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RESUMO GERAL

Nas Ultimas décadas, varios estudos epidemioldgicos tém demostrado
uma relacédo direta entre uma dieta rica em frutas e hortalicas, com a reducéo de
incidéncia de doencas cronicas degenerativas, tais como certos tipos de cancer,
doencas cardiovasculares, entre outras. O cerrado brasileiro é rico em espécies
frutiferas exéticas com atributos sensoriais peculiares e um apelo funcional, mas
0 seu potencial ndo tem sido explorado. No presente trabalho objetivou-se
avaliar o impacto do processamento, tipo de embalagem e o tempo de
armazenamento sobre a qualidade de geleia de mangaba. As analises
microbioldgicas, fisico-quimicas, perfil de textura, propriedades reoldgicas,
atributos sensoriais, fenolicos totais, vitamina C, capacidade antioxidante, perfil
de compostos fendlicos e perfil de volateis foram feitas na polpa (tempo 0) e na
geleia durante 12 meses. Foi usado o delineamento inteiramente casualizado no
esquema fatorial 2 x 5, sendo dois niveis do fator embalagem (transparente e
ambar) e cinco tempos (0, 3, 6, 9 e 12 meses) de armazenamento, com guatro
repeticdes. Os resultados mostraram que o processamento da polpa de mangaba
afetou significativamente (p<0,05) todas as variaveis analisadas, com uma
reducdo geral da maioria das caracteristicas fisico-quimicas, compostos
bioativos, capacidade antioxidante e um aumento de compostos volateis,
principalmente os alcoois. Entre os dois fatores, apenas o tempo de
armazenamento influenciou significativamente (p<0,05) a qualidade da geleia,
também com uma reducéo geral de todos os parametros avaliados, exceto cinzas,
fibra alimentar, elasticidade, cor e aroma. Em relacéo ao perfil de fendlicos, os
resultados permitiram identificar 10 compostos agrupados em flavonoides e ndo
flavonoides, sendo quercetina e catequina 0s compostos majoritarios. Quanto ao
perfil de volateis, foram identificados na polpa de mangaba, 32 compostos,
sendo o0s ésteres 0s compostos majoritarios. Apesar das alteragdes observadas
ap6s o processamento e durante 0 armazenamento, os resultados obtidos no
presente estudo, sugerem que a geleia de mangaba apresentou qualidade
aceitavel e que pode ser armazenada durante 12 meses e ser consumida sem
nenhum risco de seguranca.

Palavras-chave: Frutas do cerrado. Processamento. Geleia. Estocagem.
Qualidade.



GENERAL ABSTRACT

In the last decades, numerous epidemiological studies have shown a
direct relationship between a diet rich in fruits and vegetables and low incidence
of chronic degenerative diseases such as certain types of cancer, cardiovascular
diseases, and others. The Brazilian cerrado is rich in exotic fruit species with
peculiar sensory attributes and good source of bioactive compounds. The aim of
this work was to evaluate the impact of processing, packaging material and
storage time on the mangaba jam quality. Microbiological, physicochemical,
texture profile analysis, rheological properties, sensorial attributes, total phenolic
compounds, vitamin C, antioxidant capacity, phenolic and volatile compounds
profile analysis were carried out on mangaba fruit pulp (time 0), and on
mangaba jam during 12 months of storage time. A simple completely
randomized (CRD) factorial design with two factors including packaging
material type (amber and clear glass jars) and storage time (0, 3, 6, 9, and 12
months) was used. The results showed that processing mangaba fruit pulp into
jam affected significantly (p<0.05) all the variables, with general reduction of
many physicochemical characteristics, bioactive compounds, antioxidant
capacity, and an increase in volatile compounds, mainly alcohols. Among the
two factors studied, only storage time influenced significantly (p<0.05) on the
mangaba jam quality, with also reduction of all the parameters analyzed, except
ash, total dietary fiber, springiness, color and flavor. With respect to phenolic
profile, the results allowed to identify 10 compounds including flavonoids and
non-flavonoids, and quercetin and catechin were the predominant compounds.
The volatile profile analysis identified 32 compounds, and the esters were found
to be the major compounds. Although the alterations observed after processing
and during storage time, the results obtained in the present study, suggest that
mangaba jam presented good quality and it can be stored for up to 12 months
and still consumed safely.

Keywords: Cerrado fruits. Processing. Jam. Storage. Quality.
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PRIMEIRA PARTE

1 INTRODUCAO

Os novos habitos alimentares associados ao novo estilo de vida dos
consumidores contemporaneos concorrem para 0 aumento de uma série de
fatores de riscos que podem levar a incidéncia das chamadas doencas crénicas
ndo transmissiveis (DCNT), que estdo entre as principais causas de mortalidade
no mundo.

Entre esses fatores de risco aponta-se 0 consumo de dietas néo
equilibradas caracterizadas pela baixa ingestdo de frutas e hortalicas, consumo
de produtos ricos em gorduras saturadas, além da dindmica da rotina diaria, vida
sedentaria, alcoolismo e tabagismo.

Como consequéncia disso, aumenta o estresse oxidativo causado pela
producdo excessiva de espécies reativas de oxigénio que desempenham papel
importante na incidéncia de muitas doengas cronicas ndo transmissiveis tais
como, certos tipos de céncer, diabetes, hipertensdo, doencas cardiovasculares,
osteoporose e obesidade.

Nos altimos anos, diversos estudos epidemioldgicos tém demonstrado
gue uma dieta rica em frutas e hortalicas reduz a incidéncia de doencas crénicas
ndo transmissiveis. O interesse crescente por frutas e hortalicas tem sido
atribuido a presenca de certas substancias bioativas, como &cido ascorbico,
compostos fenolicos, carotenoides e minerais, como célcio, selénio e zinco,
relacionadas a beneficios de salde.

O Brasil apresenta uma ampla diversidade de espécies frutiferas
exoticas com grande potencial a ser explorado, o que pode permitir atender ao

crescimento da demanda interna e externa por frutas e hortalicas.
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Os frutos nativos do cerrado brasileiro se destacam por possuirem alto
valor nutricional e funcional e, apresentam atributos sensoriais peculiares que 0s
tornam entre 0s mais saborosos do mundo. Entre as espécies frutiferas do
cerrado brasileiro, a mangabeira, Hancornia speciosa Gomes, se destaca
principalmente pelo fato do seu fruto, a mangaba, possuir sabor e aroma exotico
comum no bioma cerrado e por apresentar um elevado valor nutricional e apelo
funcional.

A mangaba é uma baga elipsoide ou esférica, de cor amarela ou
esverdeada, com ou sem pigmentacdo vermelha, polpa branca, suculenta,
adocicada e com elevado potencial para ser utilizada no desenvolvimento de
novos produtos, como geleia, sorvete, xarope, vinagre, licor ou suco. E uma
fonte importante de vitamina C e possui uma gama de compostos fendlicos,
como flavonoides, flavononas e carotenoides, o que lhe confere alta capacidade
antioxidante. Entretanto, a mangaba é um fruto que apresenta caracteristicas
sazonais e é altamente perecivel devido a elevada taxa respiratoria e, portanto,
suscetivel a danos mecanicos durante a colheita, transporte e manuseio, 0 que
constitui um grande obstaculo para a sua comercializacdo em lugares distantes
dos locais de producao.

Dessa forma, a sua utilizagdo para a elaboragdo de novos produtos,
como a geleia, pode ser uma alternativa para explorar as potencialidades desse
fruto, aumentar a vida util, difundir o seu consumo em locais distantes dos
centros de produgdo e otimizar as tecnologias para seu processamento, bem
como agregar valor, melhorando dessa forma o nivel de vida das comunidades
rurais.

Diante disso, no presente trabalho objetivou-se elaborar a geleia de
mangaba e avaliar o impacto do processamento, o efeito da embalagem (vidro
ambar e transparente) e do tempo de armazenamento sobre a qualidade desse

produto.
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3 REFERENCIAL TEORICO

3.1 Cerrado

A savanna brasileira mais conhecida por “Cerrado” ¢ um dos maiores e mais
importantes biomas do mundo e, principalmente do Brasil. Esse bioma é rico em sua
fauna e flora e é considerada a savana mais diversificada do mundo, representando
cerca de 5% da flora e fauna mundial e um terco da biodiversidade brasileira
(CARRAZZA; AVILA, 2010; GONCALVES, 2007; SANTOS et al., 2010). Ocupa
uma area de cerca de 2 milhdes de quildmetros quadrados, o que representa 22% do
territério nacional brasileiro, constituindo o segundo maior bioma do pais, sendo
apenas superado pela Floresta Amazonica (CARDOSO et al., 2011; GONCALVES,
2007; OLIVEIRA et al., 2012).

Da érea total do bioma, 85% estdo localizados basicamente no Planalto
Central e o restante da area nos estados de Alagoas, Amazonas, Bahia, Ceara,
Maranhdo, Pard, Paraiba, Piaui, Rio Grande do Norte, Minas Gerais, Roraima e
Sergipe (Figura 1) (MARTINS, 2006; OLIVEIRA, 2009).

Por definicdo, bioma é um conjunto de vida vegetal e animal, especificado
pelo agrupamento de tipos de vegetagdo e identificAvel em escala regional, com
condi¢Bes geograficas e de clima similares e uma histéria compartilhada de mudancas
cujo resultado é uma diversidade bioldgica propria. A localizagdo de cada bioma é
condicionada fundamentalmente pelos seguintes fatores: temperatura, precipitacdo
pluviométrica e pela umidade relativa, e em menor escala pelos tipos de componentes
do solo (VIEIRA; MARTINS, 1998).
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Figura 1 - Biomas continentais brasileiros: Amaz6nia, Cerrado, Caatinga, Mata
Atléntica, Pantanal e Pampa.

z
'BIOMA

{ CAATINGA -
= 2

Fonte: Instituto Brasileiro de Geografia e Estatistica— IBGE (2004).

A riqueza da biodiversidade do Cerrado é explicada pela sua vasta extensdo
territorial, posi¢do geografica, pela heterogeneidade vegetal e também, por ser cortada
pelas trés maiores bacias hidrogréficas sul-americanas (VIEIRA et al., 2006).

Apesar do reconhecimento da riqueza desse bioma, nos ultimos anos, a
negligéncia quanto as leis de protecdo ambiental, as queimadas descontroladas, a
substituicdo das &reas naturais do Cerrado por &reas de agricultura e pecuaria vém
desencadeando uma diminuic8o das espécies nativas da biodiversidade que poderiam
ser utilizadas como fonte de desenvolvimento sustentavel regional (REZENDE et al.,
2004).

O clima do Cerrado é estacional, apresentando duas estacoes bem definidas,
uma no periodo chuvoso, entre os meses de outubro a marco, seguido por um periodo
seco de abril a setembro. A precipitacdo varia de 600 a 2.200 mm anuais, sendo a
média anual de 1.500 mm (FERREIRA, 2008). As temperaturas sdo, geralmente,
amenas ao longo do ano, entre 22 e 27 °C em média, sendo a temperatura maxima de

40 °C. Nesse bioma encontra-se o divisor de aguas das trés grandes bacias
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hidrogréficas do Brasil: a Amazonica, a do Parana e a do Séo Francisco (GOMES,
2008).

Os solos dominantes na regido dos Cerrados sdo do tipo Latossolos, cobrindo
46% da area. Esses tipos de solos podem apresentar uma coloracdo variando do
vermelho para 0 amarelo, em sua maioria sdo profundos, bem drenados, apresentam
baixa fertilidade natural, acidez elevada, alta toxidez de aluminio, baixa capacidade de
armazenamento de agua, porém devido as suas propriedades fisicas exibem boas
condic0es fisicas para a mecanizagdo, sendo adequados para a producdo agricola e
utilizagdo racional, pois embora apresentem limitagBes quanto & fertilidade natural,
esta pode ser transformada pela tecnologia existente (ADAMOLI et al., 1986;
BRAGA FILHO et al., 2009; CARUSO, 1997).

A vegetacdo do cerrado é caracterizada por possuir, basicamente, dois
extratos, um arbdreo/arbustivo de carater lenhoso, e outro herbéaceo/subarbustivo
constituido por gramineas, ervas e pequenos arbustos (COUTINHO, 1992). A flora é
bastante diversificada, distinguindo-se 11 tipos fisiondmicos distribuidos em
formacOes florestais, savanas e campestres: Cerraddo, Cerraddo Sentido Restrito
(stricto sensu), Mata Ciliar, Mata da Galeria, Mata Seca, Vereda, Campo Sujo, Campo
Limpo, Campo Rupestre, Palmeiral e Parque de Cerrado (SILVA et al., 2001).

Entre os tipos fisionbmicos mencionados, 0 mais comum é o chamado
Cerrado Sentido Restrito ou Stricto Sensu, uma formagao do tipo savana que merece
destaque por ser a mais rica em espécies frutiferas nativas de grande interesse para o
aproveitamento alimentar (AGUIAR; CAMARGO, 2004). Estimativas apontam que
existem pouco mais de 58 espécies frutiferas nativas conhecidas e utilizadas pela
populaco local (AVIDOS; FERREIRA, 2005).

Os frutos do Cerrado possuem caracteristicas sensoriais como coloracéo,
sabor e aroma peculiares e intensos, que os tornam mais atrativos, além de serem
potenciais fontes de nutrientes e compostos bioativos (VIEIRA; COSTA, 2007).

Portanto, a utilizacdo dos frutos nativos do cerrado brasileiro pode ser uma opgao para
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melhorar a salde da populac&o, agregar valor aos recursos naturais e, melhorar a renda
das comunidades rurais.

Entre as espécies frutiferas com elevado potencial econbmico, apontam-se:
mangaba (Hancornia speciosa Gomes), pequi (Caryocar brasiliense Camb.), baru
(Dipteryx alata Vog.), araticum (Annona crassiflora Mart.), caju (Anacardium
othonianum Rizzini), buriti (Mauritia flexuosa L.f.), jatoba (Hymenaea courbaril
Mart. ex Hayne), araca (Psidium guineense Swartz), murici (Byrsonima verbascifolia
(L) DC.) e cagaita (Eugenia dysenterica Mart ex. D. C.) (ALMEIDA; COSTA,;
SILVA, 2008; PEREIRA et al., 2006).

3.2 A cultura da mangabeira

A mangabeira (Hancornia speciosa Gomes) pertence a classe
Dicotyledoneae, ordem Gentianales, familia Apocynaceae, género Hancornia e a
espécie Hancornia speciosa, descrita por Gomes em 1812 (LEDERMAN et al.,
2000). A familia Apocynaceae inclui cerca de 400 géneros e 3700 espécies, sendo que
no Brasil ocorrem aproximadamente 95 géneros e 850 espécies. Fazem parte dessa
familia algumas arvores fornecedoras de madeira de boa qualidade, como as perobas e
guatambus e sdo ricas em latex e em substancias usadas para o tratamento do cancer
(SOUZA; LORENZI, 2008).

A mangabeira ¢ uma fruteira nativa do Brasil e estd presente nas regides
Centro-Oeste, Sudeste, Norte e Nordeste, ocorrendo em regides de vegetacao aberta,
como cerrados, tabuleiros arenosos, chapadas e caatingas (VENTURINI FILHO,
2010; VIEIRA NETO, 2001).

E uma planta arborea de porte médio que atinge de 2 a 10 metros de altura
podendo chegar raramente aos 15 metros. Possui porte harmonioso, com seus galhos
separados e bem formados. A copa é ampla, as vezes mais larga que alta, os galhos

sdo pendentes, abundantes e com folhagens reduzidas. Os troncos geralmente
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turtuosos, inclinados ou ligeiramente retos, com até 30 cm de didmetro, cortice
levemente suberoso e enrugado, com caule rugoso e aspero, possuindo de duas a trés
bifurcagcBes na altura média de 40 a 50 cm de base. As folhas sdo uniformemente
espacadas, glabras e coriaceas com lamina oblonga, elipticas lanceoladas ou oblongo-
lanceoladas nas duas extremidades. Possuem de 3,5 a 10,0 cm de comprimento e de
1,5 a 5,0 cm de largura, sempre glabras nas duas paginas, olivaceo-enegrescentes na
face ventral, mais descoradas na dorsal, com peciolo de 9 a 12 mm, axilar, fino, glabro
e biglanduloso (LEDERMAN et al., 2000; VILLACHICA et al., 1996). A sua
inflorescéncia possui de 1 a 7 flores e de coloracéo branca (SOARES et al., 2000).

A mangabeira é uma planta perenifélia que vegeta bem em regibes com
temperatura média de 25 °C, precipitacdo pluvial de 750 a 1600 mm anuais €, em
altitude até 1.500 m. Tem boa tolerancia a periodos de défice hidrico e apresenta um
melhor desenvolvimento vegetativo nas épocas de temperatura alta e baixa umidade
relativa do ar. O desenvolvimento espontdneo da mangabeira é comum em
Latossolos e Neossolos Quartzarénicos (Areias Quartzosas), que sdo solos
caracterizados pelo baixo teor de matéria organica, acidez elevada e baixa
disponibilidade de nutrientes e bases trocaveis (FERREIRA, 2007).

A planta se adapta bem ao clima tropical, tendo preferéncia pelos
terrenos ndo férteis, tabuleiros arenosos e secos. Os aspectos edafoclimaticos
descritos propiciam um ambiente menos favorecido a ocorréncia de pragas e
doencas, ndo afetando o crescimento e desenvolvimento das plantas, assim
tornando os frutos menos dependentes dos efeitos danosos dos agrotoxicos
(FERREIRA, 2007).

Apresenta, normalmente, na regido dos cerrados, floracdo durante o
periodo de agosto a novembro com pico em outubro. Sua frutificacdo acontece
entre outubro e dezembro e a colheita dos frutos inicia em novembro/dezembro,
estendendo-se até maio/junho do ano seguinte (CARNELOSSI et al., 2004).
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Algumas partes da mangabeira apresentam aplicacdo na medicina
popular, como a casca, com propriedade adstringente, o cha da folha que é usado
para colica menstrual (SILVA JUNIOR, 2004), e o latex, que é utilizado no
tratamento de combate a tuberculose, como estimulante das fung¢bes hepaticas
(uso interno) e no tratamento de Ulceras, dermatose e verrugas, Nno uso externo
(SOUSA et al., 2005).

3.3 Caracterizagéo do fruto

O nome “mangaba” tem sua origem na lingua tupi-guarani e significa “coisa
boa de comer”. E, realmente, uma fruta saborosa e nutritiva muito apreciada e
consumida pela populacdo nas diversas formas de aproveitamento (FERREIRA,
2007). Segundo Silva Janior (2004), algumas variantes do nome mangaba sdo
também usadas no Brasil, como mangaiba, mangareiba, mangava, mangalva e
manguba.

O fruto é do tipo baga, de tamanho, forma e cores variados (Figura 2),
geralmente elipsoidal ou arredondado, variando de 2,5 a 6,0 cm de didmetro, exocarpo
amarelado ou esverdeado com pigmentacdo ou sem pigmentacdo, polpa amarela,
bastante suave, adocicada, carnoso-viscosa, acida (GANGA et al., 2010;
VENTURINI FILHO, 2010), contendo, em geral, de 2 a 15 ou até 30 sementes
discoides, achatadas e com coloragdo castanho-claro, de 7 a 8 mm de diametro
(LEDERMAN et al., 2000).



Em geral, segundo Narain (1990), o fruto de mangabeira é constituido por

cerca de 77% de polpa, 12% de semente e 11% de casca. Porém, esses valores podem
sofrer variages em fungdo da planta matriz e a regido de origem, como foi constatado
por Aguiar Filho, Bosco e Araljo (1998), ao observarem que frutos provenientes do
Nordeste apresentaram meédias de 86,5% de polpa, 9,0% de semente e 4,5% de casca.
Em outro estudo, Souza et al. (2007) avaliaram frutos de 6 diferentes clones de
mangabeiras plantadas em Jodo Pessoa (PB) e reportaram valores médios de 25,74 g
de massa total, 3,83 cm de comprimento, 3,47 cm de didmetro e um rendimento da
fracdo comestivel (casca e polpa) de 85%.

