deste material, que ¢ enterrado em lixdes e aterros, causando problemas,
especialmente em grandes centros urbanos (ROSA, 1998). O residuo industrial, depois de
gerado, necessita de destino adequado, pois ndo pode ser acumulado indefinidamente no local
onde foi produzido. A disposicdo dos residuos no meio-ambiente por meio de emissdes de
matéria e de energia lancados na atmosfera, nas aguas ou nos solos deve ocorrer apos os
residuos sofrerem tratamentos adequados, seguindo os padrdes estabelecidos na legislagdo
ambiental, para ndo causarem poluicdo (AQUARONE, 1990).

Durante o processamento de frutas para obtencdo da polpa, sdo recolhidos materiais
ndo aproveitados na produc¢do industrial, os chamados residuos, tais como as cascas e centro
das frutas, as sementes, os carogos ¢ o bagaco. Para diminuir o impacto ambiental, ¢é
importante o aproveitamento alternativo destes materiais. Por exemplo, as frutas refugadas
durante a sele¢do podem ser utilizadas na industria de vinagres e aguardentes; cascas ¢ miolos
de abacaxi, na fabricacdo de bebidas fermentadas, alcool e vinagre, casca de maracuja, para
elaboragao de doces em massa ¢ em calda. Outros residuos que podem ser aproveitados sao
determinados carogos que podem fornecer 0leos vegetais nao-volateis utilizados na industria
de sabdo, alimenticia e de cosméticos. Atualmente, nas agroindustrias de polpas de frutas,
praticamente todos os residuos solidos sdo conduzidos a uma area destinada para esse fim,
onde sofrem uma fermentacdo natural e, posteriormente, sdo utilizados como adubo nas
plantagdes de frutas (EMBRAPA INFORMACAO TECNOLOGICA, 2003).

Compostos antioxidantes estdo presentes ndo somente na porg¢do comestivel dos
frutos, mas também na semente, desta forma sua agdo antioxidante pode motivar o
aproveitamento destes residuos como matérias-primas para a extracdo de antioxidantes
naturais para uso em alimentos. Soong & Barlow (2004) encontraram maior teor de
compostos fenolicos na améndoa da semente de manga do que na polpa da fruta, sugerindo
que estes compostos poderiam ser boas fontes de antioxidantes para alimentos.

A valoragdo de residuos agroindustriais, através do seu aproveitamento como fonte de
nutrientes para a alimentagdo animal e/ou humana, ou como matéria-prima para a extracao de
aditivos antioxidantes, depende do conhecimento da composi¢do destes residuos. No caso da

semente da pitanga, ndo foram encontrados na literatura estudos desta natureza.
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Summary

This study was carried out to obtain more information about the physicochemical properties,
composition and antioxidant activity of pitanga fruits (Eugenia uniflora L.), particularly fruits
from Rio Grande do Sul, Brazil. Pitanga with different flesh colors (purple, red and orange)
from tree selections cultivated at Embrapa Clima Temperado (RS-Brazil) were analyzed.
Only slight differences were observed in the quality parameters and in the proximate and fatty
acid compositions among the fruits studied. The extracts from purple-fleshed pitanga had the
highest total phenolic and anthocyanin contents along with the highest antioxidant capacity.
Antioxidant capacity (DPPH and FRAP assays) of methanolic pitanga extracts was highly
correlated with the total phenolic content, but in ethanolic extracts, the anthocyanin content
was correlated only with the FRAP antioxidant capacity. Orange fleshed pitanga had higher -
cryptoxanthin and B-carotene levels than the red fruit, which had higher lycopene content.
The results indicate that the purple-fleshed pitanga, cultivated in Rio Grande do Sul, is a rich
source of phenolic compounds and has high antioxidant capacity. The red and orange-fleshed

pitanga, on the other hand, are rich sources of carotenoids.

Keywords: f-carotene; [-cryptoxanthin; lycopene, sugars; unsaturated fatty acids

Resumo

Este estudo foi realizado para obter mais informagdes sobre as propriedades fisico-quimicas,
composi¢ao e atividade antioxidante de frutos de pitanga (Eugenia uniflora L.), especialmente
os do Rio Grande do Sul (Brasil). Foram comparadas pitangas com diferente coloragdo de
polpa (roxa, vermelha e laranja) de sele¢des cultivadas na Embrapa Clima Temperado (RS-
Brasil). Foram observadas pequenas diferencgas nos parametros de qualidade e na composicao

centesimal e de acidos graxos entre as frutas com diferentes coloragdes de polpa. Os extratos
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de pitanga roxa apresentaram maiores conteudos totais de fenolicos e de antocianinas, bem
como, a maior capacidade antioxidante. A capacidade antioxidante (valores de DPPH e
FRAP) dos extratos metandlicos de pitanga apresentou alta correlagdo com o conteudo de
fenolicos totais, mas nos extratos etanolicos, o conteudo de antocianinas correlacionou-se
apenas com a capacidade antioxidante avaliada pelo método de FRAP. A pitanga de cor
laranja apresentou maiores teores de PB-criptoxantina e P-caroteno, enquanto que a de cor
vermelha continha alto teor de licopeno. Os resultados indicam que a pitanga de cor roxa,
cultivada no Rio Grande do Sul, ¢ uma fonte rica de compostos fendlicos e possui alta
capacidade antioxidante. As de cor vermelha e laranja, por outro lado, sdo fontes ricas de

carotenoides.

Palavras-chave: acucares, acidos graxos insaturados; [-criptoxantina; licopeno; [-

caroteno.

1. Introduction

It is widely known, from epidemiological studies, that the consumption of fruits and
vegetables imparts many health benefits, especially reduced risk of chronic diseases, such as
cancer, cardiovascular disease, and stroke (BLOCK et al., 1992; DILLARD & GERMAN,
2000; PRIOR & CAO, 2000; KAUR & KAPOOR, 2001). Fruits and vegetables contain
different antioxidant compounds, such as vitamin C, vitamin E and carotenoids. These
phytochemicals may protect the human body against reactive oxygen and nitrogen species
(DIPLOCK et al., 1998). Reactive oxygen species (ROS) are produced naturally in
mammalian systems as a result of oxidative metabolism. However, excessive ROS production

may damage cell membranes and DNA, causing cancerous mutations. Moreover, the
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oxidation of low-density lipoprotein is a major factor in the pathogenesis of heart disease
(RAHMAN & ADCOCK, 2006).

Vitamins and carotenoids are not the sole compounds that contribute to the antioxidant
activity of fruits and vegetables. Polyphenolic compounds, such as flavonoids also contribute
to the beneficial effects of this group of foods (BORS et al., 1990). Polyphenolic compounds
have shown antiallergenic, antiviral, antibacterial, antifungal, antitumor, and antihemorragic
activities (PIETTA, 2000).

Eugenia uniflora L. is a tree widely distributed in South American countries, mainly in
Brazil, Argentina, Uruguay and Paraguay (CONSOLINI & SARUBBIO, 2002). Its leaves are
used in popular medicine, as infusion in the treatment of fever, rheumatism, stomach diseases,
disorders of the digestive tract, hypertension, yellow fever and gout. It may also reduce
weight, blood pressure, and serve as a diuretic (ADEBAJO et al., 1989). Pitanga fruits, also
known as Brazilian cherry or Suriname cherry, contain various volatile compounds that are
also found in the essential oil of pitanga leaves (WEYERSTAHL et al., 1988; OLIVEIRA et
al., 2006). Like the leaves, pitanga fruits could also have health benefits. In the Brazilian food
industry, pitanga fruits have mostly been used to produce juice and frozen pulp. Pulp
production has high economic potential because the product has consumer appeal and high
concentrations of antioxidant compounds, such as anthocyanins, flavonols and carotenoids
(LIMA et al., 2002).