A mangaba, bastante apreciada devido ao aroma e sabor caracteristicos, é
consumida in natura ou processada, na forma de polpa, sucos, coguetéis, doces em
calda, geleias, sorvetes, licores, vinhos e xaropes (FERREIRA, 2007).

Segundo Souza (2004), a utilizacdo da mangaba para a elaboracéo da geleia é
favorecida pela excelente acidez que o fruto contém, enquanto o seu potencial para a
fabricacdo de sorvete é devido ao seu alto contetdo de gomas, conferindo-lhe
propriedades funcionais de agregacéo, retencdo de sabor e inibicdo na formacéo de
cristais.
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A mangaba apresenta um alto valor nutricional, sendo considerada uma boa
fonte de fibras, ferro, potéssio e vitamina C. Os teores de vitamina C, de ferro e
potassio encontrados nesse fruto sdo superiores aos da maioria das espécies frutiferas
citados como referéncia com relacdo a esses nutrientes (LIMA et al., 2015b). Segundo
Aguiar Filho, Bosco e Araujo (1998), o ferro em associagdo a vitamina C, ou &cido
ascorbico, torna-se importante na composicdo da fruta, visto que a vitamina C
aumenta a biodisponibilidade de ferro, aumentando a absor¢do de ferro pelo
organismo.

Em relagéo aos lipidios, os frutos da mangabeira possuem teores que variam
de 0,3 a 1,5%, e que sdo ricos em &cido palmitico (29%); oleico (12%), linoleico
(18%) e linolénico (8%) (ALMEIDA; COSTA,; SILVA, 2008). Os teores de lipidios
reportados sdo inferiores aos observados por Lima et al. (2015b) que relataram valores
médios de 2,29%, considerados como normais em muitos frutos, como por exemplo,
amora silvestre, morango e framboesas vermelhas.

O valor energético, em cada 100 g de fruta, é de 43 calorias e 0s altos teores
de solidos sollveis totais, associados a elevada acidez, além do paladar exdtico,
conferem a mangaba um sabor muito apreciado pelos consumidores (SOARES et al.,
2000). Na mangaba, estdo também presentes e em quantidades elevadas, compostos
fendlicos que estdo associados ao potencial antioxidante e a prevencdo de doengas
cronico-degenerativas (LIMA et al., 2015D).

3.4 O processamento dos frutos

As frutas do Cerrado, devido aos seus atributos nutricionais, funcionais e
sensoriais, apresentam grande potencial como fonte econdmica crescente, e de boa
aceitacdo, 0 que as torna uma excelente alternativa para muitos agricultores e outros
setores (indUstria e comércio). Entretanto, a maioria das espécies frutiferas do cerrado

é de ocorréncia sazonal e tem sua exploracdo baseada quase que exclusivamente no
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extrativismo nas areas de ocorréncia natural (NOGUEIRA; NASCIMENTO
JUNIOR; BASTOS, 2009).

O uso de tecnologias de conservacdo que permitem o aproveitamento integral
dos frutos, como € o caso do processamento de geleia, pode ser um fator diferencial
para conquistar novos consumidores (DAMIANI, 2009; NOGUEIRA;
NASCIMENTO JUNIOR; BASTOS, 2009). Além disso, os frutos constituem
matérias-primas muito pereciveis, devendo ser utilizadas ou processadas logo apds a
colheita; sua industrializagdo contribui para 0 aumento da vida Util e agregacéo de
valores (DAMIANI, 2009).

Segundo Brech et al. (2008), o processamento de alimentos objetiva reduzir a
carga microbiana e as alteracbes quimicas capazes de afetar negativamente a sua
qualidade. No entanto, o processamento pode levar a reducdo de nutrientes essenciais
e algumas vitaminas hidrossollveis, como vitaminas C, e &cido folico, que sdo
sensiveis ao calor (BURRI et al., 2009).

O processamento pode ter uma influéncia negativa ou positiva na estabilidade
de compostos bioativos (AABY et al., 2007; TIWARI; CUMMINS, 2013). O calor
pode resultar na oxidacao, degradacéo, lixiviacdo e outros eventos que contribuem
para a reducdo dos niveis de antioxidantes em alimentos processados quando
comparados com os frescos. 1sso € particularmente notado no caso de vitamina C e
antioxidantes fendlicos. No entanto, para 0 caso de carotenoides, 0 processamento
pode levar & dissociagdo de antioxidantes dos componentes da matriz alimentar,
aumentando desse modo a sua capacidade antioxidante (KALT, 2005).

Durante o processo, diversos tipos de reacfes oxidativas ocorrem e 0s
elétrons sdo removidos dos atomos/ moléculas levando & formagdo de espécies
oxidadas que vdo causar o escurecimento, perdas ou alteragfes na cor, aroma,
mudangas na textura, e consequente perda de valor nutricional do produto,
devido & destruicdo de algumas vitaminas e alguns &cidos graxos (DZIEZAK,
1986).
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Alguns estudos reportaram uma redugdo dos niveis de compostos
bioativos tais como antocianinas, acido ascorbico e carotenoides durante a
pasteurizacdo de sucos de caju e abacaxi (ARAMWIT; BANG; SRICHANA;
2010; RATTANATHANALERK; CHIEWCHAN; SRICHUMPOUNG, 2009;
RAWSON et al., 2011).

3.5 Geleias

A transformacdo de frutas em produtos como a geleia possibilita absorver
grande parte da colheita, favorecendo o consumo de frutas durante o ano todo e a
reducdo de perdas de alimentos. As geleias podem ser consideradas produtos de
importancia comercial para indUstria brasileira de conservas, por possuirem maior
tempo de comercializagéo e boa aceitagdo comercial (CARNEIRO et al., 2012).

Segundo as normas técnicas relativas a alimentos, patentes na Resolucéo
CNNPA n° 12/1978 do Ministério da Saude, regulamentada pela Agéncia Nacional de
Vigilancia Sanitaria (ANVISA), revogada pela Resolugdo RDC n° 272/2005, geleia €
0 produto obtido pela coccao de frutas inteiras ou em pedacos, polpa ou suco de frutas,
com aglicar e 4gua e concentrado até atingir a consisténcia gelatinosa (AGENCIA
NACIONAL DE VIGILANCIA SANITARIA - ANVISA, 2005).

O produto deve ser preparado de frutas sas, limpas, isentas de matéria terrosa,
de parasitos, de detritos, de animais ou vegetais, e de fermentacdo. Podera ser
adicionado de glicose ou acucar invertido, mas néo deve conter substancias estranhas
a sua composi¢cdo normal. Deve estar isento de pedinculos e de cascas, mas pode
conter fragmentos da fruta, dependendo da espécie empregada no preparo do produto.
Nao pode ser colorido e nem aromatizado artificialmente. E tolerada a adicio de
acidulantes e de pectina para compensar qualquer deficiéncia no teor natural de
pectina ou de acidez da fruta (ANVISA, 2005).
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Uma combinagdo adequada desses componentes, tanto na qualidade como na
ordem de colocacdo durante o processamento, deve ser respeitada para obter uma
maior qualidade de geleia (ALBUQUERQUE; NACCO; FARO, 1996).

A geleia deve apresentar-se sob 0 aspecto de base gelatinosa, de consisténcia
tal, que quando extraida de seus recipientes, seja capaz de se manter no estado
semissolido. Deve ser transparente, apresentar elasticidade ao toque, retornando a sua
forma inicial apds ligeira pressdo. A cor e o cheiro devem ser proprios da fruta de
origem, assim como o sabor deve ser doce e semiacido; deve ter, no maximo, 38% p/p
de umidade, minimo de 62% p/p de sélidos sollveis totais e 0 maximo de 2% p/p de
pectina adicionada, sendo que a calda deve ser concentrada até 67,5 °Brix, suficiente
para que ocorra a geleificacdo durante o resfriamento (ANVISA, 2005).

Quanto aos tipos de geleia, a legislacdo vigente (ANVISA, 2005), classifica a
geleia em comum e extra. A geleia comum é aquela que recebe 40 partes de frutas
frescas, ou equivalentes, por 60 partes de agucar e, a definida como extra, recebe a
quantidade de 50 partes de frutas frescas, ou equivalentes, para 50 partes de acucar. As
geleias de frutas com grande teor de acidez podem ser preparadas com 35 partes de
frutas (ou seu equivalente a fruta fresca) com 65 partes de agUcar.

Quanto as caracteristicas microbiolgicas, de acordo com a RDC n° 12 de
janeiro de 2001, as geleias de frutas devem obedecer ao seguinte padréo: coliformes a
45°C maximo de 10%.g* para amostra indicativa; Salmonella sp: auséncia em 25g;
fungos e leveduras: maximo, 10%.g™. Devem, ainda, apresentar auséncia de sujidades,
parasitos e larvas (ANVISA, 2001).

A presenca de agucares redutores na elaboracdo de geleias € imprescindivel
tendo em vista que esses contribuem para a formagao do gel da pectina, impedindo a
cristalizacio da sacarose; conferem um aspecto mais brilhante e promovem o aumento
da pressdo osmética do meio, criando condi¢Bes desfavoraveis para o crescimento e
reproducdo da maioria dos microrganismos, a partir da diminuicdo da atividade de
agua (BARCELOS; FERRUA, 2003; JACKIX, 1988).
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As geleias, no geral, devem apresentar teor de sdlidos solGveis em torno de
65% (ALBUQUERQUE; NACCO; FARO, 1996), pH entre 3 e 4 (REIS, 1982),
acidez entre 0,3% e 0,8% (JACKIX, 1988), aclcares totais em torno de 60%
(FONSECA, 1999). De acordo com Silva (2008), em frutas pouco &cidas 0 emprego
de &cidos organicos permitidos pela legislacéo brasileira torna-se necessario.

As geleias sdo comumente usadas para acompanhar o pao, bolacha e
derivados, ou empregadas em recheio de bolo e artigos de confeitaria. Em outros
paises, principalmente os europeus, assumem papel de destaque (MELO; LIMA;
NASCIMENTO, 1999). A elaboracdo de geleia implica no controle de tempo de
cozimento e temperatura e uma concentracdo de agUcar suficiente para ocorrer a
geleificagcdo sem comprometer o sabor, a cor e a textura. O tempo de cozimento € de

10 a 35 minutos a temperatura de 120 °C, aproximadamente.

3.5.1 Descrigdo dos constituintes da geleia

Séo considerados constituintes basicos na elaboracdo de uma geleia: frutas,
acUcar, pectina e acido. Uma combinagdo adequada entre eles, seja na quantidade ou
na ordem de colocacdo durante o processamento, definird a qualidade de uma geleia
(SOLER, 1991) (Figura 3).
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Figura 3 - Diagrama de Rauch para consisténcia das geleias em funcéo de seus
constituintes basicos.
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Fonte: Rauch (1978).

3.5.1.1 Frutas

As frutas destinadas a fabricacdo de geleias devem se encontrar em seu
estadio de maturacdo 6timo, quando apresentam seu melhor sabor, cor, aroma e
elevados teores de acucar e pectina. Frutas levemente verdes, entretanto, tém maior
rendimento de pectina que as demasiadamente maduras, porque, a medida que a fruta
amadurece, a pectina decompde-se em acido péctico, ndo formando gel (JACKIX,
1988; SOUZA; BRAGANCA, 2000).

As frutas muito verdes por outro lado, além de apresentarem deficiéncia na

qualidade, podem desenvolver cor castanha no produto final e as muito maduras, alem
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de sofrerem perdas de pectinas por agdo de enzimas pectinoliticas, sdéo mais
susceptiveis a contaminacao por fungos e leveduras (SOLER, 1995).

Segundo Jackix (1988), frutas ricas em pectina e acido, sdo as mais indicadas
para a elaboracdo de geleias. As frutas deficientes em pectina e/ou acido necessitam,
normalmente, de complementacéo acido e/ou pectina comercial.

As frutas como ingredientes de geleia possuem poder adogante, acidificante,
conservante, corante e flavorizante; oferecem uma imagem saudavel e combinam
aglcares naturais, fibras, vitaminas e minerais (MASMOUDI et al., 2008). Na
producéo de geleias podem ser usados frutos in natura ou polpas de frutas congeladas
durante a safra, garantindo, assim, a disponibilidade desse produto para o consumo
durante o ano todo (FREITAS; CANDIDO; SILVA, 2008).

3.5.1.2 Acucar

O acucar é um dos constituintes principais utilizados na elaboracéo de geleias
junto a pectina e o acido. Quando usado em propor¢des determinadas, contribui para a
formagao do gel com teor de solidos solUveis variando de 64 a 71°Brix; ndo obstante,
é importante controlar o teor de solidos solUveis para se evitar problemas de pré-
geleificacdo que por sua vez ira enfraquecer o gel (MORAIS, 2000; SIGUEMOTO,
1993).

O tipo de agucar apresenta importancia na elaboragéo de geleias. Geralmente,
0 agucar empregado com maior frequéncia é a sacarose que durante a coc¢do, sofre
em meio &cido, um processo de inversdo que a transforma parcialmente em glicose e
frutose (acucar invertido), 0 que evita a cristalizacdo que pode ocorrer durante o
periodo de armazenamento. A baixa inversdo da sacarose podera provocar a
cristalizagdo, enquanto a alta inversdo podera resultar numa granulacdo de dextrose
(glucose) no gel. Geralmente € dificil o controle dessa relagdo por causa da variagéo da

acidez das frutas, das condigBes de cozimento, etc. Em concentradores a vacuo ocorre
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pouca inversdo da sacarose e, por isso, deve adicionar-se agUcar invertido (GAVA,;
SILVA; FRIAS, 2008).

A adicdo de aclcar afeta o equilibrio pectina/agua, desestabilizando
conglomerados de pectina e formando uma rede de fibras, que comp&em o gel, cuja
estrutura é capaz de suportar liquidos. A densidade e a continuidade dessa rede sdo
afetadas pelo teor de pectina. A rigidez da estrutura é afetada pela concentracdo do
agUcar e acidez (JACKIX, 1988).

A presenca do agUcar, além de ser imprescindivel na formagéo do gel de
pectina, promove 0 aumento da pressdo osmotica do meio, criando condigOes
desfavoraveis para o crescimento e reproducdo da maioria dos microrganismos, a
partir da diminuicdo da atividade de agua (Aw) contribuindo desse modo, para o
aumento da vida Util e melhoria nas caracteristicas sensoriais da geleia (BARCELOS;
FERRUA, 2003; EVANGELISTA, 2005).

3.5.1.3 Pectina

Entre os polissacarideos que as paredes celulares de plantas superiores
apresentam, as substancias pécticas sdo as mais complexas no que se refere a
organizacdo estrutural e funcionalidade. As substancias pécticas consistem em todos
0s materiais que contém &cidos poligalacturbnicos em sua composicdo estrutural,
sendo classificadas em: protopectina, acidos pécticos, acidos pectinicos e pectinas
(YAPO, 2011).

As pectinas sdo polimeros sollveis em &gua, compostos por cadeias lineares
de &cido D-galacturénico em ligagdo a-(1,4), interrompidas as vezes por residuos de
L-ramnose em ligagdo a-(1,2) e com grau variavel de grupos carboxilas metil
esterificados (Figura 4) (PAIVA; LIMA, 2009; YAPO, 2011).
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Figura 4 - Estrutura quimica do acido poligalacturénico.
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Fonte: Martinez et al. (2011)

As pectinas encontram-se naturalmente associadas com a celulose,
hemicelulose e lignina, que auxiliam na adeséo entre as celulas, contribuindo dessa
maneira para a firmeza, resisténcia mecanica e coesividade dos tecidos (LIMA et al.,
2010).

O processo de extragdo industrial da pectina é principalmente derivado de
frutas citricas. A pectina é usada como agente geleificante, espessante e emulsificante
com uma ampla aplicacdo em produtos alimenticios e até mesmo em produtos
farmacedticos (KAYAL et al., 2014).

A proporcao entre 0 nimero de grupos &cidos esterificados em relacdo ao
ndmero total dos grupos acidos define o grau de esterificacdo (DE) ou grau de
metoxilagdo (DM) de uma pectina. O grau de esterificagao influencia fortemente os
parametros de tempo e temperatura para a formagao do gel (EI-NAWAWI; HEIKEL,
1997).

Do ponto de vista comercial, as pectinas sdo classificadas em pectinas de
baixo teor de grupos metoxilicos (BTM), quando somente 50%, ou menos,
encontraram-se esterificados e, pectinas de alto teor de grupos metoxilicos (ATM),
quando contém acima de 50% de seus grupos carboxilicos esterificados. Entre as
pectinas de baixo teor de grupos metoxilicos, encontram-se também as amidadas, que
contém o grupo amida com grau de metoxilagdo na faixa de 10% a 25% (Figura 5)
(BOBBIO; BOBBIO, 2003).
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Figura 5 - Estruturas das pectinas de (a) alto teor de metoxilacéo (b) baixo teor
de metoxilacéo e (c) pectina amidada.
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Fonte: Licodiedoff (2008)

A temperatura, na qual comeca a se formar o gel durante o processo de
resfriamento, depende diretamente do grau de esterificagdo da pectina. Segundo Soler
(1991), conforme a temperatura e a velocidade de geleificagdo, as pectinas
classificam-se em trés grupos:

a) pectina de geleificacdo lenta: grau de esterificacdo 60% - 65%;

temperatura de formacao do gel 45 °C a 60 °C;

b) pectina de geleificacdo média: grau de esterificacdo 66% - 70%,

temperatura de formacao do gel 55 °C — 75 °C;

c) pectina de geleificacdo rapida: grau de esterificacdo 70% - 76%,

temperatura de formacdo do gel 75 °C- 85 °C.

Cada um desses tipos de pectina corresponde a um intervalo 6timo de pH
para sua melhor atuagdo, que oscila geralmente entre 2,8 e 4,2.
As pectinas de alta metoxilagdo tém diferentes aplicacdes. As de geleificacdo

rapida sdo utilizadas em produtos que incluem pedacos de frutas ou tiras de casca. As
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de geleificacdo lenta sdo aplicadas em geleias normais e naquelas envasadas em
grandes recipientes, obtendo-se géis homogéneos, evitando-se geleificacdes
prematuras, que dificultam o enchimento das embalagens. As pectinas de baixa
metoxilacdo sdo bastante utilizadas em produtos dietéticos por requererem baixos
teores de acUcares (THAKUR; SINGH; HANDA, 1997).

A adi¢do de pectina representa uma etapa muito importante no processamento
de geleias, pois é necessario dissolver toda a pectina no material a ser processado, a
fim de obter o efeito desejado e aproveitar toda a sua capacidade geleificante.
Normalmente, a quantidade de pectina a ser adicionada € calculada em relagéo a
quantidade de agucar usado na formulacdo; em geral a geleia acabada deve conter de
0,5% a 1,5% em massa de pectina (LICODIEDOFF, 2008).

3.5.1.4 Acido

Semelhante & pectina e ao aglcar, o &cido é também um constituinte
importante para a formacéao do gel. A adigdo de acidulantes tem por objetivo baixar o
pH, para se obter geleificacdo adequada e realgar o aroma natural da fruta, além de
criar condigdes desfavoraveis para 0 desenvolvimento de microrganismos
(FERREIRA et al., 2004).

Quando o é&cido ndo esta presente na fruta a ser utilizada ou estd em
quantidades insuficientes, torna-se necessaria sua adicdo obedecendo aos limites
permitidos pela legislacéo vigente.

O é&cido enrijece as fibrilas da rede, conferindo elasticidade e capacidade de
manter a estrutura, porém, uma acidez alta afeta a elasticidade, por causa da hidrolise
da pectina. Portanto, a consisténcia da geleia é consequéncia de dois fatores, a
continuidade, ligada a concentragdo de pectina, e a rigidez, diretamente relacionada a

concentragdo de agUcar e acido. A concentragdo 6tima de agUcar esti ao redor de
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67,5%, podendo ser reduzida quando se utiliza altos teores de pectina e &cido
(JACKIX, 1998; TORREZAN, 1997).

De acordo com Soler (1991), o acido mais usado devido ao seu sabor
agradavel é o citrico. O acido tartarico tem um sabor acido menos detectavel; possui a
vantagem de que, quando utilizado nas mesmas quantidades do citrico, da valores de
pH muito mais baixos. Entretanto, o &cido tartarico ndo € recomendado em geleias de
uva e de magd, pois essas frutas possuem, naturalmente, esse acido e, por isso,
tartarato &cido de potassio podera cristalizar-se na geleia, se a concentracdo de
tartarato aumentar muito.

Quanto ao acido malico, ele confere praticamente 0 mesmo efeito que o
citrico em pH e sabor, mas seu sabor &cido é menos intenso, porém mais persistente.
Ja o acido latico, embora dé a mesma reducéo de pH que o &cido citrico, tem menor
sabor acidulante, quando a mesma quantidade é empregada (SOLER, 1991).

Segundo Jackix (1988), em geleias convencionais, o valor do pH deve
estar situado entre 3,0 e 3,4. Em valores de pH inferiores, a geleificacdo ndo
ocorre, pois, 0 excesso de acido enfraquece as fibrilas da rede. Ainda de acordo
com 0 mesmo autor, a acidez titulavel da geleia expressa em porcentagem de
acido citrico deve estar a, aproximadamente, 0,5% a 0,8%, pois, acima de 1%
ocorre sinérese, ou seja, exsudacgdo do liquido da geleia.

A adicdo do acido é recomendada no final do processo, se possivel,
porgue a pectina em meio acido e sob aquecimento, sofre hidrélise perdendo
totalmente o poder geleificante (JACKIX, 1988).

3.6 Embalagem e armazenamento

A preservagao das caracteristicas originais dos alimentos, pelo maior tempo,
apos o processamento, € um dos grandes objetivos da industria de alimentos. No

entanto, os alimentos, industrializados ou ndo, mantém-se em constante atividade
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metabolica, manifestada por alteracbes de natureza quimica, fisica, microbioldgica ou
enzimatica, que levam a deterioracdo da qualidade durante o seu armazenamento
(SARANTOPULOS et al., 2001).

Segundo Battey et al. (2002), alimentos como compotas, geleias, doces e
sucos, sdo normalmente preservados pela combinacdo de barreiras como tratamento
térmico e uso de preservativos, mas mesmo assim, sofrem uma série de
transformacOes ao longo do tempo. Os mesmos autores sugerem ainda que, as
condicOes de armazenamento tais como embalagem, umidade relativa, temperatura e
tempo de estocagem, determinam a velocidade das alteraces dos componentes do
produto, como mudanga na textura (amolecimento ou enrijecimento do gel), sinérese,
variagfes na coloragdo, na atividade de &gua, na acidez e no pH, alterando desse
modo, a qualidade do produto final e afetando a sua estabilidade.

Entre esses fatores, a embalagem é considerada fundamental na manutengéo
da qualidade de alimentos. A principal finalidade da embalagem é proteger os
alimentos contra qualquer tipo de deterioracdo, seja de natureza quimica, fisica ou
bioldgica, desde o seu acondicionamento até o seu consumo final, assegurando a
manutencao de suas proprias caracteristicas por um periodo de tempo relativamente
longo, ap6s o seu processamento (SMITH; ZAGORY; RAMASWAMY, 2005).

A interacdo do produto com a embalagem pode ocasionar mudangas nos
atributos sensoriais e resultar em sabores desagradaveis, além da possibilidade de
poder ocorrer a migracdo de substancias toxicas ao produto acondicionado. Diante
disso, o vidro vem sendo reconhecido como um dos materiais que sintetiza todas as
qualidades requeridas em um alimento (MAIA; SOUSA; LIMA, 2007).

A embalagem de vidro por ser totalmente inerte, ndo permite a difusdo de
gases e liquidos através das paredes, resiste tanto a pressdes internas como externas,
ndo permitindo desse modo a sua interaco com o alimento durante o0 armazenamento,
além de ser 100% reciclavel. Apresenta desvantagens como fragilidade & quebra e

pouca resisténcia a mudancas bruscas de temperatura. A embalagem de vidro
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transparente, além das desvantagens apontadas, permite a passagem da luz e
consequentes alteracoes quimicas (UCHIMURA, 2007).

3.7 Avaliacdo da qualidade da geleia com base em anélises fisico-quimicas

A qualidade de um alimento envolve atributos nutricionais, sensoriais e a sua
seguranca, embora hodiernamente o apelo funcional possa ser inserido no conceito de
qualidade. A seguir serdo discutidas varidveis analiticas passiveis de serem associadas

com a qualidade de geleia.

3.7.1 Composicao centesimal

De acordo com a Ingestdo Diaria Recomendada (RDI), para 0 consumo
equilibrado dos nutrientes, sdo necessarios os dados de composicdo centesimal de
alimentos que séo usados em inimeros casos, como avaliagdo nutricional e controle
de qualidade dos alimentos, desenvolvimento de novos produtos, avaliagdo do
suprimento e o0 consumo alimentar de um pais, elaboracéo de dietas para individuos,
avaliacdo do estado geral de salde de uma populagdo, avaliacdo da correlagdo entre o
estado de salde e a incidéncia de determinadas doengas, planejamento governamental,
a fim de que uma politica agropecuaria seja estabelecida, bem como, para pesquisas e
desenvolvimento de indistrias na area de alimentos (LAJOLO, 1995; LAJOLO;
VANUCCHI, 1987; TORRES et al., 2000).

A composicdo centesimal corresponde a proporcéo dos grupos homogéneos
de substancias presentes em 100g de um alimento, exprimindo de forma geral o seu
valor nutritivo. Os grupos homogéneos de substancias dizem respeito aqueles
compostos que se encontram em praticamente todos os alimentos como umidade,
lipideos ou extrato etéreo, proteina bruta, fibra bruta, cinzas ou residuo mineral fixo e
fraccdo glicidica ou extrato ndo nitrogenado (VILAS BOAS, 2014a).
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Na determinacdo da composicdo centesimal dos alimentos, o método de
Weende é comumente utilizado, com algumas alteragdes (VILAS BOAS, 2014b). A
determinacdo de umidade é de grande importancia, pois a agua exerce influéncia
acentuada em vaérias caracteristicas dos alimentos tais como, aparéncia, sabor, aroma,
estrutura e, permite o desenvolvimento de microrganismos que podem comprometer a
seguranca do alimento (BOBBIO; BOBBIO, 2003).

A fragdo extrato etéreo é constituida principalmente de lipideos e outros
constituintes lipossolUveis como vitaminas e pigmentos (BOBBIO; BOBBIO, 2003).
Os lipideos séo substancias insollveis em agua, mas sollveis em éter, cloroférmio,
benzeno e outros solventes organicos chamados de extratores.

O termo proteina bruta envolve um grande grupo de substancias com
estruturas semelhantes, porém com fungdes fisiol6gicas muito diferentes. Baseando-se
no fato das proteinas apresentarem porcentagem de nitrogénio quase constante, em
torno de 16%, o que se faz é determinar o nitrogénio presente nesta e, por meio de um
fator de conversao, transformar o resultado em proteina bruta (SILVA; QUEIROZ,
2004).

A determinacdo da cinza fornece apenas uma indicacdo da riqueza da
amostra em elementos minerais. O teor de cinza pode permitir uma estimativa
dos teores de calcio e fosforo do alimento analisado, quando se trata de certos
produtos como farinha de 0ssos e produtos de origem marinha (BOBBIO;
BOBBIO, 2003).

As fibras sdo constituidas por uma associacéo de polimeros de alto peso
molecular, compreendendo dois grupos quimicos, um com estrutura de
polissacarideos vegetais como a celulose, a hemicelulose e as pectinas; e outro
sem a referida estrutura, como a lignina, as gomas e mucilagens. A celulose e
hemicelulose séo encontradas tipicamente nos vegetais, variando em quantidade
(FRANCO, 2003).
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A fracdo glicidica, extrato ndo nitrogenado (ENN), constitui-se na por¢ao
glicidica do alimento, a exce¢do da fracéo fibra. Diz respeito a porcéo de carboidratos
do alimento, passivel de ser digerida e utilizada como fonte de energia pelos seres
humanos (VILAS BOAS, 20143, 2014b).

3.7.2 Atividade antioxidante

A interagdo dos organismos vivos com 0 meio ambiente visa & manutengao
do equilibrio interno que possibilite a sobrevivéncia, o crescimento e a reproducéo. O
oxigénio molecular (O-) obtido da atmosfera, mesmo sendo vital aos seres aerdbios,
pode, em nivel intracelular, estimular a formacdo de espécies reativas ou radicais
livres (BARBOSA et al., 2010; CERQUEIRA; MEDEIROS; AUGUSTO, 2007).

Os radicais livres sdo moléculas instaveis, geradas no organismo por reacdes
de Oxido-reducdo e, apresentam um namero impar de elétrons na Ultima camada
electrbnica, o que lhes confere alta reatividade. Entre os radicais livres e demais
espécies reativas, destacam-se o oxigénio singlete, o superdxido, o radical hidroxila, o
peroxido de hidrogénio, o radical peroxila e o Oxido nitrico (CERQUEIRA,
MEDEIROS; AUGUSTO, 2007; WANG et al., 2011).

A geracdo de radicais livres produzidos naturalmente constitui, por
exceléncia, um processo continuo e fisiologico, cumprindo funcBes bioldgicas
importantes, porém, a producdo excessiva pode conduzir a danos oxidativos e
comprometer a integridade celular de biomoléculas, o que pode levar a problemas de
satde cronicos, incluindo doencas cardiovasculares, acidentes vascular cerebral,
aterosclerose e certos tipos de céncer (BARBOSA et al., 2010; BLOCK;
LANGSETH, 1994; FRANCA et al., 2013).

As descobertas dos efeitos deletérios dos radicais livres sobre as células e sua

relagdo com a ocorréncia de doengas impulsionam a busca por novas substancias
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antioxidantes capazes de prevenir ou minimizar os danos oxidativos as células
(ALVES et al., 2010).

Biologicamente, antioxidantes podem ser definidos como sendo as
substancias que atuam contra o ataque de radicais livres, contribuindo desse modo,
para a minimizacdo de riscos contra a ocorréncia de doengas (PRIOR; CAO, 1999).

Quimicamente, antioxidantes sdo agentes redutores que doam elétrons e
provocam a redugdo de uma substancia. Antioxidantes também poder ser definidos
como quaisguer substancias, que quando presentes em quantidades menores, quando
comparados com o substrato, previnem contra a oxidagao do substrato (PRIOR; CAQO,
1999).

Os antioxidantes desempenham papel crucial tanto nas reagBes de
escurecimento ndo enzimatico quanto nas reacdes de escurecimento enzimatico e
ajudam na prevencdo de oxidagdo lipidica em alimentos; sdo agrupados em duas
categorias, a saber, sintéticos e naturais.

Do grupo dos sintéticos os mais comuns séo: o butil hidroxitolueno (BHT),
butil hidroquinona (TBHQ), butil hidroxianisol (BHA). Ja os naturais, incluem as
vitaminas A, C e E, bem como numerosos compostos ndo nutricionais, tais como
polifendis, flavonoides e carotenoides (ARAUJO, 2011; RICER-EVANS; MILLER;
PAGANGA, 1996).

A capacidade antioxidante dos componentes bioativos presentes nas frutas
depende de sua estrutura quimica e da concentracéo desses fitoquimicos no alimento,
cujo teor é amplamente influenciado por fatores genéticos, condigBes ambientais, grau
de maturacéo, variedade da planta, entre outros (MELLO et al., 2009).

Diversos metodos tém sido usados para a avaliagdo e comparacdo da
capacidade antioxidante de frutos, dependendo da complexidade do substrato
analisado (KAUR; KAPOOR, 2001; SZABO et al., 2007).

A capacidade antioxidante € principalmente avaliada por meio de testes

quimicos e, recentemente, tem sido por meio de testes celulares. A atividade
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antioxidante usando métodos quimicos é basicamente realizada por meio de dois
métodos: transferéncia de atomo de hidrogénio e transferéncia de elétrons
(BADARINATH et al., 2010; PRIOR et al., 2003).

Entre os métodos de transferéncia de atomos de hidrogénio comumente
usados, destacam-se: capacidade de inibicdo da peroxidacdo lipidica (ORAC),
potencial antioxidante total (TRAP) e sequestro de radical livre (ABTS); os métodos
de transferéncia de elétrons incluem os seguintes: sequestro de radical livre (DPPH),
capacidade antioxidante equivalente a trolox (TEAC) e o poder antioxidante de
reducéo do ferro (FRAP) (BADARINATH et al., 2010).

3.7.3 Compostos fendlicos

Os compostos fendlicos sdo um grupo de substancias classificadas como
metabolitos secundarios, largamente distribuidos nas plantas, caracterizados por
possuirem um anel aromatico com um ou mais grupos hidroxilicos, podendo englobar
moléculas simples e até estruturas com alto grau de polimerizacdo (FINCO et al.,
2012; SOARES et al., 2008). A maioria ndo é encontrada no estado livre na natureza,
mas sob a forma de ésteres ou heterosideos (MONTEIRO et al., 2005).

Os compostos fendlicos sdo sintetizados durante o desenvolvimento normal
das plantas, bem como em resposta a condigdes de estresse, tais como, radiacdo
ultravioleta, ataque por microrganismos, lesdes, entre outros fatores. Podem ser
associados com as propriedades funcionais e atributos sensoriais tais como cor, sabor,
aroma e, também estdo envolvidos na adstringéncia e gosto amargo de alguns
alimentos (BADARINATH et al., 2010; NACZK; SHAHIDI, 2004).

O teor de compostos fenolicos presente nos frutos estd relacionado
diretamente com o estidio de maturacdo, variedade, clima, composicdo do solo,
localizacdo geogréfica, condicbes de armazenamento, entre outros fatores (BELITZ;
GROSCH; SCHIEBERLE, 2009).
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A biossintese dos compostos fendlicos nas plantas é derivada de duas rotas
bésicas: a rota do acido chiquimico que participa na biossintese da maioria dos fenois
vegetais e a do &cido malbnico, que é menos significativa nas plantas superiores
(Figura 6) (TAIZ; ZEIGER, 2009).

Figura 6 - Esquema simplificado de biossintese de compostos fenoélicos.
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Fonte: Taiz e Zeiger (2009)

A rota do acido chiquimico converte os precursores de carboidratos
derivados da via glicolitica e a da rota das pentoses fosfato em aminoacidos
aromaticos (fenilalanina, tirosina e triptofano). Um dos intermediarios dessa rota é
0 acido chiquimico, que da o nome a essa sequéncia de reacdes, sendo que a classe
mais abundante de compostos fendlicos secundarios, derivada da fenilalanina,
aminoacido-chave catalisado pela enzima fenilalanina amonialiase (TAIZ;
ZEIGER, 2009).
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Os compostos fendlicos encontrados nos frutos sdo classificados, de
acordo com o numero de anéis aromaticos em: flavonoides, &cidos fenolicos,
estilbenos, ligninas e taninos. Todas essas substancias possuem um ou mais
grupos hidroxilicos diretamente ligados ao anel aromético caracteristico, assim
como da respectiva estrutura (VERMERRIS; NICHOLSON, 2006).

Os flavonoides constituem o principal grupo de compostos bioativos
encontrados em frutos e estdo distribuidos em 6 subclasses: isoflavonas, flavonais,
flavonas, flavononas, flavonéis antocianinas e antocianidinas. Os flavonoides
quando estdo ligados a uma ou mais moléculas de aglcar sdo chamados de
flavonoides glicosidicos, e quando ndo estdo ligados a nenhuma molécula de
acucar sdo chamados de agliconas. O grau de glicolizagdo afeta diretamente a
capacidade antioxidante dos flavonoides (WILLIAMSON, 2004).

Os acidos fendlicos dividem-se em dois subgrupos: derivados dos &cidos
hidroxicinamico e hidroxibenzoico. Os compostos derivados do &cido
hidroxicinamico (C6-C3), incluem os &cidos ferdlico, p-cumarico e cafeico; os
derivados de &cido hidroxibenzdico (C6-C1) sdo encontrados em muitos frutos e
na sua maioria ocorrem em forma de ésteres. Os compostos mais comuns
encontrados nessa categoria sdo os acidos galico, vanilico, elagico e siringico
(HAMINIUK et al., 2012).

Os taninos sdo a classe de polifentis também encontrados em frutos e sua
maior presenca € em forma de polimeros. Sdo substancias responséveis pela
sensacdo de adstringéncia nos alimentos e, tém habilidade de precipitar proteinas.
Séo classificados em taninos hidrolisaveis e condensados (SCHOFIELD;
MBUGUA,; PELL, 2001; SOARES, 2002).

Entre os taninos hidrolisaveis, o acido tanico é o mais comum nos frutos,
enquanto os taninos condensados, também chamados de proantocianidinas sdo o0s
mais encontrados em uvas. As proantocianidinas quando em contacto com

proteinas da saliva, sdo responsdveis pela adstringéncia dos frutos (EL
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GHARRAS, 2009). O estilbenos sdo um grupo de derivados fenilpropanoides
caracterizados por possuirem ligacdo (C6-C2-C6) (GOYAL et al., 2012).

Na planta, a maioria dos estilbenos atua como fitoalexinas, compostos que
sdo sintetizados em resposta a uma infeccdo fdngica ou injuria mecénica. O
composto mais estudado neste grupo é o resveratrol, devido & sua grande
capacidade antioxidante (ATANACKOVIC et al., 2012).

Nas Ultimas décadas, o consumo de frutas e hortalicas tem atraido
crescente interesse por parte dos consumidores porque diversos estudos
epidemioldgicos e bioguimicos tém consistentemente demonstrado uma clara e
significativa associagdo positiva entre a ingestdo desses alimentos naturais com a
reducdo de incidéncia de algumas doengas cronicas ndo transmissiveis, tais como
certos tipos de céncer, diabetes, obesidade, entre outras. O efeito positivo dos
frutos e hortalicas na redugdo dessas doencas tem sido atribuido a presenga de
diversos antioxidantes naturais, principalmente as vitaminas antioxidantes tais
como acido ascorbico (vitamina C), o-tocoferol (vitamina E) e B-caroteno
(provitamina A). Entretanto, estudos recentes sugerem que 0S COMPOStOs
polifendlicos sdo as principais substancias bioativas encontradas nas plantas
superiores, com propriedades antioxidantes (MAGALHAES et al., 2009;
RODRIGUEZ-MEDINA; SEGURA-CARRETERO; FERNANDEZ-
GUTIERREZ, 2009).

Os frutos das espécies nativas do cerrado brasileiro, como a mangaba, sdo
considerados como tendo uma alta capacidade antioxidante devido & presenca de
teores elevados de compostos fendlicos (ASSUMP(;AO et al., 2014; GOMES;
RAMALHO; GUALBERTO, 2013; LIMA et al., 2015b).