Carotenoids are known to have various biological functions, such as vitamin A activity
and prevention of cataract, age-related macular degeneration, cancer and cardiovascular
diseases (KRIS-ETHERTON et al., 2002; TAPIERO et al., 2004; KRINSKY & JOHNSON,
2005; STAHL & SIES, 2005). However, the carotenoid composition of pitanga fruits is
variable. Lycopene is the major carotenoid in pitanga fruits from the states of Sdo Paulo,

Pernambuco and Parana (Brazil), but other carotenoids were found in different proportions
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depending on the geographic origin of the fruits (CAVALCANTE & RODRIGUEZ-
AMAYA, 1992; AZEVEDO-MELEIRO & RODRIGUEZ-AMAYA, 2004; PORCU &
RODRIGUEZ-AMAYA, 2008). Climate was found to influence the carotenoid composition
of this fruit. The mean lycopene content of ripe pitanga fruits from Pernambuco (73 pg.g")
was slightly higher than that of Campinas, Sio Paulo (71 pg.g™"), which was much higher than
that of Medianeira, Parana (14 ug.g'l). For B-crytoxanthin and rubixanthin, the levels were
much higher in fruits from Pernambuco (47 and 23 pg.g”, respectively) than those from Séo
Paulo (12 and 9 pg.g”, respectively) and Parana (13 and 12 pg.g”, respectively). Besides
carotenoids, the environmental factors can influence other components of fruits like the
phenolics (ROBARDS & ANTOLOVICH, 1997; AHERNE & O’BRIEN, 2002). However,
these data are lacking for pitanga fruits and no data were found for pitanga from the Southern
region of Brazil.

Knowledge of the proximate composition and the contents of bioactive compounds in
different fruit varieties may be useful for genetic improvement programs to select those
varieties with higher nutritional value. Thus, the objective of this work was to evaluate the
physicochemical characteristics of pitanga fruits produced in the state of Rio Grande do Sul
and to determine the antioxidant capacity of flesh extracts. We compared pitanga fruits with
different flesh colors (purple, red and orange). These fruits were from tree selections
cultivated at Embrapa Clima Temperado (RS-Brazil) and are being studied to yield cultivars

adapted to the Southern region of Brazil.

2. Materials and methods

2.1. Samples
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Samples of purple, red and orange-fleshed breeding lines of pitanga fruits (Fugenia
uniflora L.), were harvested at Embrapa Clima Temperado (Rio Grande of Sul, Brazil) in the
years 2007 and 2008. Each sample was a mixture of completely ripe fruits from various plant
selections with the same flesh color. Three independent lots were collected, frozen at -18°C
and transported to the Federal University of Santa Maria. Fruits were thawed; the flesh (edible
portions) was manually separated from seeds and homogenized in a blender; samples were
immediately analyzed for the carotenoids composition or stored at -18°C until required for the

other assays.

2.2. Determination of quality parameters
The parameters of quality evaluated were pH, total soluble solids and acidity. These

parameters were evaluated according to AOAC (1995).

2.3 Determination of proximate composition

Except for fat, the analyses were carried out according to AOAC (1995). Moisture was
determined as the weight loss after 24 h at 60°C in a vacuum oven (method 925.09/17). Ash
content was determined at 550°C (method 923.03). Protein content (N x 6.25) was determined
by the microkjeldahl procedure (method 960.2). Fat was extracted using chloroform and
methanol as described by Bligh and Dyer (1959); the extract was used for the determination
of the fat content and fatty acid profile. To prevent lipid oxidation during and after extraction,

0.02% butyl hydroxyl toluene was added to the chloroform used.

2.4. Determination of fatty acid composition
Aliquots (2-3 mL) of the chloroform-lipid extract were evaporated at 50°C using a

vaccum pump. Fat was saponified and methylated with methanolic sulfuric acid solution as
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described by Hartman and Lago (1973). Methylated samples were analyzed using an Agilent
Technologies (HP 6890) gas chromatograph with flame ionization detector. The methylated
fatty acids were separated in a capillary column DB-23 (50% cyanopropyl-
methylpolysiloxane; 60 m x 0.25 mm x 0.25 pm; Agilent Technologies). The oven
temperature was held at 140°C for 5 min, increased to 240°C at a rate of 4°C min™ and held at
the latter temperature for 5 min. The injector port and detector temperature were adjusted at
250°C. Samples (1 nuL) were injected in a split mode (split ratio 1:50). Nitrogen was used as

carrier gas at a flow rate of 0.6 mL min™.

2.5. Determination of phenolic content

The extraction of phenolic compounds was performed using the method of Escarpa
and Gonzalez (2001) with some modifications as described by Pellegrini et al. (2007). This
method allows a quantitative extraction of the main polyphenolic classes: hydroxybenzoic
acids, hydroxycinnamic acids and flavonoids. The homogenized sample (4g) was extracted in
an ultrasonic bath at room temperature in the absence of light with an aqueous solution
consisting of 800 mL methanol and 50 mL formic acid per liter. The samples were
sequentially extracted with 6 mL of solvent for 1h, 6 mL for 30 min and 3 mL for 30 min.
After each extraction, the extracts were filtered under vacuum. The combined filtrate was
brought to a final volume of 25 mL with the solvent and stored at -18°C until required for
analysis.

Total phenolic content was determined using the method of Singleton and Rossi
(1965). An aliquot of 0.1 mL pulp extract was mixed with 2.5 mL 0.25 N Folin-Ciocalteu
reagent. After 5 min, 2 mL 1 N Na,CO; was added. The absorbance was determined at 740

nm after 1 h in the dark. Gallic acid was used as a standard for the calibration curve. The
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amount of total phenolic compounds was calculated and expressed as mg gallic acid. 100 g

sample.

2.6. Determination of anthocyanin content

The extraction of anthocyanins was performed as described by Lees and Francis
(1972). The pulp was homogenized in the extracting solvent containing 95% ethanol and 1.5
N HCI 85:15 v/v. The proportion sample/extracting solvent was 0.8 g mL™"'. The sample was
stored for 12 h at 4°C, filtered under vacuum and the residue was exhaustingly washed with
the extracting solvent for complete removal of pigments. The filtrates were collected in a
volumetric flask, brought to 50 mL with the extracting solvent, left to stand in the absence of

light for 2 h at room temperature, and absorbance was measured at 535 nm.

2.7. Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay

A solution of DPPH was used for the determination of the antioxidant activity of
extracts according to Brand-Williams et al. (1995). DPPH solution was previously diluted
until 1.10 £ 0.02 absorbance at 515 nm was obtained. The extract (0.05 mL) was mixed with
1.9 mL diluted methanolic DPPH solution. The antiradical power of the different extracts was
determined by measuring the decrease of DPPH absorbance after 24 hours in the dark against
a blank. Trolox was used as standard for the calibration curve and the results were expressed

as mmol trolox equivalents. 100 g sample.

2.8. Ferric-reducing antioxidant power (FRAP) assay
The method of Benzie and Strain (1996) was used for the FRAP assays. Ferric-2,4,6-
trypyridyl-s-triazine (TPTZ) solution was prepared by mixing 2.5 mL 10 mM TPTZ solution

in 40 mM HCI, 2.5 mL 20 mM FeCl;.6H,0 and 25 mL 0.3 M acetate buffer at pH 3.6. The
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sample (40 puL) was mixed with 1.2 mL of ferric-TPTZ reagent and incubated at 37°C during
15 min. The absorbance of the colored complex formed with Fe"? and TPTZ was taken at 593
nm. Trolox was used as standard for the calibration curve and the results were expressed as

mol trolox equivalents.100 g sample.

2.9. Carotenoid analysis

Carotenoid analyses were performed at the Carotenoid Laboratory of the University of
Campinas-UNICAMP. Carotenoids were extracted with cold acetone, partitioned to
petroleum ether:ethyl ether (2:1), saponified overnight with 10% KOH in methanol with 0.1%
butyl hydroxy toluene, washed with water and concentrated in a rotary evaporator
(RODRIGUEZ-AMAYA, 1999). Saponification was necessary to hydrolyze carotenoid
esters. HPLC-DAD analyses were carried out on a Waters separation module (model 2690)
equipped with a quaternary pump, a four-channel in-line vacuum degasser and an autosampler
injector, controlled by Millenium 2010 workstation. A monomeric C18 Spherisorb ODS 2, 3
pm, 4.6 i.d. x 150 mm, column was used for all samples. After drying the extract with
nitrogen gas, the carotenoids were dissolved in 2 mL acetone, filtered through a 0.22 um
PTFE syringe filter (Millipore) and 10 pL were injected. The mobile phase consisted of
acetonitrile (containing 0.05% triethylamine), methanol and ethyl acetate. A concave gradient
was employed, from 95:5:0 to 60:20:20 in 20 min, maintaining the last proportion until the
end of the run. Reequilibration took 15 min (time of set up) and the flow rate was 0.5 mL min
' For quantification, calibration curves were constructed for B-cryptoxanthin, p-carotene and
lycopene with five concentration levels, each in triplicate. Carotenoid quantification was
performed by comparison of peak area of the sample with that of the standard, injected daily.
The identification of carotenoids was performed according to Rodriguez-Amaya (1999), by

the combined use of chromatographic behavior, UV-visible spectra obtained with a
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photodiode array detector and co-chromatography with authentic carotenoid standards. The

results were expressed as ug.g” fresh sample.

2.10. Statistical analysis

All measurements were carried out in triplicate. Results were analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s test when appropriate. Carotenoid data
was analyzed by Student’s T test. Results were considered significant when p<0.05. Statistical

analyses were carried out using Statistica 6.0 (Copyright Sta Soft, Inc 1984-2001).

3. Results and discussion

The quality parameters of purple, red and orange-fleshed pitanga fruits are shown in
Table 1. Purple-fleshed pitanga had higher pH, total soluble solids and acidity than the red
and orange-fleshed fruits (p<0.05). Orange and red-fleshed pitanga had similar pH and total
soluble solids, but the red-fleshed fruit had higher acidity than orange-fleshed pitanga
(p<0.05). The pH of red-fleshed pitanga is close to that previously reported for commercial
frozen pulp of pitanga (2.89) (SALGADO et al., 1999). However, the total soluble solids
content obtained in the present work is higher than that found for frozen pulp (SALGADO et
al., 1999). The quality characteristics of the purple, red and orange pitanga fruits analyzed are
within the legal limits established for frozen fruit pulp in Brazil (BRASIL, 1999), indicating

that the maturation stage of the pitanga fruits evaluated was suitable for processing into frozen

pulp.
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Table 1. Quality parameters of purple, red and orange-fleshed pitanga (Eugenia uniflora L.)

Samples pH TSS (°Brix ) Acidity Yield (%)
(% citric acid)
Legal limits 25-34 >6.0 >0.92 -
Purple 3.38+ (.02 13.8 +0.2° 1.87 + 0.09° 74.4
Red 2.88 +0.06° 11.5+0.0° 1.67+0.01° 76.8
Orange 3.01£0.11° 11.8+0.2° 1.63 +0.02° 77.2

Results are means + standard deviations (n=3). Means with different letters within the same

column are statistically different (p< 0.05). TSS: total soluble solids.

Moisture content varied significantly among pitanga samples with different flesh
color: orange > red > purple (Table 2). Although the moisture of all samples was lower than
previously reported for pitanga (88%) (TACO, 2006) and for commercial frozen pitanga pulps
(90.5%) (SALGADO et al., 1999), it is still considered high. This characteristic is common
among fruits from the Myrtaceae family, which are classified as succulent
(GEMTCHUIJNICOV, 1976).

Purple-fleshed pitanga had the highest ash content followed by orange and red- fleshed
pitanga (p<0.05). Ash content of all samples was higher than previously reported for pitanga
(0.4%) (TACO, 2006), which demonstrates the good concentration of minerals in the samples
analyzed. No significant difference was observed in the protein, fat and carbohydrate
contents, which were higher than previously reported for pitanga (0.9, 0.2 and 10.2%,
respectively) (TACO, 2006). As observed for other fruits, these data show that carbohydrates
were the major contributors to the caloric value of pitanga with minor contribution from

protein and fat.



39

Table 2. Proximate composition (%) of purple, red and orange-fleshed pitanga (Eugenia

uniflora L.)

Samples Moisture Ash Protein Fat Carbohydrate*
Purple 81.2 +£0.0° 24+0.1° 1.2+0.5° 0.4+0.0° 14.8 +0.4°
Red 83.9+0.0° 1.1+£0.0° 1.4+0.0" 04+0.0° 13.2+0.0°
Orange 84.7+0.2" 1.7+£0.8 1.1+0.0° 0.5+0.0" 129+ 1.1°

Results are means + standard deviations (n=3). Means with different letters within the same

column are statistically different (p<0.05). *Calculated by difference.

The predominant fatty acids in all pitanga samples were palmitic (C16:0), followed by
oleic (C18:1n9c) and linoleic acids (C18:2n6) (Table 3). We found no study on the fatty acid
composition of pitanga or other fruits from the Myrtaceae family.

Pitanga fruits had a high proportion of unsaturated fatty acids (49-56%), being 20-25%
monounsaturated and 29-32% polyunsaturated fatty acids. No significant difference was
found in palmitic and linolenic (C18:3n3) acids among samples (Table 3). Oleic acid was
found at higher proportion in purple, followed by red and orange pitangas, while palmitoleic
acid (C16:1n7c) was higher in the orange and red fruits than in purple pitanga. Linoleic acid

was found at higher proportion in the purple and red fruits than in orange pitanga.
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Table 3: Fatty acid composition (% of total fatty acids) of purple, red and orange-fleshed

pitanga (Eugenia uniflora L.)

Fatty acids Purple Red Orange
C16:0 34.6 + 1.0° 33.4+0.2° 347+0.2°
Cl16:1n7¢c 2.740.1° 32+0.1° 3.0+0.1°
C18:1n9¢ 22.4+0.1° 21.1+0.2° 17.6 £0.2°
C18:2n6¢ 18.9+0.2° 18.8£0.4° 17.0+0.3°
C18:3n3 12.8 + 0.6 13.1+£0.2° 12.4+0.3°
NI 8.6+0.6 7.8+0.7 7.9+0.1

Results are means + standard deviations (n=3). Means with different letters within the same
row are statistically different (p<0.05). C12:0, C14:0, C14:1n5, C18:0, C18:1n9t, C18:2n6t
C20:1n9, C20:4n6, C20:5n3, C22:0, C22:5n3 and C22:6n3 were not detected. NI:

unidentified compounds.

The phenolic compounds influence the fruit quality, contributing both to their sensory
and health-promoting properties (SCALZO et al., 2005). The phenolic content and antioxidant
capacity of the extracts of the three fruits are shown in Table 4. The methanolic extract from
purple-fleshed pitanga had higher phenolic content than those of the red and orange-fleshed
fruits (p<0.05; Table 4), possibly due to the presence of anthocyanins. According to
REYNERSTON et al. (2008), who analyzed and quantified several antioxidants and anti-
inflammatory flavonols, phenolic acids and anthocyanins from 14 underutilized tropical
Myrtaceae fruits, the anthocyanins are the most abundant compounds among those quantified
and are responsible for the bright color of these fruits.

The phenolic content of purple fleshed pitanga was higher than previously reported for

purple (325 mg catechin.100 g™ f.w.) and red (257 mg catechin.100 g f.w.) mature pitanga
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from Pernambuco (LIMA et al., 2002) and for cambuci (Campomanesia phea Berg.), which
also belongs to the Myrtaceae family (246 mg gallic acid.100 g” f.w) (GENOVESE et al.,
2008). Although red and orange-fleshed pitanga had lower phenolic content when compared
to the purple samples, their content is higher than that of aracd (Psidium guineensis Sw.),
which is also a Myrtaceae fruit (129 mg gallic acid.100 g f.w.) (GENOVESE et al., 2008).
Moreover, the phenolic content of pitanga fruits was higher than that of mulberry, grape and
acai pulps (119, 117 and 137 mg gallic acid.100 g" f.w., respectively) (KUSKOSKI et al.,
2006).

DPPH and FRAP assays are indicated as simple and rapid methods for assessing the
antioxidant capacity of fruits and vegetables. The antioxidant capacity of pitanga fruits,
determined by the FRAP and DPPH assays, was expressed as equivalents of the standard
antioxidant trolox, which is a hydrosoluble analog of vitamin E. Both the ferric-reducing
power and the DPPH radical scavenging capacity were higher for the methanolic extracts
from purple fleshed color pitanga than for the red and orange fruits (p<0.05) (Table 4).
Several authors demonstrated a strong positive correlation between phenolic content and the
antioxidant capacity of fruits (VISON et al., 1998; KAUR & KAPPOR, 2001; ABIDILLE et
al., 2005; PINTO et al., 2007). We also found a highly positive correlation between the
content of phenolics and DPPH (r2 = 0.987; p<0.05) and FRAP (r2 = 0.983; p<0.05) values.
This suggests that the phenolics are the compounds mainly responsible for the antioxidant

capacity of the methanolic extracts from pitanga samples.