Um estudo recente comprovou que a polpa de mangaba possui uma
elevada acdo antimutagénica, devido principalmente a presenca de elevados teores
de compostos fenolicos, como catequina, rutina, e 0s acidos clorogénico, vanilico,

0-cumarico, gélico e rosmarinico (LIMA et al., 2015a).
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3.7.4 Vitamina C

A vitamina C ou, simplesmente &cido ascdrbico, € uma substancia
hidrossoltvel e termolabel amplamente distribuida em produtos de origem vegetal.
Cerca de 90% das necessidades de vitamina C do homem sdo satisfeitas pelo consumo
de frutas e hortalicas. As frutas citricas se destacam como sendo as melhores fontes,
ndo s6 pelo elevado teor dessa vitamina (50 a 75 mg.100g™) como também pelo
elevado consumo nas dietas no mundo inteiro (CHITARRA; CHITARRA, 2005;
ZHANG; HAMAUZU, 2004).

A vitamina C é um componente essencial na maioria dos tecidos, e na
natureza, ocorre na forma reduzida (acido L-ascorbico) ou oxidada (acido
dehidroascérbico), porém a forma oxidada é menos difundida nas substancias naturais.
Ambas as formas apresentam atividade vitaminica e a transformacdo do écido
ascorbico em &cido dehidroascorbico é reversivel e acontece normalmente no interior
das células, o que permite que uma de suas substancias possa sempre ser transformada
na outra. Essa capacidade de transformagéo funciona como um sistema oxiredutor
capaz de transportar a molécula de hidrogénio nos processos de respiracdo, no interior
da célula (ABREU; 2010; TAVARES et al., 2000; WELCH et al., 2003).

Entre suas diversas funcBes, a vitamina C atua na fase aquosa como um
potencial agente antioxidante sobre os radicais livres. Sua atividade antioxidante
envolve doacdo em sequéncia de dois elétrons e quando perde esses elétrons, a
vitamina é oxidada levando a formagao do radical livre ascorbato e outra substancia
reduzida, impedindo, assim, a oxidagdo da substancia reduzida (PENTEADO, 2003;
ROSA et al., 2007).

Ela é também capaz de diminuir a peroxidagao lipidica. O teor de vitamina C
em frutas e hortalicas pode variar dependendo da espécie, do estadio de maturacéo na
época de colheita, de variagBes genotipicas, do manuseio pos-colheita, das condiges
de estocagem e do processamento (SILVA,; LOPES; VALENTE-MESQUITA, 2006).
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Durante o processamento e estocagem de frutas e hortalicas, o é&cido
ascorbico € o nutriente mais afetado, por isso sua retencdo tem sido usada
frequentemente como um indicativo de qualidade nutricional e até mesmo de
conservacao dos alimentos (ASHOOR; WOODROW; WELTY, 1984; FENNEMA,
1977).

3.7.5 Coloragéo

A coloragdo desempenha papel importante na aceitacdo de um produto
alimenticio e, representa normalmente 0 mais importante determinante da aparéncia
em frutas e hortalicas, frescas ou processadas. A aparéncia constitui-se no primeiro
atributo sensorial avaliado pelo consumidor no momento da aquisiio de um
alimento. Se o alimento é reprovado pela avaliagdo visual do consumidor, geralmente,
outros atributos de qualidade, como o sabor e a textura, ndo séo julgados, sendo, de
imediato, rejeitado (VILAS BOAS; BATISTA, 2014).

Segundo Melchiades e Boschi (1999), representar a coloracdo por meio de
numeros facilita a comunicacdo e a comparacdo entre cores, permitindo, assim, um
tratamento qualitativo dessas diferencas. Os métodos disponiveis para medicéo da cor
variam quanto a simetria da cor, espaco e sistemas de coordenadas usadas para definir
0S pontos no espago e sao baseados em técnicas instrumentais por espectrofotdmetros
para obter avaliagBes objetivas da cor por meio dos sistemas de cores (Munsell,
Hunter, CIE, CIELab), definindo o espaco cromético em coordenadas retangulares
(L*, a*, b*). O pardmetro L* representa o grau de luminosidade e varia entre O (preto)
e 100 (branco), os parametros a* e b* representam a intensidade da cor, sendo que a*
varia de vermelho (positivo) ao verde (negativo) e b* do amarelo (positivo) ao azul
(negativo) (SANJINEZ-ARGANDONA, 2005).

As coordenadas angulo de tonalidade, hue (°h) e a cromaticidade ou croma

(C*) séo medidas derivadas de a* e b*. O angulo de cor hue assume valor zero para a
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cor vermelha, 90° para amarela, 180° para verde e 270° para azul. A cromaticidade ou
croma indica a saturacdo em termos de pigmentos da cor, sendo que valores de croma
préximos de zero representam cores neutras, enquanto que valores préximos de 60
representam cores vivas (MENDONCA et al., 2003).

3.7.6 Reologia

A reologia é uma area de ciéncia dos alimentos gque estuda o escoamento e
deformacdo dos materiais. As determinagdes reoldgicas permitem que sejam
fornececidas informaces sobre como um determinado material se comporta quando
submetido a forcas externas (ALVES, 2003).

O conhecimento das propriedades reolégicas de um alimento é importante
para o controle de qualidade de um produto, dimensionamento de sistemas de
tubulacéo, trocadores de calor, filtros, bombas, calculos de engenharia de processos,
determinacdo das propriedades de ingredientes e, também para o estabelecimento da
correlacio entre perfil de textura de um alimento e seus atributos sensoriais
(CASTRO, 2004; DAK; VERMA; JAAFFREY, 2007; VASQUES, 2003).

Estudos tém estabelecido que as propriedades reoldgicas de geleia sdo
principalmente afetadas pela quantidade de acUcar adicionado, proporcdo e tipo de
agente geleificante, quantidade de polpa de fruta usada e temperatura do processo
(ABDULLAH; CHENG, 2001; ACOSTA; VQUEZ; CUBERO, 2008; GAJAR,;
BADRIE, 2002).

A reologia envolve diferentes propriedades ligadas & deformacdo de um
material, sendo que a principal é a viscosidade, que consiste na capacidade de um
liquido resistir ao fluxo induzido pela tenséo aplicada (cisalnamento) (VRIESMANN,
2008). A viscosidade pode ser determinada por viscosimetros ou redmetros e, 0s

resultados sdo usados para o controle de qualidade de um produto e para dar
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indicagdes sobre o impacto de uma formulacdo especifica de um produto num
processo industrial (MULLER, 1973).

O comportamento dos fluidos é descrito pelos modelos reol6gicos, que
relacionam tensdo de cisalhamento com a taxa de deformacéo e, estes sdo divididos
em newtonianos e ndo newtonianos. Os modelos hewtonianos sdo caracterizados por
uma relagdo linear entre tensdo de cisalhnamento e a taxa de cisalhamento aplicada,
dependendo apenas da temperatura e da composi¢do do fluido; sua viscosidade é
invaridvel quando a temperatura é constante (HAMINIUK, 2007; SCHUMACHER,
2009). Ja fluidos ndo newtonianos tém uma viscosidade que pode variar com a
alteracdo da taxa de cisalhamento ou tens&o de cisalhamento para formas diferentes de
fluidos (CASTRO, 2007).

No geral, produtos derivados de frutas e hortaligas sdo classificados como
sendo fluidos ndo newtonianos (MACEIRAS; ALVAREZ; CANCELA, 2007). A
escolha de um modelo é em funcéo das caracteristicas de cada tipo de fluido,
sendo que os modelos mais comuns séo: Lei de Newton (1), Lei da Poténcia (2)
e Herschel-Bulkley (3) (McCLEMENTS, 2005).

S=nxy (1)
& = k(y)™ (2]
& = B+ k(y)" (3]

Em que,
n = viscosidade do fluido (Pa.s); § = tensdo de cisalhamento (Pa); y = taxa de
cisalhamento (s?); k = indice de consisténcia (Pa.s"); n = indice de

comportamento de fluxo (adimensional).
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3.7.7 Sélidos soluveis, acidez titulavel e pH

Os solidos soluveis dos frutos dizem respeito a componentes sollveis
em 4agua, como acUcares, 4cidos, pectinas e vitaminas, principalmente o0s
primeiros, embora em limao e limas acidas haja predominancia de acidos. Em
geral, altos teores de sélidos sollveis se associam com maior dogura de frutos.

A quantificacdo do teor de solidos sollveis é importante para os frutos,
bem como para indUstria de processamento, pois as matérias-primas com teores
elevados de acucares e, consequentemente solidos sollveis, contribuem para
obteng&o de maior rendimento do processo (CHITARRA; CHITARRA, 2005).

A acidez é representada pelos &cidos organicos que se encontram tanto
na sua forma livre, como na forma combinada com os sais de ésteres e
glicosideos (CHITARRA; CHITARRA, 2005). De acordo com Cecchi (2003),
nos frutos sdo encontrados, principalmente, os acidos citrico, malico, tartarico e
acético. A acidez titulavel é facilmente determinada em frutos, bastando para
isso a titulagdo do suco ou homogenato do fruto com uma base de normalidade
conhecida. Em geral, quanto maior a acidez do fruto, menor o seu pH. Quanto
menor 0 pH de um alimento processado, menores as chances de contaminacéao

microbioldgica.

3.7.8 Compostos volateis

Os compostos volateis presentes em frutas, como em qualquer outro
alimento, séo responsaveis pelo seu aroma caracteristico, assim como interferem no
sabor. O aroma é um dos atributos sensoriais mais apreciados pelo consumidor.
Todavia, além da satisfacdo hedbnica, 0 aroma também pode desempenhar outras
fungBes relevantes, tais como: indicar o estado de conservagdo adequado e o estadio

de maturacdo desejavel, além de sinalizar perdas nutricionais decorrentes do
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processamento térmico de um alimento. Frente a isso, a caracterizagdo do perfil desses
compostos responsaveis pelo aroma é fundamental para a classificacdo da sua origem,
bem como para o controle de qualidade de frutas e de seus produtos derivados
(AGUIAR et al., 2014; KATAOKA; LORD; PAWLISZYN, 2000; PLUTOWSKA,;
WARDENCKI, 2007).

O aroma tipico de frutas e hortalicas resulta da combinacdo de substancias
volateis de diferentes fungBes quimicas com diferentes propriedades, tais como
ésteres, aldeidos, alcoois, acidos carboxilicos, cetonas, éteres e compostos
heterociclicos (CHITARRA; CHITARRA, 2005).

Entre esses compostos, alguns autores apontam que os ésteres, alcoois,
aldeidos e cetonas sédo os que mais contribuem com o aroma das frutas e hortali¢as
(MATHESIS; BUCHANAN; FELLMAN, 1992). Nas frutas, 0 aroma se desenvolve
no curto periodo de amadurecimento pleno, durante o qual, 0 metabolismo muda para
catabolismo de pequenas quantidades de lipidios (acidos, graxos), proteinas
(aminodcidos) e carboidratos, 0s quais sdo enzimaticamente convertidos em
compostos volateis (CHITARRA; CHITARRA, 2005; HEATH; REINECCIUS,
1986).

A composigdo quimica, incluindo a distribuicio de compostos volateis,
depende da espécie, condigbes ambientais e o estadio de maturacdo do fruto.
Diferengas qualitativas e quantitativas tém sido reportadas em muitas frutas,
dependendo do estadio de desenvolvimento (VENDRAMINI; TRUGO, 2000; VISAI;
VANOLL, 1997). Cada fruto possui um aroma distinto que resulta da combinagéo dos
volateis, assim como, da sua concentracdo e do limiar minimo de deteccao/percep¢ao
de cada composto pelo ser humano (HADI et al., 2013).

A biossintese dos compostos volateis envolve muitos caminhos que estdo em
acdo simulténea, inclusive com interag@es entre produtos das diferentes rotas (Figura
7) (RODRIGUEZ-AMAYA, 2003).
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Figura 7 - Esquema da biossintese de compostos volateis em frutas e hortalicas.
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Fonte: Chitarra e Chitarra (2005).

A mangaba € considerada como sendo uma fruta tropical com sabor e aroma
exotico. Sampaio e Nogueira (2006) estudaram os componentes volateis da mangaba,
em trés estadios de maturacdo (verde, de vez e maduro) e reportaram que 80% dos
compostos observados em frutos maduros foram ésteres (40,9%), alcoois (18,4%),
aldeidos (10,2%) e cetonas (9,7%). Num estudo recente sobre o perfil de volateis em
condicbes de armazenamento sob atmosfera modificada, Lima et al. (2015c),
identificaram 35 compostos, sendo os &lcoois mais predominantes (29,57%), seguido
de aldeidos e terpenos, ambos com 27,71%; hidrocarbonetos (11,42%), ésteres
(5,71%) e cetonas (2,85%) também foram identificados.

O desenvolvimento e aplicacdo de metodologias para determinacdo da
composicdo quimica dos compostos Vvolateis é uma tarefa dificil, pois 0 método para o

isolamento desses compostos deve ser simples, rapido, eficiente e de baixo custo,
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compreendendo uma Unica etapa que separe 0s componentes volateis da matriz do
alimento a0 mesmo tempo em que 0s concentra com a menor manipulagdo possivel
(COLLINS; BRAGA; BONATO, 2006).

Na analise dos compostos volateis, a preparacdo da amostra € uma etapa
crucial para obtencdo de informagdes representativas do odor caracteristico de uma
matriz, pois qualquer alteracdo causada na composicao dos volateis da amostra nessa
etapa ndo mais podera ser corrigida, por mais sofisticados que sejam 0s instrumentos
utilizados nas etapas subsequentes. No entanto, representar qualitativamente o aroma
original de uma determinada matriz é muito complicado, uma vez que 0s compostos
volateis apresentam diferentes propriedades quimicas e estdo presentes em
quantidades extremamente diminutas (MAMEDE; PASTOR, 2006). Entre vérias
técnicas utilizadas para a determinagdo de compostos volateis, destaca-se a
microextracdo em fase sélida (SPME).

A microextracdo em fase solida € uma técnica moderna amplamente usada
em combinagdo com cromatografia gasosa (CG) e cromatografia gasosa acoplada a
espectrometria de massa (CG-MS), usada na preparagdo de analitos que envolve
extracdo e concentracao de compostos volateis e semivolateis. Consiste em uma fibra
silica fundida recoberta com material polimérico, um sélido adsorvente ou uma
combinacdo dos dois, numa etapa de extracdo (ALPENDURATA, 2000;
KATAOKA; LORD; PAWLISZYN, 2000).

A técnica apresenta diversas vantagens, como simplicidade, auséncia de
solvente, rapidez, alto poder de concentragéo, possibilidade de trabalho com pequenas
quantidades de amostra, uso de aparelhagem em fase gasosa ou liquida (por contato),
fases solidas de natureza quimica distinta, elevada sensibilidade e reprodutibilidade,
baixo custo quando comparado com outras técnicas e facilidade de transporte do
material extraido para o cromatografo (AUGUSTO; VALENTE, 1998; KATAOKA,;
LORD; PAWLISZYN, 2000; PLUTOWSKA; WARDENCKI, 2007).
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A amostra é primeiramente colocada num frasco de vidro e selada com uma
tampa metélica. Antes do inicio da microextragdo, a fibra deve ser limpa com o
objetivo de remover e ativar o adsorvente. Apos a limpeza, a fibra é introduzida
posicionando-se no centro do espaco superior do vidro (headspace) sem permitir que
ela toque a amostra (ARAUJO, 2011; KATAOKA; LORD; PAWLISZYN, 2000).

A microextragdo baseia-se no equilibrio de particdo ou adsorcdo entre a fibra
e as concentracdes do analito no seu headspace. Quando o equilibrio € atingido, a
quantidade de composto extraido é proporcionalmente relacionada a afinidade com a
fase da fibra e sua concentragdo no analito. Em seguida, os compostos séo dessorvidos
termicamente, separados, identificados e quantificados posteriormente (ARTHUR et
al.,, 1992; YANG; PEPPARD, 1994).

3.7.9 Qualidade sensorial

A analise sensorial é definida pela Associagdo Brasileira de Normas Técnicas
- ABNT (1993), como uma ciéncia gque procura evocar, medir, analisar e interpretar
reacOes dos atributos dos alimentos como sdo percebidos pelos sentidos da viséo,
olfato, gosto, tato e audic&o.

E uma ferramenta de grande valia, sobretudo para as indstrias de alimentos,
que buscam constantemente recursos para identificar e atender as necessidades dos
consumidores em busca de novos produtos efou produtos com qualidade superior
(MINIM, 2006).

Um produto alimenticio tem como destino final o consumidor, logo, a
aceitacdo ou preferéncia dos alimentos é melhor avaliada quando o proprio
consumidor faz parte desse processo e a andlise sensorial permite esse elo entre o
consumidor e o produto, fornecendo informacgdes preciosas que vao influenciar sua
posicdo no mercado, uma vez gque para o consumidor ndo basta que o produto tenha

excelentes caracteristicas quimicas, fisicas ou microbioldgicas, se os atributos
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sensoriais desse produto ndo satisfazem suas necessidades e anseios (ABDULLAH;
CHENG, 2001; MINIM, 2006).

Os testes de aceitacdo avaliam o produto ou produtos numa escala de
aceitabilidade e ordenam ou avaliam os principais atributos que determinam a
aceitacdo do produto (STONE; SIDEL, 2004). Ja a inten¢do de compra é um processo
decisério complexo, influenciado por vérios fatores, sendo as caracteristicas sensoriais
determinantes na sua decisdo (GUERRERO et al., 2000).

No teste de aceitagdo, o provador utiliza uma escala hedbnica para expressar
a aprovagdo do produto. As amostras sdo apresentadas de maneira inteiramente ao
acaso aos provadores e perguntam-lhes sobre a aceitagdo entre elas; baseados na
escala dos atributos os provadores sinalizam se gostam ou desgostam do produto. Os
principais parametros observados séo cor, textura, sabor e aspecto global do produto.
O teste de intencdo de compra é similar ao teste de aceitagdo, podendo reduzir o
tamanho da escala hed6nica e a resposta abrange desde certamente compraria ao
certamente ndo compraria (DUTCOSKY, 2011).

A utilizacdo da andlise sensorial esboca a percepc¢do do cliente e assim sera
obtido o produto com a melhor qualidade gustativa para as demais analises a serem
realizadas (STONE; SIDEL, 2004).

3.7.10 Segurancga microbioldgica

Nos ultimos anos, a seguranga alimentar € um dos mais importantes temas
constantemente discutidos por Vvarias organizag@es internacionais, incluindo 6érgaos
governamentais do Brasil (VILAS BOAS; BATISTA, 2014).

A seguranca do alimento é definida como sendo a estimativa de presenca de
perigos em um determinado produto e as a¢des que séo levadas a cabo para minimizar
a probabilidade de ocorréncia desses perigos, podendo ser agrupados em trés

categorias: fisicos (ex. sujidades, insetos), bioldgicos (microrganismos patogénicos) e
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quimicos (ex. substancias tdxicas naturais presentes no alimento, residuos de
defensivos agricolas) (CHITARRA; CHITARRA, 2005).

O controle de qualidade sanitaria em alimentos é realizado, principalmente
por meio da pesquisa de microrganismos indicadores que, quando presentes, podem
fornecer informag@es sobre as condicdes sanitarias de produgdo, do processamento, ou
armazenamento, assim como possivel presenca de patdgenos e a estimativa da vida
(til do produto ou seguranga. Os principais grupos de microrganismos indicadores de
qualidade incluem os coliformes e aer6bios mestfilos (FRANCO; LANDGRAF,
2003; JAY, 2005).

Os coliformes totais, ou coliformes a 35 °C, sd0 microrganismos pertecentes a
familia Enterobacteriaceae representados pelos géneros Escherichia, Enterobacter,
Citrobacter e Klebsiella. S&o bastonetes Gram-negativos que apresentam a capacidade
de fermentar lactose produzindo &cido latico e gas carbdnico dentro de 48 horas ap6s
incubago a 35-37 °C (JAY, 2005; MORAIS et al., 2010).