42

Table 4: Phenolic content and antioxidant capacity of methanolic extracts from purple, red

and orange-fleshed pitanga (Eugenia uniflora L.)

Samples Phenolic content DPPH FRAP

(mg gallic acid.100 g'l) (mmol trolox.100 g'1 ) (mol trolox.100 g'l)

Purple 463 + 167 3.1+0.7° 93+ 1.6°
Red 210 +3° 1.4+0.1° 42+0.9°
Orange 179 + 5° 1.4+0.0° 33+1.7°

Results are expressed as gallic acid or trolox equivalents per 100 g of fresh pulp used to
prepare the extract and are the means + standard deviations (n=3); DPPH: 1,1-diphenyl-2-
picrylhydrazyl; FRAP: ferric reducing antioxidant power. Different letters within the same

column indicate significant differences (p<0.05).

Among phenolic compounds, the anthocyanin content has been suggested as important
criterion for predicting a high antioxidant activity of fruits, since anthocyanin-rich samples
usually show the highest antioxidant capacity (HASSIMOTTO et al., 2005). Therefore, we
extracted anthocyanins from pitanga pulp using an ethanolic solution. Results of anthocyanin
content and antioxidant capacity of these extracts are shown in Table 5. As with the phenolic
content, the ethanolic extract from purple-fleshed pitanga had the highest anthocyanin content
followed by the extracts from red and orange samples (p<0.05). The anthocyanin contents of
purple and red fleshed pitanga are higher than those of frozen pulps of blackberry (Morus
nigra) (41.8 mg.100 g, grape (Vitis vinifera) (30.9 mg.100 g'), and acai fruit (Euterpe
oleracea) (22.8 mg.100 g), but lower than those of methanolic (578 mg.100 g) and
ethanolic extracts (596 mg.100 g") from baguacu (Eugenia umbelliflora Berg.) (KUSKOSKI

et al., 2006), which is from the same genus as pitanga.
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The DPPH radical scavenging capacity was not different among ethanolic extracts from
pitanga samples. However, the ferric-reducing power of the ethanolic extract from purple-
fleshed pitanga was higher than those of the other samples. Moreover, the anthocyanin
content had a positive correlation with FRAP values (r* =0.938; p<0.05), but no relationship
with DPPH values (data not shown). The antioxidant capacity (DPPH and FRAP values) of
anthocyanin extracts (Table 5) was (5 to 30 fold) higher than that of the phenolic extracts
(Table 4).

Two possible explanations can be given for the discrepancy noted above. First, the two
assays are based on different principles. While the FRAP assay measures the ferric reducing
capacity of antioxidants, the DPPH assay measures the ability of antioxidants to scavenge the
DPPH radical. Second, the conditions used to obtain the anthocyanin extract like the
successive washing until complete extraction of pigments or the polarity of the extracting
solution might have led to the extraction of more compounds with greater antioxidant
capacity. In agreement with this proposal, Beekwilder et al. (2005) found that anthocyanins,
ellagitanins and proanthocyanidins are the major compounds responsible for the antioxidant
capacity of raspberry samples.

The results demonstrated that pitanga is a rich source of anthocyanins when compared
with other fruits and that purple pitanga, in general, had the highest antioxidant capacity when

compared to the other fleshed color samples.
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Table 5. Total anthocyanin content and antioxidant capacity of ethanolic extracts from purple,

red and orange-fleshed pitanga (Eugenia uniflora L.)

Samples Anthocyanin content DPPH FRAP
(mg.lOOg'l) (mmol trolox.lOOg'1 ) (mol trolox. 100g'1)

Purple 136 + 6° 37 +2° 48 £2°

Red 69 +3° 41+0° 25+2°

Orange 25+1° 41£0° 24+2°

Results are expressed as anthocyanin content or trolox equivalents per 100g of fresh pulp used
to prepare the extract and are the means + standard deviations (n=3); DPPH: 1,1-diphenyl-2-
picrylhydrazyl; FRAP: ferric reducing antioxidant power. Different letters within the same

column indicate significant differences (p<0.05).

a-Carotene, B-carotene, f-cryptoxanthin, lycopene, lutein and zeaxanthin are the most
studied and are considered the most important carotenoids in terms of human health
(Rodriguez-Amaya, 1999). Among them, lycopene has remarkably high antioxidant
efficiency (DI MASCIO et al.,, 1989) and has been suggested to protect humans against
degenerative disorders (CLINTON, 1998). The carotenoids found in red and orange pitanga
samples in the present study were lycopene, B- cryptoxanthin and B-carotene (Table 6).
Rubixanthin was also detected, but as a minor carotenoid.

The lycopene contents of the red and orange samples analyzed in this work were much
higher than those of pitanga samples from S3o Paulo (71 pg.g") and Parana (14 pg.g™)
(PORCU & RODRIGUEZ-AMAYA, 2008). Moreover, the pitanga samples from Rio Grande
do Sul state had higher lycopene content than fruits considered as important sources of
lycopene such as watermelon (36 pg.g'l) (NIIZU & RODRIGUEZ-AMAYA, 2003), guava

(53 ng.g") (PADULA & RODRIGUEZ-AMAYA, 1986) and papaya (cv. Formosa, 26 pg.g”)
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(KIMURA et al., 1991). Orange-fleshed pitanga had higher B-carotene and B-cryptoxanthin
content than red pitanga (p<0.05). The B-carotene and B-cryptoxanthin contents of red pitanga

obtained in the present study are similar to those previously reported for red pitanga from Sao

Paulo and Parand (PORCU & RODRIGUEZ-AMAYA, 2008).

Table 6. Carotenoid composition (ug.g™) of red and orange-fleshed pitanga (Eugenia uniflora

L.)

Samples B- Cryptoxanthin Lycopene B- Carotene
Red 16+2 166 £ 7 29+0.8
Orange 34 £ 7% 151+ 30 5.1+0.8%

Results are the mean + standard deviation (n=3). *Different from red samples (Student’s T

test, p<0.05).

4. Conclusions

Only slight differences were observed in the quality parameters and in the proximate
and fatty acid compositions among fruits with different flesh color. Although the red-fleshed
pitanga had higher lycopene content, the orange-fleshed pitanga had higher B-cryptoxanthin
and f-carotene concentrations than the red fruit. The extracts from purple-fleshed pitanga had
the highest total phenolic and anthocyanin content along with the highest antioxidant capacity.
The antioxidant capacity determined by the DPPH and FRAP assays of the methanolic
pitanga extracts was highly correlated with the total phenolic content, but in ethanolic
extracts, the anthocyanin content was correlated only to FRAP antioxidant capacity. The
results showed that purple fleshed pitanga cultivated in the Rio Grande do Sul is a rich source

of phenolics while the orange and red-fleshed pitanga fruits are rich sources of carotenoids.
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Capacidade antioxidante e composicio de sementes de pitanga (Eugenia uniflora L.)
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ABSTRACT

Food industry generates a significant amount of seed wastes from the production of
juices, frozen pulps and jams. Considering that the characterization of wastes is the first step
to determine their potential use, the aim of the present study was to determine the composition
and the antioxidant capacity of seeds from pitanga fruits with different flesh colors (purple,
red and orange). The fruits were obtained from trees cultivated at Embrapa Clima Temperado
(RS, Brazil) and are being studied to yield cultivars adapted to the south region of Brazil.
Composition was determined according to AOAC and the antioxidant capacity was
determined by the DPPH and FRAP methods, and was correlated to the total phenolic content.
Results of chemical composition revealed that pitanga seeds are a good source of insoluble
dietary fiber, with low protein and fat levels, and no relevant differences were found among
seeds from pitanga of different colors. Pitanga seed extracts had powerful antioxidant capacity
that was partially correlated to their high phenolic content and showed some variation
according to the pitanga flesh colors. Accordingly, we suggest that this low value waste of
pitanga processing, could be used as a source of natural antioxidants and dietary fiber, for use
in animal and/or human nutrition.
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RESUMO

A industria de alimentos gera quantidades significativas de residuos de sementes a
partir da produgdo de sucos, polpas congeladas e geléias de frutas. Considerando que a
caracterizacdo dos residuos ¢ o primeiro passo para determinar o seu uso potencial, o objetivo
do presente estudo foi determinar a composicao e a capacidade antioxidante de sementes de
pitanga com diferentes coloracdes de polpa (roxa, vermelha e laranja). As frutas foram obtidas
de selecdes cultivadas na Embrapa Clima Temperado (RS, Brasil) e estdo sendo estudadas
para produzir cultivares adaptadas a regido Sul do Brasil. A composi¢do foi determinada de
acordo com a AOAC. A capacidade antioxidante foi avaliada pelos métodos do DPPH e
FRAP e esta foi correlacionada com o teor de compostos fendlicos totais. Os resultados da
composi¢do quimica revelaram que as sementes de pitanga sdo boas fontes de fibra alimentar
insolivel, com niveis baixos de proteina e gordura, e sem diferengas relevantes entre as
sementes de pitangas de diferentes coloracdes. Os extratos das sementes apresentaram uma
excelente capacidade antioxidante, que foi parcialmente correlacionada com o alto teor de
fenolicos e apresentou alguma varia¢do de acordo com a coloracdo da polpa das pitangas.
Assim, sugere-se que este residuo de baixo valor, resultante do processamento da pitanga,
poderia ser utilizado como fonte de antioxidantes naturais e de fibra alimentar, para a nutri¢do
humana e/ou animal.

Palavras-chave: difenil-2-picrilhidrazil, pitanga, residuos industriais.

INTRODUCTION

The Brazilian cherry or pitanga (Eugenia uniflora) is a member of the Mirtaceae
family. Mirtaceae is a pan-tropical family that occurs in South America, Southeast Asia, and
Australia. Many species of Myrtaceae, including pitanga, are cultivated in home gardens for

their edible fruit, and their leaves have been used in traditional medicine to treat several
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inflammatory conditions (REYNERSTON et al., 2008). In the Brazilian food industry,
pitanga fruits have mostly been used to produce juice and frozen pulp.

Worldwide several million tons of agri-food solid wastes are produced annually and
are likely to be discarded or used as low-value by-products (TALCOTT et al., 2003;
BERARDINI et al., 2005; ISCI & DEMIRER, 2007). Food industry generates a significant
amount of seed wastes from the production of juice nectars, concentrates, jams, jelly powders
and fruit bars. These wastes could be used as a source of ingredients for the food industry,
since many fruit seeds have high content of antioxidant phenolic compounds
(PURAVANKARA et al, 2000), dietary fiber (AL-FARSI & LI, 2008), oils (KOBORI &
JORGE, 2005) and other components. This practice would reduce the impact on the
environment, besides yielding value added ingredients (EMBRAPA INFORMACAO
TECNOLOGICA, 2003).

Fruit seeds have not generally received much attention as antioxidant sources,
however SOONG & BARLOW (2004) demonstrated a significantly higher phenolic content
and total antioxidant capacity in the seeds of fruits than in their edible portions. Antioxidants
from residual sources could be used as natural food additives to increase the stability of foods
by preventing lipid oxidation (MOURE et al., 2001). Besides its antioxidant capacity,
phenolic compounds, mainly phenolic acids and flavonoids, have been show to possess other
interesting health beneficial properties like anti-carcinogenic (BAILEY & WILIAMS, 1993),
antimicrobial (TAKECHI et al., 1985), anti-mutagenic (LIVERIO et al., 1994) and anti-
inflammatory activities (LANDOLFI et al.,, 1984), which could be exploited by the
pharmaceutical industry.

Besides phenolic compounds, some fruit seeds contain other nutritionally important
compounds that are usually underused. Blackcurrant or groselha (Ribes nigrum) seeds contain

an exceptionally high level of nutritionally desirable polyunsaturated y-linolenic acid
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(TRAITLER et al., 1984), while date seeds have a high content of dietary fiber (AL-FARSI &
LEE, 2008).

We found no data in the literature concerning to the composition or antioxidant
capacity of pitanga seeds. Considering that the characterization of wastes is the first step to
determine their potential use, the aim of the present study was to determine the composition
and the antioxidant capacity of seeds from pitanga fruits with different flesh colors (purple,
red and orange). These fruits were from trees cultivated at Embrapa Clima Temperado (RS,

Brazil) and are being studied to yield cultivars adapted to the Southern region of Brazil.

MATERIAL AND METHODS

Samples

The samples of purple, red and orange fleshed pitanga fruits (Eugenia uniflora L.),
were harvested at EMBRAPA Clima Temperado (Rio Grande of Sul, Brazil) in the year
2007. Each sample was a mixture of completely ripe fruits from various plant selections with
the same flesh color. Three independent lots were separated, frozen at -18°C and transported
to Federal University of Santa Maria. Fruits were thawed and flesh (edible portions) was
manually separated from seeds. Seeds were dried in conventional air-oven during 4 hours at
60°C and then ground using a Wiley grinder with a 2 mm hole screen and stored at -18°C until
analysis.

Composition

Moisture was determined as the weight loss at 105°C (method 925.10; AOAC, 1995).
Ash content was determined at 550°C (method 923.03) according to AOAC (1995). Protein
content (N x 6.25) was determined by the microkjeldahl procedure (method 960.2) of the
AOAC (1995). Total and insoluble dietary fiber were determined by the enzymatic-
gravimetric methods (985.29 and 991.42) from AOAC (1995). Fat was extracted using

chloroform and methanol as described by BLIGH & DYER (1959) and used for
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determination of the fat content and fatty acid profile. To prevent lipid oxidation during and
after extraction, 0.02% butyl hydroxyl toluene was added to the chloroform used. The
nitrogen free extract fraction (Nifext) was calculated by difference.

Fatty acid methyl esters (FAMES)

Aliquots (2-3 ml) of chloroform-lipid extract from BLIGH & DRYER (1959) were
evaporated at 50°C using a vaccum pump. Fat was saponified in methanolic sulfuric acid
solution as described by HARTMANN & LAGO (1973). Methylated samples were analyzed
using an Agilent Technologies gas chromatograph (HP 6880) fitted with a capillary column
DB-23 (60m x 0.25 mm x 0.25 pm, Agilent) and flame ionization detection. The temperature
of the injector port and the detector were set at 250°C, and the carrier gas was nitrogen (0.6
ml/min). After injection (1pl, split ratio 1:50), the oven temperature was hold at 140 °C for 5
min, increased to 240°C at a rate of 4 °C min ' and hold for 5 min.

Phenolic compounds

The extraction of phenolic compounds was performed using the method of
ESCARPA & GONZALEZ (2001) modified as follows. The homogenized samples (2g) were
extracted in an ultrasonic bath at room temperature in the absence of light with an aqueous
solution consisting of 800 mL methanol and 50 mL formic acid per liter. The samples were
sequentially extracted with 6 mL of solvent for 1h, 6 mL for 30 min and 3 mL for 30 min.
After each extraction, the extracts were filtered in qualitative filter paper under vacuum. The
combined filtrate was brought to a final volume of 25 mL with the solvent and stored at -18°C
until required for analysis.

Total phenolic content was determined using the method of SINGLETON & ROSSI
(1965). An aliquot of 0.1 mL pulp extract was mixed with 2.5 mL 0.25 N Folin-Ciocalteu.