Esses microrganismos indicam o nivel de contaminacdo ambiental que o
alimento agregou; sdo sensiveis ao calor e sua presenca em produtos tratados
termicamente indica contaminacdo apds 0 processo, 0 que evidencia préaticas de
higiene e sanitizagdo abaixo dos padrbes requeridos para 0 processamento de
alimentos (FRANCO; LANDGRAF, 2003; JAY, 2005).

Os coliformes termotolerantes ou coliformes a 45 °C correspondem aos
coliformes totais que continuam fermentando lactose com producéo de gas carbdnico
dentro de 24 horas apds incubacdo a 45 °C. Sua presenca indica uma possivel
contaminagdo de origem fecal e eventual ocorréncia de enteropatdgenos ou possivel
deterioracéo potencial de um alimento (GEUS; LIMA, 2006; JAY, 2005).

A contagem de microrganismos mesofilos aerdbios detecta em um alimento o
nimero de bactérias presentes, tanto na forma vegetativa quanto esporulada, que se
desenvolvem a uma temperatura entre 35 e 37 °C. O nimero de meséfilos aerdbios

contados indica se a limpeza, a desinfecgdo e controle da temperatura durante o
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processamento, transporte e armazenamento foram realizados de forma adequada.
Também se deve considerar que todas as bactérias patogénicas de origem alimentar
sdo mesofilas, e, portanto, uma alta contagem de microrganismos mesofilos aerébios
pode significar que houve condi¢Bes para o crescimento de patdégenos (FRANCO;
LANDGRAF, 2003; JAY, 2005).

A analise de fungos e leveduras é, geralmente, feita em alimentos acidos, com
pH abaixo de 4,5 e sua presenca em nimeros consideraveis pode fornecer informacoes
sobre falhas tanto no processamento quanto nas condi¢des de armazenamento, 0 que
pode levar a reducéo da vida util do produto (DAMIANI, 2009).
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4 CONSIDERAGOES FINAIS

De uma maneira geral, o processamento da polpa de mangaba
influenciou significativamente todas as variaveis analisadas, com uma reducéo
dos parametros fisico-quimicos, composicao nutricional, exceto o teor de sélidos
sollveis totais, extrato livre nitrogenado (ENN), valor energético total e pectina
total que aumentaram significativamente com o0 processamento. lgualmente,
houve uma reducdo significativa dos compostos bioativos e a capacidade
antioxidante. No entanto, 0s compostos Vvolateis aumentaram com o
processamento, principalmente os alcoois. Entre os dois fatores avaliados,
apenas o tempo afetou significativamente (p<0,05) a qualidade da geleia
também com uma reducdo geral de todas as variaveis analisadas, com a exce¢do
de cinzas, fibra alimentar total, elasticidade, cor, aroma e alguns compostos

fendlicos e volateis.
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ABSTRACT: The brazilian cerrado is rich in exotic fruit species with peculiar
sensory attributes and good source of nutrients, but its potential has not been
exploited. Since many types of these fruits are seasonal, jam production is a
promising alternative for expanding the consumption and adding their economic
value. The aim of this study was to evaluate the impact of processing,
packaging material (amber and clear glass jars) and storage time on the quality
of mangaba jam. Microbiological, physicochemical, texture profile analysis,
rheological properties and sensorial quality characteristics of the sample were
assessed during 12 months of storage time. Results showed that processing of
mangaba fruit pulp into jam affected many of the parameters evaluated. Among
the two factors studied in this work it was observed that only the storage time
significantly (p<0.05) influenced jam quality. However, no significant different
were found for ash, dietary fiber, springiness and some sensory attributes (color
and flavor) over the storage time. Data from microbiological analysis showed
that all the parameters were within the standards established by legislation.
Although the changes occurred after processing and during storage time, the
jam presented a good quality and good sensory acceptance. Therefore, this jam
can be stored for up to 12 months and still consumed safely.

INDEX TERMS: Cerrado; Hancornia speciosa; Processing; Storage; Quality.
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RESUMO: O cerrado brasileiro € rico em espécies consideradas exéticas com
atributos sensoriais peculiares e boas fontes de nutrientes, mas o seu potencial
ainda ndo foi explorado. Considerando que muitas das espécies sdo sazonais, 0
processamento de geleia afigura-se como uma alternativa promissora para a
expansdo do seu consumo e agregacdo do valor econdmico. O objetivo do
presente estudo foi avaliar o impacto do processamento, tipo de embalagem
(vidro &mbar e vidro transparente) e o tempo de armazenamento sobre a
qualidade de geleia de mangaba. As caracteristicas microbiolégicas, fisico-
quimicas, andlise de perfil de textura, propriedades reoldgicas e atributos
sensoriais foram avaliadas durante 12 meses de armazenamento. Resultados das
analises mostraram que o processamento da polpa de mangaba afetou a maioria
dos pardmetros analisados. Dentre os dois fatores estudados, foi observado que
apenas o tempo de armazenamento influenciou significativamente (p<0.05) a
qualidade da geleia. Entretanto, ndo houve diferenca significativa para as
variaveis cinzas, fibra alimentar, elasticidade e alguns atributos sensoriais (cor e
aroma), ao longo do tempo de armazenamento. Os resultados da analise
microbioldgica mostraram que os todos 0s seus parametros estiverem dentro
dos limites estabelecidos pela legislacdo vigente. Apesar das alteragdes
observadas logo ap6s o processamento e durante o tempo de armazenamento, a
geleia apresentou uma boa qualidade e boa aceitagdo sensorial. Portanto, esta
geleia pode ser armazenada durante 12 meses, e ser consumida sem nenhum
risco de seguranca.

TERMOS PARA INDEXA(;AO: Cerrado; Hancornia  speciosa;
processamento; estocagem, qualidade.
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INTRODUCTION

Brazil, due to its continental geographic dimensions has the largest
biodiversity in the world. The Brazilian savannah, most known as “cerrado”, is
the second largest biome in South America (the largest biome is the Amazon
rainforest). It covers 22% of the Brazilian territory and is present in nine
Brazilian states, including Minas Gerais (SILVA et al., 2003; VIEIRA et al.,
2006). The Cerrado biome presents a huge variety of native and exotic fruit
species with attractive features, colors and flavors.

Those fruits which are little explored scientifically and commercially,
represent potential interest to the agroindustry, possible future source of income
for the local population and, an opportunity for local growers to gain access to
special markets where consumers are interested in unique products and in food
characterized by high amount of bioactive compounds (ALVES et al., 2008).
Among these native and exotic fruit species, the Hancornia speciosa Gomes
(Apocynaceae), whose fruit is popularly known as “mangaba”, which in the
native language means “thing good for eating”, is a plant species found in the
Brazilian Cerrado (FERREIRA et al., 2007; VIEIRA et al., 2006).

The mangaba fruit is an ellipsoid berry that when mature has yellow
skin with or with-out red pigmentation and with a yellowish exocarp and red
stripes or spots (VIEIRA et al., 2006). Its pulp is whitish, fleshy, viscous, sweet
and slightly acid. Although this fruit remains unexplored, it is greatly
appreciated by consumers and has great potential and interest to the
agroindustry for the development of products such as ice cream, cookies, syrup,
juice, wine, liquor, jam, fruit compotes, alcohol, and vinegar and generate
income, especially for socially vulnerable families (CLERICI; CARVALHO-
SILVA, 2011; MORAES et al., 2008; OLIVEIRA et al., 2012).

Mangaba fruit is a potential source of some micro and macro minerals,

especially those of potassium, iron and zinc (LIMA et al., 2015a). In addition to
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essential nutrients, mangaba fruit contain a wide diversity of bioactive
compounds that have been implicated in having beneficial health effects against
cardiovascular disease, cancer, inflammation, obesity, diabetes and other
chronic diseases. These compounds include vitamin C, B-carotene, B-
cryptoxanthin, o-tocopherol, a-, B- and y-tocotrienols and phenolics
(CARDOSO et al., 2014; LIMA et al., 2015a). Among these bioactive
compounds, phenolic molecules have been receiving greatest attention due to
their abundance and diversity in mangaba fruit. The major classes of phenolics
found in mangaba fruit are flavonoids (catechin and rutin) and non-flavonoids
(gallic acid, chlorogenic acid, vanillic acid, o-coumaric acid, and rosmarinic
acid) (LIMA et al., 2015a, 2015b).

The synergistic action between these compounds contributes to its high
antioxidant capacity and other biological activities (LIMA et al., 2015a, 2015b;
RUFINO et al., 2010). Furthermore, a recent study conducted by (LIMA et al.,
2015a) emphasizes the food functional potential of mangaba fruit and revealed
scientific evidence of its antimutagenic and protective effect, observed through
a multi-endpoint assay in mice. However, mangaba fruit is seasonal and present
high postharvest respiration rate that contribute significantly to their nutritional
and microbiological deterioration, resulting in short shelf-life and reduced
quality and health benefits.

Due to the fact that these fruit are highly perishable it becomes
important the development of techniques that regulate and increase the
marketing period of mangaba as well as aggregate economic value to the fruit.
Among the various techniques employed in the exploitation of fruits, jam
processing is one of the popular methods to preserve perishable fruits and has
been very used due to single procedures that are involved in the manufacturing
of this product (GRANADA et al., 2005; KANSCI; KOUBALA; LAPE, 2003;
NACHTIGALL et al., 2004).
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Due the fact that jam processing involves thermal processing, it is
known that quality parameters of fruit jam, such as color, levels of ascorbic
acid, titratable acidity and soluble solids, texture profile and rheological
properties and nutraceutical content, can be affected during processing and
storage (KVIKLIENE; KVIKLYS; VISKELIS, 2006; PATRAS et al., 2010;
WICKLUND et al., 2005). The shelf life of jam can be further increased by
using suitable packaging material. Packaging materials and storage conditions
play an important role in enhancing the shelf-life of processed products and act
as barrier against air borne contamination and loss or gain in moisture, thus
ensuring the retention of all the desirable quality of the product during storage
(SATISH et al., 2014). Aiming to stimulate the cultivation and consumption of
brazilian native species fruits, offering alternative foods that contribute to
overall health, the objective of this study was to develop mangaba jam and
assess the impact of processing and packaging material (amber and clear glass
jars) on microbiological, physicochemical, texture profile analysis, rheological
properties and sensorial quality of the jam, during 12 months of storage.

MATERIAL AND METHODS

Fruits and extraction of pulp

The ripe mangaba fruit (Hancornia speciosa) used for this study was
harvested from different trees at the characteristic area of Cerrado (savannah-
like vegetation) in Curvelo Town, Minas Gerais State, Brazil (latitude 18° 45’
23" S, longitude 44° 25’ 51” W and altitude 632 m). The fruits were transported
in polystyrene boxes to the Vegetable Postharvest Laboratory of the Federal
University, within 24 h after harvest. The fully ripe healthy and fresh mangaba
fruit were washed thoroughly with potable water and sanitized with sodium

dichloroisocyanurate (Hidrosan®) 200 mg L* for 15 minutes. The fruits were
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crushed in skin and strained to separate the seeds and pulped with the use of
stainless steel spoons. Then, the seedless pulp was stored in freezer at -18°C

until processing.

Jam Processing

The jam was processed in the pilot plant at Food Science Department of
Federal University of Lavras, in 3 batches, according to the procedure described
by Jackik (1988). Ingredients were pre-weighed and kept separate. After that,
the high-methoxy commercial pectin (Vetec ®) was premixed with a portion of
the sugar to properly disperse the pectin. Jam formulation expressed relative to
total weight was 50% pulp and 50% sugar. In this study, 2000 g of pulp, 2000 g
of sugar and 20 g of pectin were used to elaborate mangaba jam in each batch.
Initially, sugar was added to the pulp, and with continues manual agitation, the
mixture was boiled at low heat in an open stainless steel pan (approximately
100 to 105° C final boiling point) and the sugar premixed with pectin was then,
added until obtaining the final concentration around soluble solid value of
67,5%, reading in manual refractometer with a scale from 0 to 90 °Brix. The
total time of cooking was approximately 40 min. Subsequently, the jam was
hot-packed at 80°C in 40 ml amber and clear glass jars with the same quantity,
immediately sealed with metal cover and inverted for 5 min to sterilize the glass
containers. Then, they were returned to normal position and conditioned at
room temperature (22 + 2 °C, 72 + 11% RH) until analysis.

Analysis

The chemical and physicochemical characteristics were determined in
fresh pulp in four repetitions and, in mangaba jam according to the experimental
design. The analyses of the moisture, protein (nitrogen conversion factor of 6.25

total protein), fat, dietary fiber, and ash contents were performed according to
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the Official Methods of Analysis (ASSOCIATION OF OFFICIAL
ANALYTICAL CHEMISTS - AOAC, 2012). The nitrogen-free extract (NFE)
of the samples was obtained subtracting the values obtained in previous
analyses of 100g of the product, in fresh mass. The energy value was estimated
using the Atwater conversion values described by Wilson, Santos and Vieira
(1982) and the results expressed in kcal/100 g based in fresh matter.

Titratable acidity, soluble solids, pH and water activity were determined
according to Adolfo Lutz Institute (2005). Total pectin was extracted as
described by McCready and McComb (1952) and were quantified as percentage
of galacturonic acid, according to the colorimetric method described by Bitter
and Muir (1962). Color was determined using a CR-400 colorimeter (Konica
Minolta, Tokyo, Japan) which provide CIE L*, a*, b*, C* and °h values. The
instrument was calibrated using ceramic plate and illuminant D65. The values
were measured directly by adding enough jam to cover the bottom of glass
sample cup.

The texture profile analyses (TPA) were performed directly in the glass
jar containing jam (height: 50.50 mm, diameter:100.70 mm) at room
temperature using a Texture analyzer (model TA-XT2i, Stable Micro Systems,
United Kingdom) with a 5 kg load cell and a 20 mm diameter cylindrical
aluminum probe in penetration mode. Measurements were conducted under the
following conditions: pre-test speed of 2.0 mm/s, a test speed of 1.0 mm/s, a
post-test speed of 10.0 mm/s, compression distance of 10.0 mm, deformation
level 50 % and time between compression cycles of 5.0 s. From TPA curve,
texture parameters such as hardness, cohesiveness, adhesiveness, springiness,
chewiness and gumminess were determined using Texture Exponent 32
software (Version 4.0.5.0).

The rheological properties and apparent viscosity of the jam sample

were determined by using stress rheometer (HAAKE Rheo Stress 6000, Thermo
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Fisher Scientific, German) which was attached to temperature control system
(HAAKE UTM, Thermo Fisher Scientific). Parallel plate geometric
configuration with 34.997 mm of diameter and 2mm of gap was used for the
rheological analysis. In order to eliminate the influence of time (thixotropic),
the flow behavior of the jam was assayed by an up-down-up steps program
using shear range from 0 to 200s for each sample. The rheological tests were
carried out at 20°C in triplicate. The apparent viscosity was investigated at shear
rate of 100s* (McCLEMENTS, 2005). Data from the curve of relationship
between the shear rate and shear stress were fitted to three rheological models
namely, Newton’s law, Power Law, and Herschel-Bulkley. The best model
describing the rheological behavior of the mangaba jam was selected from the
highest coefficient of determination (R?) and sum of square errors (SSE).

Microbiological analysis was performed according to International
Commission on Microbiological Specifications for Foods - ICMSF (1982). The
analysis was based on coliform incubated at 35 °C and 45°C for 48h,
filamentous fungi, yeasts and Salmonella sp. Coliforms were determined using
the MPN (Most Probable Number) and the standard filamentous fungi and
yeasts were performed by total plate count.

The sensory evaluation was carried out for each time of analysis, in the
laboratory of Sensory Analysis at the Food Science Department of the Federal
University of Lavras. Acceptance and purchase intent tests were performed as
proposed by Meilgaard, Civille and Carr (1991) and by Stone and Sidel (2004).
These tests assessed color, texture, taste, flavor, and overall acceptability using
a hedonic scale of 9 points (1 = dislike extremely 9 = like extremely) for
acceptance, and a hedonic scale of 5 points (1 = not buy certainly 5 = buy
certainly) for purchase intent. The jam was evaluated by 500 untrained panelists
(100 in each time of analysis) with age ranged from 18 to 60 years old (males

and females), randomly selected on the basis of their regular consumption of
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fruit jams and jellies. Each jam treatment coded with random 3-digit number
was served to the panelists on slices of wheat toast Fhorm® (4g/sample). For the
sensory analysis, the project was first approved by the Ethics Committee in
Research with Human Beings Sector at the Federal University of Lavras, and it
is duly registered at SISNEP- National System of Ethics in Research.

Data were analyzed using the SISVAR statistical package (FERREIRA,
2011). Analysis of variance (ANOVA) was performed using a simple
completely randomized (CRD) factorial design with two factors including
package (amber and clear glass jars) and storage time (0, 3, 6, 9, and 12
months). Polynomial regression models were selected based on the F test and
coefficient of determination (R?); statistical significance was set at p<0.05. All
analyses were carried out in four (4) repetitions and each sample consisted of
80g of jam (two glass jars of 40 ml each).

RESULTS AND DISCUSSION

From data presented in Table 1 is clear that the transformation of fruit
pulp into jam had significantly (p<0.05) influence in all variables studied. There
was a decrease in the contents of moisture, fat, protein, ash and total dietary
fiber, pH, water activity, value L*, C* and °hue and, an increase of soluble
solids, total pectin, soluble pectin, titratable acidity, nitrogen-free extract(NFE)
and total energy value. These changes in physicochemical properties are
expected since during processing, heating can result in disruption of cell
membranes, enzyme inactivation, texture change of fruits, and unavoidable
leaching of water-soluble compounds which could alter the quality parameters
of fruit products, such as color, fat, acidity, soluble solids, texture, pH, total
acidity among others which are usually affected by processing and storage
(HOWARD et al., 1999; KVIKLIENE; KVIKLYS; VISKELIS, 2006; LEONG;
OEY, 2012; WICKLUND et al., 2005).
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The moisture content of mangaba pulp (Table 1) decreased significantly
after jam processing from 80,55 to 29,26 g.100g* and increased (Figure 1)
during storage time from 29,26 to 32,29 ¢.100g™. The results obtained in this
study are in complete agreement with those reported by Mota (2006) and
Zambiazi, Chim and Bruscatto (2006) who observed decreasing trend in
moisture content after jam processing and increasing during storage time of
blackberry and strawberry jellies, respectively. The reduction in moisture
content during processing could be due to the concentration of ingredients
during the formulation of product. According to Venir et al. (2007), the increase
in moisture content, sometimes could be attributed to either the inappropriate
packaging materials (such as packaging not closing tightly), the nature of the
packaging material itself in terms of moisture permeability or the change in the
structure of the sample. Although Venir et al. (2007) have reported that
inappropriate packaging materials can affect the moisture content, in this
present study, since the glass containers used to pack the samples are considered
to be hermetically sealed containers with efficient physical barrier, thereby
avoiding gas exchanges between the products and the environment
(AZEREDO; BRITO; GARRUTI, 2012), the increase in moisture content may
be associated to the change in jam structure, mainly sucrose hydrolysis with
liberation of water molecule (QUAST, 1986).

The fat content when compared with mangaba fruit pulp decreased
significantly (p<0.05) after jam processing by 76%, also during storage time
and the values ranged from 0.45 to 0.12 ¢.100g* (Figurel). This decrease can
be attributed to the thermal degradation of fatty acids at higher temperatures and
oxidation during storage time, resulting in the formation of volatile compounds
among which many have an unpleasant odor and are responsible for flavor
problems in food (GROSCH; WIDDER; SEN, 1992).
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Protein content after jam processing decreased from 1.35 to 0.92
g.100g* and, also during storage time from 0.92 to 0.60g.100g*, although no
significant differences were observed considering the standard deviation.
According to Whitaker (1981), during heat treatment proteins undergo
denaturation/degradation and thus reduction in the protein content. Also, this
loss is probably due mainly to the intervention of amino acid in non-enzymatic
browning process (BUEDO; ELUSTONDO; URBICAIN, 2000).

Ash levels in a food product represent inorganic residue remaining after
destruction of organic matter (VIDHYA; NARAIN, 2011; PAVLOVA et al.,
2013). Ash levels decreased significantly (p<0.05) after jam processing by 38%
(Table 1) whereas no significant (p>0.05) reduction was observed during 12
months of storage and the mean value was around 0.179.100g™. Similar
observation was found by Damiani et al. (2012), who reported no significant
change in ash content during storage of a mixed araca and marolo jam. In
addition, Pavlova et al. (2013) did not also found change in ash content during
the storage of raspberry and peach jams.

The total dietary fiber levels when compared with mangaba fruit pulp
decreased significantly (p<0.05) after jam processing by 54.7% and during
storage did not change significantly. The levels of total dietary fiber found in
this work were lower than 69.100g™* and 3g.100g™, which are the minimum
values established by Brazilian legislation and the Codex Alimentarius standard
for liquid and solid foods, respectively (AGENCIA NACIONAL DE
VIGILANCIA SANITARIA - ANVISA, 1998; CODEX ALIMENTARIUS
COMMISSION - CODEXSTAN, 2009). According to Dhingra et al. (2012) the
decrease of total dietary fiber after processing might be to enzymatic and
thermal treatments, which directly or indirectly affect the composition of total
fiber. Dietary fiber comes from the portion of plants that is not digested by

enzymes in the intestinal tract and their amount and kind vary in different types
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of fruits and vegetables. Fiber includes pectin, gum, mucilage, cellulose,
hemicellulose and lignin (BIRCH; PARKER, 1983). According to well-
documented studies, it is now accepted that dietary fiber plays a significant role
in the prevention of several diseases, and that diets with a high content of fiber,
such as fruits and vegetables, have a positive effect on health since its
consumption has been related to a decreased incidence of several types of
cancer, prevention and treatment of constipation, hemorrhoids and diverticulosis
as well as decrease of blood cholesterol (BEECHER, 1999; JIMENEZ-
ESCRIBANO et al., 2001; THEUWISEN; MENSINK, 2008).

Total pectin results after processing and during 12 months of storage are
presented in Table 1 and Figure 1, respectively. Total pectin ranged from 0,75
to 6,959.100g* (Tablel), and decreased sharply (p<0.05) during storage time
(91%). The increase in pectin content is related to addition of pectin during the
formulation of the product. Similar to this findings, other authors reported
decreasing of pectin content during storage of fruits products (ARADHITA;
GUPTA; DHAWAN, 1996; KUCHI et al., 2014; PAUL et al., 2007). The
decrease in pectin content is probably due to oxidation of pectin to pectin acids
and further in to uronic acids (KUCHI et al., 2014).

The Aw values (Tablel) after processing was decreased significantly
(p<0.05) from 0.98 to 0.88 and during storage time was decreased in range from
0.88 to 0.84 (Figure 1). These findings agreed with those of Mesquita et al.
(2013) who reported a significant reduction in Aw of guava diet jams over a
180-day storage period. According to Mesquita et al. (2003) and Zambiazi,
Chim and Bruscatto (2006), the reduction of water activity value can help to
control the growth of bacteria, yeasts and molds. In addition, Broomes and
Badrie (2010), support that water activity determine the lower limit of water for
microbial growth. In general, the minimum limit for molds and yeast growth is

0.8 and 0.85, respectively. However, considering the results obtained in this
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work, the mangaba jam was not self-preserved because the water activity values
are not low enough to control microbial growth or chemical reactions. The
principal microbiological problems are molds and yeast, not bacteria. The
reduction in water activity values observed in this work might be due to
addition of sugar during formulation of the product. According to Splittstoesser
(2004), sugar is a good depressor of water activity, and other water binding
components in formulated products make an important contribution in
decreasing water activity.

The pH and level of acidity in fruit pulp are important physicochemical
parameters which affect product quality; to a large extent, pH together with
acidity influence gel formation in jams and jellies and acidity also protects
against the development of microorganisms (TOUATI, N. et al, 2014). pH
values and titratable acidity after processing ranged from 3.31 to 3.40 and 1.36
to 0.87 g.100g?, respectively (Table 1). During storage time (Figure 2), there
was a decrease in pH value and increase in titratable acidity and, the values
ranged from 3.40 to 3.27 and 0.87 to 0.929.100g7, respectively. These results
are in complete agreement with other authors (AKHTAR et al., 2010; BAJWA
et al., 2003; HUSSAIN; SHAHIR, 2010; KHAN et al., 2012; MUHAMMAD et
al., 2008; SOGI; SINGH, 2001; SOUAD; JAMAL; OLORUNNISOLA, 2012;
TOUATI et al., 2014). The increase in titratable acidity and decrease in pH may
be due to formation of hydroxymethylfurfural (HMF) by hydration of sugar
during processing and storage which lead to conversion of HMF into levulinic
and formic acids (LEBLANG et al., 2009). In addition, this increase in titratable
acidity and decrease in pH might also be due to ascorbic acid degradation,
hydrolysis of pectin or degradation of polysaccharides and oxidation of
reducing sugar (BAJWA et al., 2003; HUSSAIN; SHAHIR, 2010; SOUAD;
JAMAL; OLORUNNISOLA, 2012). Despite of the variations in pH and

titratable acidity during storage time, the values are in line with the standard
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value of good quality jam and also in accordance with previous studies reported
by Jackix (1988) and Lopes (2007) who consider that the optimum pH and
acidity for gel formation range from 3.0 to 3.4 and 0.5 to 0.8 g.100g7,
respectively. According to Elistiasih and Ahmad (2009), if the pH is too high, it
causes rigidity to gel, whereas if the pH is too low cause syneresis.

Sugars are the most important constituents of fruit product and are
essential factor for the flavor of the food product and act as a preservative to
inhibit the growth of microorganisms because it increases the osmotic pressure
with a consequent reduction in the water activity; it also makes gelation of
pectin possible (FERREIRA et al., 2004; HYVONEN; TORMA, 1983;
PAVLOVA et al., 2013). Total soluble solids increased significantly (p<0.05)
after jam processing (by 241%) when compared with mangaba fruit pulp. This
increase in total soluble solid content is related to addition of sugar during the
formulation of product. The total soluble solids contents also increased
significantly during storage period from 64,52% (zero time) to 66,25% (9
months) followed by slight decrease, 65,94%, up to the 12 month. This increase
in total soluble solids is probably due to the hydrolysis of polysaccharides such
as starch, pectin from pulp and inversion of sucrose into simple sugars (glucose
+ fructose) with increase in acidity and decrease in pH during storage time
(IMTIAZ; IFTIKHAR, 2010; MGAYA-KILIMA et al., 2014, MUHAMMAD
et al., 2008). These results were well supported earlier by Riaz, Mohyuddin and
Al Hag (1999) who observed increase in total soluble solids of strawberry jam
during 3 months of storage. In another study Ehsan et al. (2002) reported an
increase in total soluble solids of watermelon lemon jam from 68.6 to 68.9%.
According to Pavlova et al. (2013) the reduction of soluble solids contents could
be due to the contribution of the reducing sugars to non-enzymatic browning
phenomenon and Hydroxymethylfurfural (HMF) formation. However, the

changes in the total soluble solid contents found in this study during storage
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time, were according to the value imposed by Codex Alimentarius Standard
(CODEXSTAN, 2009) which set 60 % as minimum limit of soluble solids for
fruit conserves or preserves.

Nitrogen-free extract (NFE) which represent mainly carbohydrates and
in case of mangaba jam it indicate sugar, increased significantly after jam
processing from 11.89 to 66,95 g.100g* and during storage time was found to
decrease from 66.95¢9.100g(zero time) to 65.579.100g°1(9 months) followed by
an increase, 66.90g9.100g* for the rest period of storage. The increase in NFE
content after processing can be due to addition of sugar during the formulation
of product. The reduction observed during storage time might be due to the
contribution of the reducing sugars to non-enzymatic browning phenomenon
and HMF formation during storage time while the increase can be attributed to
the inversion of sucrose to reducing sugar (PAVLOVA et al., 2013).

Total energy value after jam processing was found to significantly
increase (296.89%) and during storage time decreased from 277.19 kcal.100g
Y(zero time) to 266.91 kcal.100g*(9 months) followed by an increase,
271.059.100g* during the rest period of storage. The increase in total energy
value after jam processing can be due to addition of sugar during the
formulation of product and the reduction during storage time could be probably
due to the contribution of the reducing sugars to non-enzymatic browning
phenomenon and HMF formation during storage time while the increase can be
explained by the inversion of sucrose to reducing sugar (PAVLOVA et al.,
2013).

Color is one of the most important parameters to which consumers are
sensitive when selecting foods (TOUATI et al., 2014). From results (Table 1) it
can be noticed that all variables color (L*, C*, and °hue) were significantly
(p<0.05) affected by processing and storage time, the most important being L*

values. After processing L* values decreased from 60.46 to 37.26 and during
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storage time decreased in range from 37.26 to 33.3 (Figure 3). Lightness (L*)
has been used by several authors as an indicator of fruits and vegetable
deterioration (MASTROCOLA; LERICI, 1991). In this present work, the
reduction of lightness values indicate that the jam was losing its particular color
from initial yellow to reddish tones, probably due to the formation of brown
pigments, for example hydroxymethylfurfural (HMF) by Maillard reaction and
during ascorbic acid oxidation (CHAUHAN et al., 2013; FENNEMA, 2000;
TOUATI et al., 2014). Similar results were reported by Damiani et al. (2012)
during storage of a mixed araca and marolo jam. In addition, Alves de Oliveira
(2015) observed a significant decrease of lightness during storage of diet umbu-
caja jams stored under room temperature. The chroma (C*) and °hue values also
decreased significantly (p<0.05) after jam processing, by 22.22% and 10.77%,
respectively, and decreased during storage time from 31.80 to 27.91 and 76.34
to 6. The explanation for this reduction could be due to pigment degradation.
According to Rein and Heinonen (2004) the noticeable color of mangaba jam
depends on the relative amount of red and yellow, which is expressed as °hue,
whereas the chroma (C") value describe saturation or color intensity, in which
jam with higher chroma (C*) value are brighter and consequently more
attractive (KIRCA; OZKAN; CEMEROGLU, 2007). Thus, the reduction in hue
and C” values would also indicate a change in color towards a more red-brown
color.

With respect to microbiological analysis of jam, results (Table 2)
showed that no detectable Salmonella sp. or coliforms at 35°C or 45 °C was
observed during 12 months of storage period. The only microorganisms found
were fungi and yeasts. However, the number of present microorganisms (fungi
and yeasts) were within the permissible limits according to the regulation on
microbiological criteria for foodstuffs imposed by RDC n° 12 (ANVISA, 2001)
and World Health Organization - WHO (1994), which establish a maximum
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viable count of 10,000 CFU.g* for fungi and yeasts in cooked food like jam.
Thus, these findings suggest that the jam was processed under good conditions
prescribed in the Regulation for special security requirements during food
processing. Splittstoesser (1996) reported that when a fruit pulp is heated after
sugar content is increased, the effect of temperature will act synergistically on
the microorganisms, preventing multiplication, spore formation, and toxin
formation. In addition, high levels of sugar added to fruit pulp may also result in
some osmotic dehydration of microorganisms, which can affect their biological
functions.

Regarding to sensory evaluation, it was noticed that among 500
panelists (100 in each time of analysis) who took part at the analysis 64,6%
were female and 35,4% male. The results (Figure 3) also showed that the mean
scores of sensory attributes in respect of taste, texture and overall acceptability
were significantly (p<0.05) affected by storage time, whereas no significant
difference during 12 months was observed for color (7.31) and flavor (7.17). In
general, the means scores for taste ranged from 7.17 to 7.57 throughout the
storage time. It was noticed that taste scores increased (7.89) up to 6 months of
storage and then decreased during the rest period of storage. The texture mean
score was increased to maximum score (7.86) up to 3 months of storage time
and then decreased (7.72) up to 9 months, followed then by slight increased
until the end of storage time. With respect to overall acceptability and purchase
intention during the storage period, the panelists allocated scores means around
(7.6) for overall acceptability which in concept is between “I like moderately”
and “I like very much” and for purchase intention around (4.0) which mean “I
would probably buy”. The overall acceptability mean score in general was noted
to range from 7.33 to 7.54. It was observed that the overall acceptability score
was increased to maximum score (7.85) up to 6 months and then decreased with

the advancement of storage time. Despite of changes observed in the sensory
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attributes during storage time, findings obtained from this study suggest that
mangaba jam presented a good sensory acceptance and high purchase intent of
consumers, thereby indicating that this fruit has a potential for industrialization
and consumption.

The data on texture profile analyses (TPA) of mangaba jam during
storage time of 12 months are presented in (Figure 4). The TPA can be
considered as an imitation of the mastication operation and may be used to
predict the behavior of a semi solid food in the mouth (BESBES et al., 2009).
The peak force of the first compression cycle is considered as hardness. Results
(Figure 3) showed that all TPA parameters presented significant (p<0.05)
variations during storage time, except for springiness. The hardness values
increased significantly from 0.29 to 0.69N. Similar results were reported by
Oliveira et al. (2014) who found an increase of hardness values while studying
the stability of conventional umbu-caja jellies during storage at ambient
conditions. In another study Kopjar et al. (2009) also found an increase of
hardness values during storage of strawberry jelly. The increase in hardness
might be due to the addition of sucrose and suitable thickeners such as pectin
during jam processing and reduction of pH (high acidity). Royer et al. (2006),
reported that both sugar and pectin have influence on textural properties of
prepared jellies. Pectin is the gelling agent responsible for gel formation and
forms a network of fibril with water; sugar act as a dehydrating agent which
disturbs the equilibrium existing between water and pectin (BASU,
SHIVHARE, 2010). The cohesiveness of jam indicate how well it resist a
second deformation relative to the first one. The results showed that during
storage time the cohesiveness values of mangaba jam ranged from 0.59 to 0.45.
These significant decrease in cohesiveness values shows that this product could
not be safe from exudation phenomenon during storage time. Adhesiveness is

an important parameter for food products. It measures the work necessary to
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overcome the attractive forces between the surface of the probe and the sample
material. Thereafter, this variable may allow to predict the degree of adhesion of
food on the teeth (BESBES et al., 2009). Results (Figure 4) showed that during
storage time in general the adhesiveness values was noted to range from 2.43 to
4.92N with a significant decrease between 6 and 9 months of storage. For
springiness, during storage time the mean values were statistically the same
(p>0.05), with mean values springiness of 28.75. Similar observation was found
by Masmoudi et al. (2010) who did not found change in springiness values
during characterization of jellies with reduced sugar. The chewiness is the
product of the hardness, the cohesiveness and the springiness. Results related to
chewiness showed that in general the values mean ranged from 5.19 to 9.48
N.mm* during storage time. It was noticed that there was a decrease between 3
and 9 months followed by an increase to a maximum value of 9.48 at 12 months
of storage. The gumminess which represent the denseness that persists through
mastication ranged from 0.17 to 0.34N and the tendency was similar to that
relative to chewiness. Although it was found in this work that the moisture
content increased (29.26 to 31.54%) during the storage time, the increase in
cohesiveness and chewiness could be probably attributed to the addition of
thickeners, essentially pectin during processing (AL-HOOTI; JIUAN;
QUABAZARD, 1995; FAYADH; AL-SHOWIMAN, 1990). The decrease
tendency observed in some of the texture profile parameters might be possibly
due to the storage conditions that may have had an influence on the jam
constituents.

Rheological properties are important for foods, such as jam, in the
design of flow processes, quality control, storage and in predicting food textures
(HEIMLICH; BORQUEZ; CESPEDES, 1994; HOUGH et al., 1991). As useful
tool, rheological properties determine product texture, thus affecting sensory

attributes and, ultimately, consumer acceptance of a product (DEMIATE;
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KONKEL; PEDROSO, 2001; GARITTA; HOUGH; SANCHEZ, 2004,
KONKEL et al., 2004). Results presented in Figure 5 showed that during 12
months of storage time the rheological behavior of mangaba jam was found to
exhibit a non-Newtonian behavior with pseudoplastic characteristics which
indicate that their viscosity decrease as the shear rate increases. From results
(Figure 5) it can also be noticed that the shear stress increased with an increase
in shear rate. Similar results have also been reported by Santanu and Shivhare
(2010) and Alvarez, Cancela and Maceiras (2006) for mango, apricot,
strawberry, peach and raspberry fruit jam. Experimental results (Table 3) of
shear stress and shear rate indicate that Newton’s law model showed the poorest
fit with lowest coefficient of regression (R?) values in each time of analysis for
all the samples investigated. The other two models Power Law and Herschel-
Bulkley both seemed to be more suitable with close coefficient of regression
(R?) values. However, among the two models, Herschel-Bulkley was found to
be more fitted for mangaba jam due to the good coefficient of regression (R?)
values during the 12 months of storage time. These results are in line with those
of Santanu and Shivhare (2010) and Marjan and Johari (2010) who strongly
indicate that the Herschel-Bulkley model is best fitting model for fruit jam and
jelly.

With respect to apparent viscosity results (Figure 5) revealed that
mangaba jam generally showed a significant (p<0.05) increase of apparent
viscosity values and at later stage this values decreased with the advancement of
storage time. The general range was noted from 1.56 to 1.64 Pa.s™ during 12
months of storage time. It was observed that apparent viscosity value was
increased to a maximum value of 1.96 Pa.s* up to 9 months of storage time and
then decreased to 1.64 Pa.s® at the end of storage period. The increase in
apparent viscosity during storage time might be due to the addition of sucrose

and suitable thickeners such pectin during formulation of mangaba jam. Earlier
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studies Chen and Joslyn (1967), reported that change in viscosity jelly was due
to the presence of sugar. In another study, Yoo et al. (2009) reported that pectin
solutions behave like pseudoplastic, which depends on the raw material; any
alteration in this conditions finally cause changes in apparent viscosity. In
addition, sucrose increases the viscosity of pectin solutions (CHEN; JOSLYN,
1967).

CONCLUSIONS

Processing of mangaba fruit pulp into jam resulted in a significant
decrease in all physicochemical variables and nutritional composition except
total soluble solid, NFE, total energy value, total and soluble pectin which
increased after processing.

Among two factors studied in this work, only storage time influenced
(p<0.05) significantly jam quality while no significant difference was found
with respect to the packing material type. However, ash, dietary fiber,
springiness and some sensory attributes (color and flavor) did not change during
storage time.

The rheological properties results showed that mangaba jam behaves as
a pseudoplastic fluid and Herschel-Bulkley model was most suitable rheological

model describing the behavior of mangaba jam.
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TABLES AND FIGURES

Table 1 - Effect of processing on physicochemical properties of mangaba jam. ?

Variables Mangaba pulp Mangaba jam
Moisture (g.100g™) 80,55 + 0,82 29,26 + 0,04
Fat (g.100g™Y) 1,88+ 0,82 0,45 £ 0,04
Protein (g.100g™?) 1,35+0,82 0,92 + 0,04
Ash (g.100g%) 0,42 + 0,03 0,26 + 0,02
Total dietary fiber (g.100g™%) 3,91+0,09 1,77 £ 0,06
Total Pectin (g. galacturonic acid.100g™?) 0,75+ 0,05 6,95+0,16
Water activity (aw) 0,98 £ 0,00 0,88 £ 0,00
Titratable acidity (g citric acid.100g™) 1,36 £0,01 0,87 £ 0,01
pH 3,31+0,01 3,40 £ 0,02
Soluble solids (%) 18,90 £ 0,58 64,52 + 0,52
NFE (g.100g?) 11,89+ 0,26 66,95 + 0,12
Total energy value (Kcal.100g™?) 69,84 + 0,36 277,19 £ 0,25
Value L * 60,46 £ 0,32 37,26 £ 0,66
Croma (C*) 39,86 + 0,61 31,80 £ 0,35
°hue 85,55+ 0,14 76,34+ 0,42

2 Data are expressed as means + standard deviation (n = 4) fresh matter.



Table 2 - Results from microbiological analysis of mangaba jam after processing and during 12 months of storage time at
room temperature (22 + 2°C, 72 + 11% RH).