After 5 minutes, 2 mL 1 N Na,CO; was added. The absorbance was determined at 740 nm
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after 1 h in the dark. Gallic acid was used as a standard for the calibration curve. The amount
of total phenolic compounds was calculated and expressed as mg gallic acid. 100 g sample.
Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay

A stable solution of DPPH was used for determination of total antioxidant activity of
extracts according to BRAND-WILLIAMS et al. (1995). DPPH solution was previously
diluted until 1.10£0.02 absorbance at 515 nm was obtained. The extract (0.05 mL) was mixed
with 1.9 mL diluted methanolic DPPH solution. The antiradical power of the different
extracts was determined by measuring the decrease of DPPH absorbance after 24 hours in the
dark against a blank. Trolox was used as standard for the calibration curve and the results
were expressed as mmol trolox equivalents. 100 g™ sample.
Ferric-reducing antioxidant power (FRAP) assay

The method of BENZIE & STRAIN (1996) was used for FRAP assays. Ferric-2,4,6-
trypyridyl-s-triazine (TPTZ) solution was prepared by mixing 2.5 ml 10 mM TPTZ solution
in 40 mM HCI, 2.5 ml 20mM FeCl;.6H,0 and 25 ml of 0.3 M acetate buffer at pH 3.6. The
sample (40 pL) was mixed with 1.2 ml of ferric-TPTZ reagent and incubated at 37°C during
15 min. The absorbance of the colored complex formed with Fe™> and TPTZ was taken at 593
nm. Trolox was used as standard for the calibration curve and the results were expressed as
mol trolox equivalents. 100 g'1 sample.
Statistical analysis

The experiment was conducted at a completely randomized design with three groups
(colors of pitanga flesh) and three repetitions per group. All measurements were made in
triplicate. Results were analyzed by one-way analysis of variance (ANOVA). Post hoc
comparisons were made using Tukey’s test (p<0.05). The relationship between phenolic
content and antioxidant capacity was evaluated by Pearson’s correlation. Statistical analyses

were carried out using Statistica 6.0 (Copyright Sta Soft, Inc 1984-2001).
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RESULTS AND DISCUSSION

Chemical composition of the seeds from purple, red and orange fleshed pitanga were
similar (table 1). No significant difference was observed in the moisture, ash, protein, total
carbohydrate, total and insoluble dietary fiber or Nifext fraction among samples. However,
the fat content of seeds from purple fleshed pitanga were lower than that of the other samples
(p<0.05). Moisture content of seeds is similar to that of seed wastes of orange and guava (55.4
and 43.3%, respectively), but much lower than that of passion fruit (80.9%; KOBORI &
JORGE, 2005). Carbohydrate was the major nutrient found in pitanga seeds. This fraction was
found to be composed mainly by insoluble dietary fiber, with a lower amount of digestible
carbohydrates (Nifext fraction). Dietary fiber has important therapeutic implications for
certain conditions such as diabetes, cardiovascular diseases and intestinal disorders in humans
(SUTER, 2005). The insoluble fraction facilitates gastrointestinal transit and reduces
constipation (SUTER, 2005). Besides, complex carbohydrates, like those found in the dietary
fiber fraction, are also very important in the nutrition of ruminants (FOX et al., 1992).
Therefore, the insoluble dietary fiber of pitanga of seeds could be evaluated for use in human
and/or animal nutrition.

Table 2 presents the fatty acid composition of pitanga seeds. Pitanga seeds had a high
proportion of unsaturated fatty acids (60-70%) being 13-16% monounsaturated fatty acids
(MUFA) and 45-47% polyunsaturated fatty acids (PUFAS). PUFAS, especially the n-3 fatty
acids, are considered desirable compounds in the human diet because of their effect in
reducing the incidence of cardiovascular disease (LEAF & WEBER, 1988). Pitanga seeds had
MUFA proportion similar to that of black currant seed residue (HELBIG et al., 2008).

In seeds from purple and red pitanga the predominant unsaturated fatty acid was

linoleic acid (C18:2n6c¢), followed by oleic acid (C18:1n9c), while seeds from orange pitanga
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had a-linolenic acid (C18:3n3) as the second most abundant unsaturated fatty acid. Yi et al.
(2008) also found linoleic acid as the predominant fatty acid in berry seeds press residues.
Palmitoleic acid was found only in seeds from purple and red pitanga. Seeds from purple and
red pitanga had higher linoleic acid and lower a-linolenic acid content than seeds from orange
pitanga (p<0.05). Seeds from red pitanga had higher oleic acid (C18:1n9c) followed by seeds
from orange and purple pitanga (p<0.05).

The only saturated fatty acid found was palmitic acid, which was found in higher
proportion in seeds from orange pitanga when compared to the other samples (p<0.05).
Tomato seeds also had high content of palmitic acid, but followed by stearic acid
(CANTARELI et al., 1993), which was not found in pitanga seeds.

Seeds from orange pitanga had higher phenolic content than seeds from purple and red
pitanga (table 3, p<0.05). Total phenolic content of pitanga seeds is very similar to that found
for jackfruit seed (Artocarpus heterophyyllus Lam.) (SOONG & BARLOW, 2004) and about
5-10-times higher than that of grape pomace powder from winemaking industry (YT et al,,
2008) and that of the edible portion of various fruits (VINSON et al., 2001). Hence, pitanga
seeds can be considered good sources of phenolics.

The antioxidant capacity of pitanga seeds was expressed as equivalents of trolox,
which is a hydrosoluble analog of vitamin E. Seeds from orange pitanga had higher
antioxidant capacity in the DPPH assay than seeds from purple pitanga (p<0.05), while seeds
from red pitanga had intermediate values (table 3). In contrast, in the FRAP assay seeds from
purple pitanga had higher antioxidant capacity than all the other samples (p<0.05; table 3).
According to these results pitanga seeds can be considered powerfull antioxidants, since their
antioxidant activity was about two-times higher than that presented by the pulp of various
tropical fruits including grape, acai (Euterpe oleracea) and baguacu (Eugenia umbelliflora

Berg) (KUSKOSKI et al., 2006). Generally, a positive relationship between total phenolics
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and antioxidant activity has been reported previously (ALONSO et al., 2002). In the present
study the phenolic content had a positive correlation with antioxidant capacity measured by
the DPPH assay (* = 0.72, p<0.05), indicating that phenolic compounds are responsible for
the scavenging of DPPH radical. However, the antioxidant capacity assessed by the FRAP
method had no significant correlation with total phenolic content, suggesting that compounds
that are not evaluated in the total phenolic assay may be more important to the FRAP
antioxidant capacity. Alternatively, seeds from purple fleshed pitanga could be enriched in
some specific polyphenol with higher FRAP antioxidant capacity than those found in the
other seeds. The discrepancy between results of DPPH and FRAP assay may be related to the
different mechanisms involved in each evaluation. In the FRAP assay the antioxidant capacity
is measured as the ability to reduce 2,4,6-trypyridyl-s-triazine-Fe(Ill) complex to 2,4,6-
trypyridyl-s-triazine-Fe(Il) complex (BENZIE & STRAIN, 1996), while the DPPH assay
involves a fast electron transfer process from phenolic compounds to the DPPH radical
(BRAND-WILLIAMS et al., 1995; MARTINS et al., 2008). In a recent study MARTINS et
al. (2008) showed that results of DPPH were more correlated with the antioxidant capacity of
compounds in situ, than the FRAP assay.

Flavonoids are considered the most powerful antioxidants among the polyphenol
compounds (SHAHID et al.,, 1992 & SOOBRATTEE et al., 2005). LU & FOO (2002)
showed the presence of an array of polyphenols in blackcurrant seeds, such as anthocyanins,
consisting of the rutinosides and glucosides of delphinidin, cyanidin, myricetin, quercetin,
kaempferol-3-glucoside, dihydroquercetin and aureusidin, as well as the phenolic acids 1-
cinnamoyl- and 1-p-coumaroyl-b-D-glucosides. Thus, it is possible that flavonoid compounds
could be the major responsible for the antioxidant capacity of pitanga seeds. However, more

studies are needed to identify the phenolic profile of pitanga seeds.
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CONCLUSIONS

Pitanga seeds had powerfull antioxidant capacity that was partially correlated to their
high phenolic content and showed some variation according to the pitanga flesh colors.
Accordingly, we suggest that this low value waste of pitanga processing, could be used as a
source of natural antioxidants. No relevant differences were found in the composition among
seeds from pitanga of different colors. Results revealed that pitanga seeds are a good source
insoluble dietary fiber, which could be explored for use in animal and/or human nutrition.
However, more studies are necessary to determine if some antinutritional factor like

cyanogenic glycosides could be a limit for this application.
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Tabela 2: Fatty acid compositon (% of total fatty acids) of seeds from purple, red and orange

pitanga

Fatty acids Purple Red Orange

C16:0 29.8+0.6" 30.3+1.7° 34.2+0.0°
Cl16:1n7c 1.4+ 0.0° 1.5+0.1° ND

C18:1n9c 12.5+0.5° 15.0£0.3° 13.7+0.1°
C18:2n6¢ 38.3£0.9° 36.0£2.0° 28.6+0.0"
C18:3n3 8.7+0.4° 9.2+0.7° 18.3£0.0°