Microrganisms

Storage
Samples time Fungi and yeasts  Salmonella  Coliforms at 35°C  Coliforms at 45°C
(months) (CFU.g)? (9.25g%) (MPN.g™)P (MPN.g%)
Mangaba pulp 0 Absent Absent <3 <3
0 Absent Absent <3 <3
3 Absent Absent <3 <3
Mangaba jam 6 Absent Absent <3 <3
9 2x10? Absent <3 <3
12 1x103 Absent <3 <3

aCFU.g* = Colony forming units per gram. ® MPN.g* = Most probable number.

L0T



Table 3 - Rheological parameters of Newton’s Law, Power Law, and Herschel-Bulkley models of mangaba jam after
processing and during 12 months of storage time at room temperature (22 + 2°C, 72 £ 11% RH).

Storage Newton’s law model Power Law model Herschel-Bulkey model
Sample time
(months) n(Pa.s) SSE R? K(Pasn) n(Pas) SSE R? K (Pasn) n(Pa.s) t SSE R?
0 1,36 33,73 59,43 17,71 0,48 3,65 9947 7,61 0,61 28,22 0,93 99,96
3 1,45 37,41 55,72 19,73 0,47 487 99,13 8,73 0,60 29,22 3,45 99,57
M?Qﬁf‘ba 6 225 5370 6392 26,81 043 683 9933 11,73 063 4418 4,14 99,75
9 1,50 39,36 54,90 21,51 0,45 5,92 98,89 8,87 0,60 32,06 4,41 99,35
12 1,24 34,77 43,33 19,90 0,43 3,46 99,31 8,13 0,58 29,76 2,02 99,77

80T
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Figure 1 - Changes in physicochemical properties (moisture, fat, protein, total

pectin, and aw) of mangaba jam during 12 months of storage at room
temperature (22 + 2°C, 72 £ 11% RH).
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Figure 2 - Changes in physicochemical properties (titratable acidity, pH, total
soluble solids, NFE and total energy value) of mangaba jam during 12
months of storage at room temperature (22 + 2°C, 72 + 11% RH).
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Figure 3 - Changes in color parameters (value L*, value C* and °hue) and

sensory attributes (taste, texture and overall acceptability) of
mangaba jam during 12 months of storage at room temperature (22
+2°C, 72 + 11% RH).
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Figure 4 - Changes in texture analysis profile (hardness, adhesiveness,
chewiness, cohesiveness and gumminess) of mangaba jam during
12 months of storage at room temperature (22 £ 2°C, 72 £ 11%

RH).
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Figure 5 - Changes in rheological properties of mangaba jam during 12 months
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ABSTRACT

The Brazilian cerrado is rich in exotic fruits species with peculiar
sensory attributes and good source of bioactive compounds but its potential has
not been exploited. The aim of the present study was to evaluate the impact of
processing, packaging material (amber and clear glass jars) and storage time on
the stability of the bioactive compounds (total phenolic and Vitamin C), volatile
compounds and antioxidant capacity (assayed by ABTS, DPPH, and B-carotene
bleaching) of mangaba (Hancornia speciosa) jam during 12 months of storage.
In addition, HPLC-DAD/UV-Vis analyses were carried out to identify and
quantify individual phenolic compounds; SPME/GC-MS analyses were
performed to identify volatile compounds. The obtained data proved that
mangaba fruit pulp is a rich source of bioactive compounds and present high
antioxidant capacity. Jam processing significantly (p<0.05) decreased the
bioactive compounds (TPC and Vitamin C) and antioxidant capacity. Among the
two factors (packaging material and storage time) it was observed that only the
storage time significantly (p<0.05) influenced all the variables studied in this
work. During jam storage, also, a significant decrease of the bioactive
compounds and antioxidant capacity was observed. HPLC-DAD/UV-Vis
analyses allowed to identify 10 phenolic compounds, including flavonoids and
non-flavonoids and among these, quercetin and catechin were the major
compounds. After processing, all these compounds decreased significantly
(p<0.05) except gallic acid and p-coumaric acid who presented an increase
tendency. During jam storage, only gallic acid, caffeic acid, catechin and rutin
were affected. GC-MS analyses tentatively identified 32 compounds volatiles in
mangaba pulp fruit. In general, it was found that after jam processing and during
storage time there was an increase in the levels of alcohols and reduction of
esters.

Keywords: Cerrado fruits. Hancornia speciosa. Processing. Antioxidant
capacity. Shelf-life.
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Abbreviations

ABTS 2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
DPPH 2,2-Diphenyl-1-picrylhydrazyl

ECso Extract concentration providing half antioxidant activity
FW Fresh weight

GAE Gallic acid equivalents

HPLC High performance liquid chromatography

Ol Oxidation inhibition

TEAC Trolox equivalent antioxidant capacity

TPC Total phenolic compound

RI Retention index

RH Relative humidity

VCEAC Vitamin C equivalent antioxidant capacity
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Introduction

The Cerrado Biome is the second largest and one of the richest
savanna biome in South America and lodge an immense floral and faunal
diversity which covers about 2 million Km?, an area approximately the same as
that of Western Europe, representing 22% of the land surface of Brazilian
territory [1-5]. This biome has a wide different plant species, including a large
number of native and exotic fruits species, which have the potential to be used
by the agro-industry and a possible future source of income for the local
population [6]. However, these fruits have not yet reached a high degree of
popularity in national and international markets, and are still underexploited.
This lack of interest might be due to consumer’s lack of knowledge about their
peculiar sensory characteristics, nutritional benefits and therapeutic value [6, 7].
Among those native and exotic fruits, mangaba (Hancornia speciosa Gomes)
which in native language means “thing good for eating” stand out and is found
in the Cerrado biome [8]. Mangaba fruit is an ellipsoid berry that when ripe has
yellow skin with or with-out red pigmentation and with a yellowish exocarp and
red stripes or spots [9]. Due to a distinct flavor, aroma and high levels of
vitamin C, mangaba fruit is used to make ice cream, nectar cookies, jam, jelly,
syrup, juice, wine, alcohol and vinegar [10]. Historically, fruits and vegetables
have been considered a rich source of some essential dietary micronutrients,
natural sugars, organic acids and fibers [11]. Recently several epidemiological
studies around the world suggest that diet high in fruits and vegetables has been
significantly associated with a reduced risk of developing of non-transmissible
chronic diseases such as diabetes, obesity, atherosclerosis, certain cancer,
cardiovascular disease, age-related neurodegenerative disease [12-17], due to
their contents of bioactive compounds and antioxidants [18-20]. These bioactive
compounds have a very good scavenging activity against oxygen-derived free

radicals and retard the oxidation processes which are mostly associated with
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several mentioned diseases [21-23]. Growing evidence exists in the recent
literature supporting that mangaba fruit is a potential source of antioxidant
components and valuable plant secondary metabolites such as flavonoids,
flavonols and carotenoids [24-28]. In addition, recent research [29] provided
scientific evidences that mangaba fruit pulp is a potential antimutagenic source
and it can be considerable a potential functional food with widespread
applicability in the food industry.

Volatiles compounds are important aspect of fruit quality for
consumers and, consequently, for industry since they are responsible for aroma
and flavor of foods. However, the chemical composition and also distribution of
aroma compounds depend on the species, environmental conditions and stage of
maturity of the fruit [30, 31]. Mangaba fruit contain many volatile compounds
including alcohols, aldehydes, terpenes, esters and ketones [32].

Due to the short postharvest life and short production season of
mangaba fruit, preservation, usually through processing into jam and jelly
represent a good example to increase the availability and consume throughout
the year and, consequently add value to the fruit. The levels and functionality of
bioactive compounds in fruits are determined by intrinsic factors such as variety,
growing and harvesting conditions [33]. However, food processing and
subsequent storage conditions have a great influence on the stability of bioactive
compounds in fruit and vegetables and their products [34-37]. During
processing, several types of oxidative reactions may occur and electrons are
removed from atmosphere or molecules and cause the formation of an oxidative
form. These reactions may cause browning, loss or changes of flavor or odor,
changes in texture, loss of nutritional value from destruction of vitamins and
affect the concentration and functionality of bioactive compounds [37]. During
storage the shelf life of product can be increased by using suitable packaging

material with a barrier against air borne contamination and loss or gain in
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moisture, thus ensuring the retention of all the desirable quality of the product
during storage [38].

Considering that recently consumers are increasingly demanding for
natural and healthy products, the content of bioactive compounds in native and
exotic fruits from Brazil has been studied, but no published studies show the
impact of processing and storage conditions on the bioactive and volatile
compounds. Therefore, the purpose of this work was to develop mangaba jam
and investigate the impact of processing and packaging material (amber and
clear glass jars) on the stability of bioactive and volatile compounds during 12

months of storage.

Materials and Methods

Plant Material Fruit

The ripe mangaba fruit (Hancornia speciosa) was harvested from
different trees at the characteristic area of Cerrado (savannah-like vegetation) in
Curvelo Town, Minas Gerais State, Brazil (latitude 18° 45' 23" S, longitude 44°
25" 51" Wand altitude 632 m). The fruits were transported in polystyrene boxes,
from the field to the laboratory, within 24 h after harvest. The fully ripe healthy
and fresh mangaba fruit were washed thoroughly with potable water and
sanitized with sodium dichloroisocyanurate (Hidrosan®) 200 mg L* for 1
minute. The fruits were crushed in skin and strained to separate the seeds and
pulped with the use of stainless steel spoons. Then, the seedless pulp was stored

in freezer at -18° C until processing.

Chemicals reagents and standards

2,2’-azino-bis (3-ethylbenothiazoline-6-sulphonic acid) (ABTS), Trolox
(6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid), 2,4
dinitrophenylhydrazine (DNPH 2.4), Tween 40, 2,2-diphenyl-1-picrylhy-
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drazyl(DPPH), p-carotene, chloroform, Phenolic standards: gallic acid, (-)-
catechin, chlorogenic acid, caffeic acid, ferulic acid, trans-cinnamic acid,
vanillin, m-coumaric acid, quercetin, p- coumaric acid, o- coumaric acid, n-
alkanes standards (C5-C20) were purchased from Sigma-Aldrich (St. Louis,
MO, USA); Acetone, L-Ascorbic acid, Gallic acid, Folin-Ciocalteu reagent,
methanol, Linolenic acid, 2,6-dichloroindophenol were obtained from Vetec®;
sulfuric acid and HPLC grade methanol from purchased from Merck
(Darmstadt, Germany). All other reagents were from: Cinética® (oxalic acid),
Synth® (ethanol), Analitica® (helium) and Neon® (potassium persulphate).
HPLC-grade water was obtained from a MilliQ water purification system
(Millipore, Bedford, New Hampshire, USA). All the other chemicals used were

of analytical grade.

Preparation of jam

The jam was processed in the pilot plant at Food Science Department of
Federal University of Lavras, in 3 batches. Ingredients were pre-weighed and
kept separate. After that, the high-methoxy commercial pectin (Vetec ®) was
premixed with a portion of the sugar to properly disperse the pectin. Jam
formulation expressed relative to total weight was 50% pulp and 50% sugar. In
this study, 2000 g of pulp, 2000 g of sugar and 20 g of pectin were used to
elaborate mangaba jam in each batch. Initially, sugar was added to the pulp, and
with continues manual agitation, the mixture was boiled at low heat in an open
stainless steel pan (approximately 100 to 105° C final boiling point) and the
sugar premixed with pectin was then, added until obtaining the final
concentration around soluble solid value of 67,5%, reading in manual
refractometer with a scale from 0 to 90 °Brix. The total time of cooking was
approximately 40 min. Subsequently, the jam was hot-packed at 80°C in 40 ml

amber and clear glass jars with the same quantity, immediately sealed with metal
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cover and inverted for 5 min to sterilize the glass containers. Then, they were
returned to normal position and conditioned at room temperature (22 + 2 °C, 72
* 11% RH) until analysis.

Samples extracts preparation

The extracts for antioxidant activity and the total phenolic compounds
were obtained according to previous method proposed by [39], with some
modifications by [40]. Briefly, 5g samples (mangaba jam and pulp) were
weighed in a disposable centrifuge tubes and sequentially extracted with 20 ml
of methanol/water (50:50, v/v) at room temperature for 60 minutes. The tubes
were centrifuged for 15 min at 14,000 rpm under 4°C. Then, 20 ml of
acetone/water (70:30, v/v) was added to the residue at room temperature. After
60 minutes the samples were again centrifuged under the previous conditions
mentioned above. At the end both mixed clear supernatant methanol and acetone
extracts were completed to a final volume of 50 ml with distilled water and then
stored at -80°C until determination of antioxidant activity and total phenolic

compounds.

Determination of total phenolic compounds

The total phenolic compounds contents of mangaba jam and pulp were
determined by Folin-Ciocalteau method with slight modifications [41]. Briefly,
extracts (0.5 ml) were mixed with 2.5 ml of Folin-Ciocalteu reagent (10%) and
2.0 ml of aqueous sodium carbonate (4%) and the contents were then vortexed.
The content was mixed well and kept for 2h at room temperature in dark
conditions. After 2h, absorbance was measured at 750 nm in the
spectrophotometer. Results were expressed as gallic acid equivalents (GAE

100g* FW) by using a standard curve.
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Antioxidant Activity by DPPH Free Radical Scavenging Procedure

DPPH assay was performed according to the method described by [42]
and adapted by [40]. Briefly, 0.1 ml of the samples extracts and standards
substances (trolox and ascorbic acid) were allowed to react with 3.9 mL of free
radical form [2.2-diphenyl-1-picrilhydrazyl (60 mM DPPH)] solution previously
diluted in methanol for 80 minutes in dark conditions, and the decrease of
absorbance was measured after 80 minutes of reaction at 515 nm. The standards
curve of Trolox and ascorbic acid were similar to those of ABTS method
described above. The results were expressed as ECso, the extract concentration
of DPPH radical providing 50 % antioxidant activity (ECs) and, for standards
the results were expressed as TEAC and VCEAC.

Antioxidant Activity by ABTS Free Radical Scavenging Procedure

The ABTS [(2.20-azino-bis (3-ethylbenzenothiazoline-6-sulphonic
acid)] was performed according to [42] with some modifications by [40]. ABTS
(7 mM) and potassium persulfate (2.45mM) solutions were mixed and stored at
room temperature for 16h in dark conditions. The resultant ABTS stock solution
was diluted with ethanol to obtain absorbance of 0.70+ 0.05 units at 734 nm to
prepare the ABTS working solution. Then, 30 pL of the samples extracts or
standards substances (Trolox and ascorbic acid), were allowed to react with 3
mL of ABTS working solution under dark conditions. The decrease of
absorbance at 734 was read after 6 min of reaction. The standard was linear
between 0 — 2000 uM Trolox and 0- 20 mg of ascorbic acid/100g. Results were
expressed as TEAC and VCEAC.

Antioxidant Activity by g-carotene bleaching method
[-carotene bleaching was carried out according to [43]. Briefly an

aliquot of an emulsion of B-carotene, linoleic acid and Tween 40 was diluted
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with an aerated distilled water to obtain absorbance between 0.6 and 0.7 units at
470 nm to prepare the p-carotene working solution. Then, 0.4 ml of the sample
was mixed with 5 ml of working solution and incubated in water bath at 40°C.
After 120 minutes, the absorbance was read at 470 nm using spectrophotometer.
The antioxidant activity of the samples was expressed as percentage of oxidation

inhibition.

Determination of Vitamin C Content

The vitamin C content was determined by a colorimetric procedure with
2,4-dinitrophenylhydrazine (DNPH 2.4), according to [44]. The content was
measured in a spectrophotometer at 520 nm. Results were expressed as mg
ascorbic acid 100g* FW.

Phenolic profile

The extracts used to quantify the phenolic compounds by HPLC-
DAD/UV-Vis analysis were obtained according to the procedure described by
[45]. Briefly, 2.5g of sample was extracted with 20 mL solution containing
methanol 70% methanol (v/v) HPLC grade. The extracts were vortexed and
placed in an ultrasonic bath at room temperature for 60 minutes. Extracts were
then centrifuged at 1500 rpm (25,406.55g) and 4°C for 15 minutes subsequently
filtered through 14um Whatman n° 2 filter paper. Before injection the
centrifuged supernatant was allowed to pass through a 0.45 um PTFE filter
(Millipore Corp., Bedford, MA).

Chromatographic analyses were carried out on a Shimadzu modular
system (Shimadzu Corp., Kyoto, Japan) equipped with four high-pressure LC-
20AT pumps, a SPD-M20A diode array detector, DGU-20A5 degasser, CBM-
20A interface, CTO-20AC oven, and SIL-20A auto sampler. Separations were
conducted on Shimadzu Shim-pack column ODS GVP-C18 (4.6 x 250 mm,
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5mm) coupled to a ODS GVP-C18 Shimadzu pack guard column (4.6 x 10 mm,
5um). Mobile phase consisted of solvent A (2%, v/v, solution of acetic acid in
water) and solvent B (70: 80: 2, v/v, methanol, water/acetic acid, respectively) at
a flow rate of 1.0 ml/minute with 65 minutes run, the gradient profile was: start
condition 100% A in 0-5 min, then 70% A in 5-25 min, 60% A in 25-43 min,
55% A in 43-50 min, 0% A in 50-55 min and 100% A in 55-65. Injection
volume was 20ul and analyses were performed at 15°C. The phenolic
compounds chromatograms were recorded at 280 nm.

Each compound was identified and quantified by comparing its retention
time, peak area and UV-vis absorption spectra against the authentic standards
(gallic acid, catechin, chlorogenic acid, caffeic acid, ferulic acid, trans- cinnamic
acid, vanillin, m-coumaric acid, quercetin, p- coumaric acid, and o- coumaric

acid). Results were expressed as mg of phenolic compound 100g™* FW.

Volatiles compounds

The volatile profile analyses were performed by solid phase
microextraction technique (SPME) using Gas Chromatography GC 2010
(Shimadzu Corporation, Kyoto, Japan) coupled to a mass spectrometer QP 2010
Plus (Shimadzu Corporation, Kyoto, Japan). Five grams of sample (jam and fruit
pulp) were transferred to a vial suitable with a capacity of 10 ml for volatile
retention. Polydimethylsiloxane/divinylbenzene (PDMS/DVB, 65um, Supelco)
fiber was introduced into the headspace of each vial for 30 min at 40°C with
rotational shaking at 250 rpm. The fiber was removed from the headspace of the
vial and immediately introduced into GC-MS, in which the volatile compounds
were desorbed a t250 °C in splitness, for 2 minutes. For identification, a mass-
selective detector (model QP5050A) was used under the following conditions: a
fused silica capillary column (30m x 0.25 mm i.d x 0.25 pm film thickness),

stationary phase of 5% diphenyl and 95% of polydimethylsiloxane (DBS),
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injection temperature of 270°C; the column temperature was maintained at 60°C
for 3 min then programmed to increase 4°C in each minute until reaching 270°C.
The carrier gas was helium at a flow of 1.8 mL.min; and there was no split in
the column, which had an initial pressure of 100 kPa. The mass spectrometer
conditions were as described: the mass selective detector was operating in
electron impact mode at an impact energy of 70 eV, a scan speed of 1000m/z. s°
1 ascan range of 0.5 fragment/second and detected fragments of 29 and 600 Da.
Each compound was identified by comparing its mass spectrum with spectra in
the literature [46] or by NIST and Wiley 8 Mass Spectral Libraries. The aroma
descriptions of most compounds were compared to those reported in the

Flavornet [47] and pherobase [48] databases.