NI 9.3+0.3 8.0+2.2 5.3+0.0

Results are mean + standard deviation (n=3). Means that have no common letters within the
same row are statistically different (p<0.05). C12:0, C14:0, C14:1n5, C18:0, C18:1n9t,
C18:2n6t C20:1n9, C20:4n6, C20:5n3, C22:0, C22:5n3 and C22:6n3 were not detected. NI:

Non-identified compounds
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Table 3: Antioxidant activity and phenolic content of extracts from purple, red and orange

pitanga
Samples Phenolic content Antioxidant capacity
(g galic acid.100g™) DPPH FRAP
(mmol trolox.100g ")  (mol trolox.100g™)
Purple 2.5+0.2° 14.6£0.6° 369.0+34.1°
Red 2.6£0.0° 16.741.3 89.3+11.7°
Orange 2.8+0.2° 17.4+1.4° 93.3+6.7"

Results are mean + standard deviation (n=3) and are expressed per 100 g of dried seed used to
prepare the extract. DPPH: 1,1-diphenyl-2-picrylhydrazyil; FRAP: ferric reducing antioxidant

power. Means that have no common letter within the same column are different (p<0.05).
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4. DISCUSSAO

Visando avaliar as caracteristicas fisico-quimicas dos frutos de pitanga cultivados no
Rio Grande do Sul e determinar a capacidade antioxidante dos extratos das porcdes
comestiveis de pitanga (Eugenia uniflora L.) roxa, vermelha e laranja, foram avaliados
parametros de qualidade, composicdo centesimal, perfil lipidico, teor de fendlicos e de
antocianinas dos extratos, capacidade antioxidante por FRAP e DPPH e perfil de carotenoides
da polpa vermelha e laranja (Manuscrito 1).

Em relagdo aos parametros de qualidade ou norma da produgdo de polpa de pitanga
congelada, as trés coloragdes de pitanga ficaram dentro dos limites preconizados pela
Legislacao Brasileira. Os parametros de qualidade indicaram que o estigio de maturacdo da
pitanga ¢é considerado adequado para o processamento, no caso, a produgdo de polpa
congelada. A acidez da pitanga possivelmente seja devido primordialmente aos acidos
organicos que estdo relacionados com a composicdo do flavor caracteristico da fruta, assim
como outros compostos, pois esta apresenta sabor ¢ aroma acido adocicado.

Em relacdo as caracteristicas fisico-quimicas, as diferentes coloragdes de pitanga
apresentaram valores de proteina, lipidios e carboidratos mais elevados que o previamente
relatado na literatura para pitanga (0,9; 0,2 e 10,2%, respectivamente; TACO, 1996),
indicando ser uma boa fonte de carboidratos, onde possivelmente a maioria destes, seja
constituida de acticares, os quais conferem o sabor agradavel da fruta e dos produtos dela
derivados, como o0s sucos, caracteristica importante para o consumo destes. Logo,
observamos também que os carboidratos sdo os principais contribuintes para o valor calérico
da pitanga, com menor contribuicdo da proteina e dos lipidios. A proporcao lipidica de frutas,
em geral, ¢ muito baixa, da ordem de 0,1-0,5% do peso fresco (BELITZ; GROSH, 1988),
sendo que as pitangas analisadas encontram-se dentro desta faixa.

No que se refere ao perfil de 4cidos graxos, o 4cido graxo predominante em todas as
coloragdes de pitanga foi o palmitico (C16:0), seguido pelo oléico (C18:1n9¢c) e acido
linoléico (C18:2n6). Nao foram encontrados estudos prévios avaliando a composicdo de
acidos graxos da pitanga ou de outras frutas da familia das mirtaceas. Contudo, os acidos
graxos que predominaram nas pitangas foram os mesmos encontrados em frutas como maca,
abacate ¢ banana (BELITZ; GROSH, 1988).

As frutas apresentaram cerca de 29-32% de acidos graxos poliinsaturados do total de
acidos graxos pesquisados, aos quais vém sendo atribuidos beneficios a satide. As frutas

apresentaram em torno de 20-25% de acidos graxos monoinsaturados do total de acidos
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graxos pesquisados. Contudo, deve-se levar em consideracdo que o teor de lipidios
encontrado nas frutas é pequeno, cerca de 0,4%, logo as pitangas ndo podem ser consideradas
como excelentes fontes de acidos graxos insaturados, apesar de apresentarem uma boa
proporcao destes em sua composicdo. Salienta-se que o consumo na forma de produtos
processados, por apresentarem-se em maiores quantidades, poderia efetivamente trazer os
beneficios a satde dos acidos graxos encontrados na pitanga.

A extracdo de compostos fendlicos, relatada na literatura, em sua maioria é realizada
com metanol, porém o uso de etanol seria mais vantajoso do ponto de vista da utilizacdo deste
extrato na alimentagdo humana, devido a toxicidade do metanol. Entretanto, a utilizagdo da
secagem e ressuspensdo do extrato em outros solvente também pode ser executada. Em
relacdo ao teor de compostos fendlicos dos extratos metanolicos, a pitanga de coloragdo roxa
obteve maiores valores de compostos fenodlicos que as demais coloragdes, possivelmente
devido a presenca de antocianinas. As pitangas de coloragdo vermelha e laranja, embora com
teor de compostos fenoélicos menor que o da roxa apresentaram teores de compostos maiores
que do araca (Psidium guineensis Sw.) (GENOVESE et al., 2007). Isto indica que as pitangas
analisadas sdo boas fontes de fenolicos, em especial a de coloragdo roxa. Os extratos
metandlicos de pitangas roxas também apresentaram os maiores valores para capacidade
antioxidante através dos ensaios de DPPH e FRAP. Nestes, os extratos apresentaram alta
correlacdo positiva com o teor de fenolicos. Logo, percebemos que os compostos fenolicos
sdo responsaveis pela capacidade antioxidante das pitangas analisadas. Contudo, as
antocianinas também sdo compostos fenolicos ¢ podem também estar contribuindo com a
atividade antioxidante das amostras.

Assim como observado para o teor de fendlicos, os extratos etanolicos de pitangas de
coloracdo roxa tiveram maiores teores de antocianinas que as outras amostras (p<0,05). Os
resultados demonstram que a pitanga ¢ uma rica fonte de antocianinas quando comparada com
outras frutas e a pitanga de polpa roxa, em geral, apresenta a maior capacidade antioxidante
quando comparada com amostras de outras coloragdes. Além disso, o método FRAP
apresentou alta correlagao positiva com o teor de antocianinas, demonstrando, a contribui¢ao
destes compostos para a capacidade antioxidante. A capacidade antioxidante pode ou ndo ter
correlagdo com o teor de antocianinas, dependendo do ensaio utilizado. A capacidade
antioxidante (valor de DPPH e¢ de FRAP) dos extratos etanolicos foi muito maior (5 a 30
vezes mais) que a dos extratos metanolicos. Tal fato pode estar relacionado aos métodos de
extracdo utilizados, ja que na extragdo etandlica lava-se o residuo exaustivamente com

solugdo extratora até remogdo completa do pigmento e na extracdo metanolica utiliza-se de
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trés extracdes sucessivas em banho de ultra-som, porém a extragdo nao ¢ exaustiva. Além
disso, a polaridade diferenciada dos solventes faz com que os compostos extraidos sejam
diferentes, consequentemente alterando a capacidade antioxidante dos extratos. A diferencga
de composicdo entre os dois tipos de extratos era visivel inclusive pela diferenca de coloracao
destes: mais clara para o extrato metandlico e mais avermelhada para o extrato etandlico
(dados nao mostrados).

Os carotenoides nas amostras de pitanga vermelha e laranja no presente estudo foram
licopeno, B-criptoxantina and B-caroteno. O teor de licopeno das amostras analisadas foi
maior que o de pitanga proveniente do Estado de Sao Paulo (71.1 ug/g) e do Parana (14 ug/g)
(PORCU, 2004). Além disso, as amostras de pitanga tiveram um contetido maior de licopeno
que frutas consideradas fontes importantes como a melancia (36 pg/g) (NIIZU &
RODRIGUEZ-AMAYA, 2003), a goiaba (53 pg/g) (PADULA & RODRIGUEZ-AMAYA,
1986) e o mamao (cv. Formosa, 26 pg/g) (KIMURA et al., 1991). Logo, as amostras de
pitanga se apresentam como ricas fontes de licopeno, um composto que também possui agdo
antioxidante, assim como os fenolicos.

Os teores de - caroteno e B- criptoxantina foram mais altos na pitanga de coloragdo
laranja do que na vermelha, com diferencas significativas. Além disso, os carotendides deste
estudo tiveram, em geral, teores maiores que os de pitangas provenientes de Sdo Paulo e
Parana (PORCU, 2004). Estes resultados demonstram a influéncia de fatores geograficos nos
teores de carotenoides.

A composicao fisico-quimica e a capacidade antioxidante das sementes da pitanga
(roxa, vermelha e laranja) foram realizadas, considerando que a caracterizacdo destas ¢ o
primeiro passo para determinar o seu uso potencial (Manuscrito 2) e que ndo existiam estudos
prévios neste sentido. Nao houveram diferencas significativas em relacdo ao teor de umidade,
cinzas, proteina, fibra total, insoluvel e da fracdo Nifext entre as amostras. O teor de lipidios
de sementes de pitangas de colorag@o roxa foi menor que nas demais amostras (p<0,05) e em
geral todas as amostras apresentaram um conteudo de lipidios que pode ser considerado
baixo. A fibra alimentar, em sua maioria, a insoluvel, foi um componente encontrado em boa
propor¢do na semente de pitanga. Sendo que esta fracdo de fibra estd relacionada a agdes
fisiologicas como o aumento da velocidade do transito intestinal e consequentemente a com a
redugdo da constipagao (SUTER, 2005) podendo ser desta forma direcionada para produtos
alimenticios, observando a presencga ou ndo de fatores antinutricionais desta semente.

As sementes de pitanga apresentaram uma alta propor¢ao de acidos graxos insaturados

(60-70%), sendo 13-16% de &cidos graxos monoinsaturados e 45-47% de éacidos graxos
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poliinsaturados. O 4cido linoléico (C18:2n6c) foi o preponderante nas sementes de pitanga, da
mesma forma que o encontrado por Yi et al (2008) em sementes de “berries”, sendo que as
sementes de pitanga roxa e vermelha tiveram maiores teores deste acido graxo que a laranja
(p<0,05), porém menores de linolénico (C18:3n3). O 4cido palmitoléico foi encontrado
somente nas sementes de pitangas de coloragdo roxa e vermelha. O uUnico acido graxo
saturado encontrado foi o 4cido palmitico, que foi encontrado em alta propor¢do em sementes
de pitanga laranja quando comparado a outras amostras (p<0,05). As sementes de tomate
também tiveram altos teores de acido palmitico, mas seguido do acido estearico
(CANTARELI et al, 1993), que nao foi encontrado nas sementes de pitanga.

As sementes de pitanga laranja tiveram maiores teores de fenolicos que as de pitangas
roxa e vermelha. O teor de fendlicos foi muito similar ao encontrado para sementes de jaca
(Artocarpus heterophyyllus Lam.) (SOONG; BARLOW, 2004) e cerca de 5-10 vezes maior
que para po do residuo do processamento do vinho (Y1 et al., 2008) e que a porcao comestivel
de varias frutas (VINSON et al, 2001). Com isso, as sementes de pitanga podem ser
consideradas boas fontes de compostos fenolicos.

As sementes de pitanga laranja obtiveram maior capacidade antioxidante no método
DPPH que as sementes de pitangas de coloragdo roxa (p<0.05), enquanto que as sementes de
pitangas vermelhas obtiveram valores intermediarios. Em contraste, no método FRAP as
sementes de pitangas de coloracdo roxa tiveram maior capacidade antioxidante do que todas
as outras amostras (p<0,05). De acordo com os resultados as sementes de pitanga podem ser
consideradas excelentes antioxidantes, pois sua capacidade antioxidante foi cerca de duas
vezes maior que a apresentada pela polpa de varias frutas tropicais e 4 a 40 vezes maior que a
apresentada pela polpa de pitanga (manuscrito 1). A por¢ao comestivel possui rendimento de
65-80% (SANTOS et al, 2002) logo o restante seria composto pela semente ou residuo do
processamento. No manuscrito 1 demonstramos que a por¢do comestivel das amostras
analisadas ficou em torno de 75%. Nao foram encontrados dados referentes ao volume de
produgdo brasileira de pitanga. No entanto, no Estado de Pernambuco, estima-se que sdo
produzidos em torno de 1300-1700 toneladas por ano de pitanga (SILVA, 2006). Dessa
forma, haveria uma grande propor¢do de semente gerada anualmente, a qual poderia ser
destinada a producdo de extrato antioxidante. Os custos envolvidos na producao deste estdo
relacionados a secagem da semente em estufas, utilizacdo de solventes extratores como
metanol ou etanol, disponibilidade de banho de ultra-som, bomba a vacuo e evaporador
rotatorio (caso seja utilizado em pd). Necessita-se de analises mais aprofundadas para

verificar se os extratos produzidos em grandes quantidades compensariam os custos, porém ao
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que tudo indica se trata de uma extracdo simples que ndo demanda significativos custos € a
quantidade de residuos obtidos ¢ alta.

Ainda ndo existem estudos sobre o perfil de polifenois da semente da pitanga, porém
sugere-se que os flavonoides possam ser os compostos responsaveis pela capacidade
antioxidante desta, pois alguns autores relataram que os flavonodides sdo considerados
excelentes antioxidantes (SHAHID et al., 1992; SOOBRATTEE et al., 2005).

A partir dos resultados podemos propor que as porgdes comestiveis da pitanga
poderiam ser usadas para elaboragdo de polpas congeladas de sucos, pds para sorvetes, sucos
naturais, entre outros produtos, pois demonstraram ser uma rica fonte de compostos
fitoquimicos, além dos nutrientes normalmente presentes em outras frutas. As sementes, por
sua vez, poderiam ser usadas para extragdo de compostos antioxidantes. O residuo dessa
extracdo, rico em fibra alimentar, poderia ser investigado para uso na nutrigdo humana e ou

animal.
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5. CONCLUSOES

As diferentes coloracdes de pitanga provenientes da Embrapa Clima Temperado
apresentaram-se dentro dos limites preconizados na Legislacdo Brasileira como norma
para producdo de polpa congelada de pitanga, indicando estddio de maturagao
adequado para o processamento, apresentando carboidratos como nutriente principal,
possivelmente agucares, os quais contribuem com seu aroma e sabor caracteristico,
demonstrando assim aptiddo para consumo como polpa congelada.

A pitanga de coloragdo roxa obteve maiores teores de compostos fenolicos,
antocianinas, bem como maior capacidade antioxidante que as demais coloracdes de
frutas, demonstrando uma excelente qualidade, devido aos varios beneficios a satide
atribuidos a estes compostos, em especial a capacidade antioxidante. Os extratos
etanolicos sdo os mais indicados para obter maior capacidade antioxidante.

Os resultados revelaram que as sementes sdo boas fontes de fibra alimentar, que
poderia ser destinada para nutri¢do humana ou animal.

As sementes de pitanga apresentaram excelente capacidade antioxidante, que foi
parcialmente correlacionada com seu alto teor de fendlicos. Com isso, sugere-se que
este residuo do processamento da pitanga seja utilizado como fonte de antioxidantes
naturais, tendo em vista sua atividade e a reducdo do impacto ambiental causado pela

deposi¢ao de residuos.
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7. APENDICES

Apéndice 1. Pitangas utilizadas no experimento: roxa (acima), laranja (a esquerda) e

vermelha (a direita):
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Apéndice 2.Sementes de pitanga utilizadas: roxa (acima), laranja (a esquerda) e vermelha (a

direita).