Statistical Analysis

Data were analyzed using the SISVAR statistical package [49]. Analysis
of variance (ANOVA) was performed using a simple completely randomized
(CRD) factorial design with two factors including package (amber and clear
glass jars) and storage time (0, 3, 6, 9, and 12 months). Polynomial regression
models were selected based on the F test and coefficient of determination (R?);
statistical significance was set at p<0.05. Each sample consisted of 80g of jam
(two glass jars of 40 ml each). Correlations between antioxidant capacity and
vitamin C constituents, were determined using Pearson's Correlation Coefficient
Test.
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Results and discussion

Determination of vitamin C, total phenolics compounds (TPC) and
antioxidant activity of fruit pulp.

Results of vitamin C, total phenolics compounds and antioxidant activity
of mangaba fruit pulp are shown in Table 1. The content of vitamin C was
193.84 mg 100g? FW which was similar to that observed by [32] and higher
than that reported by [6, 25] who found 96.3 mg 100g* FW and 102.77 mg
100gt FW for this fruit, respectively. According to [50], fruits are classified
according to the vitamin C content into three categories: low (<30mg 100g7?,
medium (30-50 mg 100g?) and high (>50 mg 100g™?). Considering this
classification, mangaba qualifies as a higher source of vitamin C. Mangaba fruit
also exhibited higher vitamin C content than other commercial fruits, such as
acai (68.5 mg 100 ml? juice), strawberries (42.45 mg 100g?) [51, 52]. Total
phenolic compounds (TPC) in mangaba fruit pulp were around 324.45 mg GAE
100g* FW. This value was lower than that reported in the previous study [29]
who observed a range from 490 to 390 mg GAE 100g* FW of mangaba fruit
during 20 days of storage period and higher two and three-fold than those
reported by [7] (169 mg GAE 100 g* FW) and [6] (98.8 mg GAE 100 g* FW),
respectively. According to the classification of [53], who analyzed 17 fruits from
Ecuador and grouped phenolic compounds into three categories: low (<100 mg
GAE 100g?), medium (100-500 mg GAE 100g™) and high (> 500 mg GAE
100g?), the mangaba fruit may be classified as intermediate source of phenolic
compounds. Comparing between mean of total phenolic compounds found in
this work with other native fruit from cerrado, the results suggested that
mangaba fruit pulp had highest levels of phenolics compounds than ciruela (55.0
mg GAE 100g%), jackfruit (29.0 mg GAE 100g™), murici (159.9 mg GAE 100g°
1), sapodilla (13.5 mg GAE 100g*, sourop (54.8 mg GAE 100g?), sweetsop
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(81.7 mg GAE 100g?), tamarindo (83.8 mg GAE 100g™) and umbu (44.6 mg
GAE 100g™) [6, 54].

Since the antioxidant activity of food is determined by a mixture of
different kind of antioxidants with different action mechanisms, among which
synergistic interactions, it is important to combine more than one method in
order to assay in vitro, the antioxidant activity of foodstuffs [55]. The results
(Table 1) of antioxidant activity assay using DPPH- ECsy was four-fold higher
than that observed by [7] (3385 g g DPPH). It is important to notice that high
values of ECs indicate low antioxidant activity. The antioxidant activities of
mangaba fruit pulp were 77.88 and 221.70 mg VCEAC 1009, assayed using
DPPH and ABTS radicals, respectively. These values were lower and higher
than those found by [6] 118.78 and 162.57 mg VCEAC 100g™, respectively. The
antioxidant activities of mangaba fruit pulp expressed in TEAC and measured
using ABTS and DPPH radicals, were fourteen and seven-fold higher than those
reported by [6] (10.84 and 6.46 umol TEAC g, respectively).

The B-carotene bleaching assay is widely used in laboratories around the
world. Since no high temperature is necessary, the antioxidant activity of
thermo-sensitive vegetable samples might be determined and evaluated
qualitatively. The antioxidant activity assayed by B-carotene bleaching method
was 86.11% of oxidation inhibition (O.1.). According to [56], the antioxidant
capacity measured by p-carotene bleaching method is classified as high (>70%),
intermediate (40-70%) or low (<40%) levels of oxidation inhibition (O.L.).
However, following this classification, the result of this study suggest that
mangaba fruit is qualifies as having higher antioxidant capacity.

The variations observed in terms of bioactive compounds and
antioxidant activity assayed by several methods when compared the results
obtained from this study with those reported by others authors might probably

explained by various factors, including genotypes constituents, fruit maturity
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levels, maturity season, climatic conditions, storage conditions, different
analytical methods, geographic origin, fertilizer, soil type and others factors [57-
60].

Determination of vitamin C, total phenolics compounds (TPC) and
antioxidant activity of fruit jam

Vitamin C content, total phenolics compounds and antioxidant activity
after mangaba jam processing are presented in Table 1, and during 12 months of
storage time are listed in Figure 1 and 2. Results (Table 1) showed that all these
studied variables when compared with mangaba pulp, decreased significantly
(p<0.05) after jam processing. Vitamin C is involved in protein metabolism,
collagen synthesis and an important physiological antioxidant [61]. Vitamin C
content was found to decrease by 66,15% after processing when compared with
fruit pulp and also during storage time in range from 65.61 to 19.69 mg 100g™
FW. This result is in agreement with other authors [62-65]. who reported
decreasing of vitamin C content during the storage of fruits products. In
addition, [66-68] also reported that vitamin C decreased in low calorie jam
during storage period. The decrease of vitamin C content might be mainly due to
oxidation or degradation of thermolabile ascorbic acid into dehydroascorbic acid
which is followed by the hydrolysis of the latter to 2,3-diketogulconic acid,
which then undergoes polymerization to other nutritionally inactive compounds
such as hydroxymethylfurfural (HMF) responsible for browning after processing
and during fruit products storage [69, 70].

TPC were found to decrease significantly (p<0.05) by 50% after
processing and during storage time were also decreased in range from 161.39 to
118.08 mg GAE 100g* FW. These results are in accordance with those of [71-
73] who reported reductions in TPC after jam processing and during storage

time. In another study [74], observed that significant reductions after jam
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processing of TPC were 9% and 27% in two types of cherry, cv. Balaton and cv.
BY8158.50. According to [75], the TPC content can increase, decrease or
remain unchanged after the thermal processing of fruits.

The reduction of TPC could be due to disruption of cell structure during
fruit processing and the increased tendency to non-enzymatic oxidation [76]. In
addition, physical and biological factor such as temperature, heat cause
disruptions in cell structure during fruit processing and it lead to increase
enzymatic activity that might have in the destruction of phenolics [74]. Enzymes
including polyphenol oxidase are responsible for the browning reaction of
phenolics compounds but they normally inactivated during jam processing due
to cooking at high temperature. However, there could be losses of bioactive
compounds due to the cooking process that may reduction their functional
properties [74].

Results (Table 1) showed that antioxidant capacity assayed using DPPH-
ECso radical scavenging activity after processing ranged from 953.67 to 1454.07
g FW g DPPH and during storage time was noted to range from 1454.07 to
3710.23 g FW g* DPPH. Considering DPPH radical scavenging activity with
higher and lower ECso values indicate low and high antioxidant capacity,
respectively, it can be noticed that after processing and also during storage
period, there was a reduction in antioxidant activity. The antioxidant activity
using DPPH radical expressed as TEAC and VCEAC decreased highly (p<0.05)
after processing by 32% and 44%, respectively. During 12 months of storage
time the antioxidant capacity measured by DPPH radical expressed as TEAC
decreased in range from 32.36 to 17.44 pmol TEAC g FW, and the general
range of antioxidant activity expressed as VCEAC was noted from 43.32 to
39.15 mg VCEAC 100g' FW. It was observed that antioxidant activity
expressed as VCEAC decreased to 31.14 mg VCEAC 100g* FW up to 9 months
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of storage and then increased to 39.15 mg VCEAC 100g™* FW at the end of
storage period.

The antioxidant capacity assayed by ABTS radical and expressed as
VCEAC and TEAC after processing decreased significantly by 33% and 54%,
respectively. During storage period the antioxidant activity expressed as
VCEAC also decreased in range from 102.63 to 53.52 mg VCEAC 100g* FW
and the antioxidant activity expressed as TEAC in general was noted to range
from 103.04 to 79.75 umol TEAC g FW throughout the storage time. It was
observed that antioxidant activity measured by ABTS radical and expressed as
TEAC decreased to 70.92 pmol TEAC g! FW up to 9 months of storage
followed then by an increase to 79,75 umol TEAC g* FW during the rest
storage period.

The oxidation inhibition measured by B-carotene bleaching method
decreased by 15% after processing and during 12 months of storage (Figure 2),
in general was found to vary between 73 and 70.27%. It was noted a reduction
from 73.03 to 68.14% up to 6 months followed by an increase to 70.27% at the
end of storage period. According to the classification proposed by [56], this
antioxidant activity is qualifying as intermediate.

In general, the results of different antioxidant methods used in this work
showed that the antioxidant activity decreased significantly (p<0.05) after
processing and also during storage time. These results are in agreement with
those reported previously by [72, 77, 78], who reported that the antioxidant
capacity of different berries significantly decreased after jam processing and
during storage period. The explanation for the reduction in antioxidant capacity
could be attributed to the degradation or destruction of phytochemicals,
phenolics compounds as well as vitamin C as a result of thermal treatment [68,
79, 80, 81]. The increase tendency of antioxidant capacity observed in this study

for some methods could be probably due to the environmental storage or
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analysis conditions that may have influence on the jam constituents, since there
was no an increase of phenolics or bioactive compounds observed during storage

period.

The correlation among the bioactive compounds and antioxidant
activity

The correlation between bioactive compounds and antioxidant activity
has been widely investigate in different food stuffs, including fruits and
vegetables [7, 18, 82-85]. In this present study, the correlation (Table 2) between
total phenolic compounds, vitamin C and antioxidant activity measured by
DPPH-ECs,, DPPH (VCEAC), DPPH (TEAC), ABTS (VCEAC), ABTS
(TEAC) and pB-carotene bleaching were assayed. A positive and significant
correlation was observed between TPC-vitamin C (r = 0.93; p<0.01), DPPH
(VCEAC) (r = 0.44; p < 0.01), DPPH (TEAC) (r = 0.91; p < 0.01), ABTS
(VCEAC) (r = 0.85), ABTS (TEAC) (r = 0.49; p < 0.01) and p-carotene
bleaching (r = 0.33; p< 0.05). There was also a positive and significant
correlation of vitamin C and DPPH (VCEAC) (r = 0.54; p < 0.01), DPPH
(TEAC) (r = 0.83; p < 0.01), ABTS (VCEAC) (r = 0.75; p < 0.01), ABTS
(TEAC) (r = 0.61; p < 0.01) and B-carotene bleaching (r = 0.50; p < 0.01).
However, as expected, significant negative correlations were found between the
DPPH-ECs, — TPC (r = -0.85; p < 0.01), vitamin C (r = -0.73; p < 0.01), DPPH
(TEAC) (r = -0.96; p < 0.01) and ABTS (VCEAC) (r = -0.97; p < 0.01); this is
due to the fact that the DPPH-ECs, method provides inversely proportional
results. The correlation between bioactive compounds and antioxidant activity
observed in this study are in agreement with other studies [6, 86-88]. According
to [89] phenolic compounds are responsible for most of the antioxidant activity
in fruit by-products. In another study [56] suggested that the antioxidant activity

of food may not be associated with one compound but to the synergy between
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several substances with antioxidant action. Therefore, this fact supports the
significant correlation between bioactive compounds and antioxidant capacity

observed in the present study.

Identification and quantification of phenolic compounds profile of
fruit pulp and jam

Typical chromatograms of phenolic compounds in mangaba fruit pulp
and mangaba jam are presented in Figure 5 and 6, respectively, and the contents
of individual identified phenols are given in Table 3. Phenolic compounds were
identified on chromatograms by comparison with retention time of authentic
standards. Results (Table 3) showed that a total of ten (10) phenolic compounds
were identified and quantified in mangaba pulp fruit and mangaba jam,
including flavonoids (catechin, rutin and quercetin) and non-flavonoids (gallic
acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferrulic acid, trans-
cinnamic acid, m-coumaric acid). These results are consistent with those of [26]
and [32], who also reported the presence of flavonoids and non-flavonoids in
ethanolic extract of mangaba fruit and mangaba fruit pulp, respectively. Our
results also revealed that quercetin (3.13 mg 100g™ FW) and catechin (1.70 mg
100g? FW) were the predominant compounds among all the other phenolic
compounds. In contrast to these results, [32] revealed a predominant presence of
chlorogenic acid (18.09 mg 100g* FW) and rutin (10.26 mg 100g* FW) in
mangaba fruit pulp while [90] reported rutin as a prominent constituent in
extract from H. speciosa leaves.

These qualitative and quantitative differences could be probably due to
extraction methods, cultivars, growth conditions of the fruits, the fruit ripening
stage, chromatographic conditions, use of different phenolic acid standards, and

also environmental factors such as temperature, light, and soil nutrients.
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Changes in individual phenolic compound after jam processing are
shown in Table 3, and over 12 months of storage time are given in Figure 7.
Results showed that the levels of individual phenolic compounds were
significantly (p<0.05) affected during processing. In general, all phenolic
compounds decreased significantly after processing except gallic acid and p-
coumaric acid who presented an increase tendency. The losses in levels of
individual phenolic compounds after processing were: catechin (42.35%),
chlorogenic acid (25%), caffeic acid (62.90%), ferrulic acid (51.85%), m-
coumaric acid (53.85%), quercetin (47.60%), trans-cinnamic acid (83.3%) and
rutin (43.90%) while the increase was found to be: gallic acid (33.33%) and p-
coumaric acid (16.67%). With respect to storage time, only gallic acid, caffeic
acid, catechin and rutin were significantly (p< 0,05) affected (Figure 7). The
contents of gallic acid increased sharply in range from 0.16 to 0.28 mg 100g™*
FW up to 9 months followed then by decrease to 0.18 mg 100g™* FW during the
rest period of storage. The levels of catechin decreased in range from 0.98 to
0.48 mg 100g™* FW during 9 months and then increased up to 1.04 mg 100g*
FW at the end of storage time; the contents of rutin decreased in range from 0,46
to 0.17 mgl100g™* FW over 12 months of storage period. The levels of caffeic
acid were found to increase from 0.13 to 0.19 mg 100g* FW over 9 months and
then decreased up to 0.03 mg 100g* FW at the end of storage time. The losses
observed after processing and during storage time, as previously discussed were
mostly due to the oxidation or degradation of these compounds as a result of
thermal treatment. In other hand, the sharp increase tendency observed in the
contents of some compounds might be probably due to processing conditions

and hydrolysis of the ester bond during storage time.
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Identification of volatile compounds of fruit pulp and jam

The volatile profile analyzed by GC-MS of mangaba fruit pulp and
mangaba jam after processing are listed in Table 4. Results showed that 32
compounds were tentatively identified in mangaba pulp fruit including: 8
alcohols, 11 esters, 4 aldehydes, 2 ketones,1 hydrocarbon, 2 aromatics, 2 acids, 1
terpene, and 1 ether. The class of esters was the most predominant, representing
an area of 53.84%. This result proves that the biogeneration of aroma in
mangaba fruit is much related to esters formation. The main compounds
identified in the mangaba pulp fruit and which were quantitatively representing
higher peak area in chromatogram were 3-methyl-3-buten-1-ol acetate (24.91%),
3-methyl-1-butanol acetate (13.05%), 3-methyl -2-buten-1-ol acetate (11.84%),
3-methyl-3-buten-1-ol (7.12%), ethanol (6.19%), 3 methyl-1-butanol (4.92%), 2-
propanone (4.44%), 3-hydroxy-2-butanone (3.21%), ethyl acetate (2.31%), and
2,3- butanediol (2.23%). Although these compounds belong to different organic
classes such as esters, alcohols and ketones are known to be responsible for the
overall sweet, fruity, creamy and floral odors representing different fruits and it
can be suggested that these prominent compounds may contribute to a great
extent the characteristic aroma of mangaba fruit. According to [91], the typical
fruit aroma results from the combination of different kinds of volatile
compounds from different chemical functions and with different
physicochemical properties, such as aldehydes, ketones, acetals, alcohols, esters,
lactones, hydrocarbons and phenols, ethers and heterocyclic compounds [92].

Recently, study conducted by [26] about characterization, antioxidant
potential and cytotoxic study of mangaba fruits reported that quantitatively the
esters were the most abundant compounds, representing 68.11% of the total
components identified and, in agreement with the results found in this work. In
another study, [93] also reported that esters were the predominant compounds in

ripe mangaba fruits when analyzed by the same technique of CG-MS. In contrast
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to our results, [28] while studying volatile profile of mangaba fruit stored under
modified atmosphere for 20 days under different packaging, identified 35
compounds, the alcohol being the most predominant class (29.57%), followed
by the aldehydes and terpenes, both with 27.71%, hydrocarbons (11.42%), esters
(5.71%) and ketones (2.85%). However, these variations on volatile profile
compounds might be attributed to growing conditions, including climate and
cultivation practices, fruit ripening stage and post-harvest storage conditions.
Regarding to the effect of processing on volatiles compounds, results
(Table 4) showed that almost all the volatiles compounds were significantly
(p<0.05) affected after jam processing. In general, it was observed that
processing of mangaba fruit pulp into jam promoted the formation of many
volatile compounds, with an increase in the levels of alcohols and reduction of
esters, which could be due to processing conditions and disruptions of esters
bonds during fruit pulp processing. During storage time (Figure 8 and 9),
ethanol, 3 methyl-1-butanol, 3-methyl-2-butene-1-ol, 3-methyl-1-butanol
acetate, 3-methyl-3-buten-1-ol acetate, 3-methyl-2-buten-1-ol acetate, 2-
propanone, and 3- hydroxy-2-butanone were markedly (p<0.05) affected
whereas no significant difference during 12 months of storage was observed for
the rest of compounds. Ethanol and 3 methyl-1-butanol increased throughout the
storage time while 3-methyl-2-butene-1-ol was found to decrease. The levels of
3-methyl-1-butanol acetate, 3-methyl-3-buten-1-ol acetate, and 3-methyl-2-
buten-1-ol acetate decreased during storage time. 2-propanone levels increased
rapidly up to 9 months followed then by a decrease at the end storage period. 3-
hydroxy-2-butanone showed a slight decrease up to 3 months, followed by an
increase over the 9 months, and then decreased during the rest period. The
explanation for these results could be as discussed earlier for the effect of

processing on volatiles compounds.
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Conclusions

Mangaba fruit pulp is a good source of bioactive compounds and
antioxidant activity. Processing and storage time resulted in reduction of
bioactive compounds, antioxidant activity and volatiles compounds while no
significant difference was found with respect to packaging material type. Is spite
of the reduction in these compounds, mangaba retained good levels of them

during storage time.
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Tables and figures

Figure 1 - Flow chart outlining the steps involved in mangaba jam processing.
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Table 1 - Effect of mangaba jam processing on bioactive compounds and total
antioxidant activity. ®

Bioactive compounds and total

antioxidant activity Mangaba pulp Mangaba jam
TPC (mg GAE. 100g?) 324,45 + 3,04 161,39 + 2,97
Vitamin C (mg ascorbic acid. 100g™2) 193,84 £ 2,95 65,61+ 0,77
DPPH ECso g g DPPH) 953,67 +5,38 1454,07 £ 10,74
DPPH (umol TEAC g}) 47,93 +£ 0,40 32,36 £ 0,41
DPPH (mg VCEAC 100g™) 77,88 £2,99 43,32 +1,58
ABTS (umol TEAC g?) 154,73 £17,91 103,04 £ 1,00
ABTS (mg VCEAC 100g™?) 221,70 £5,51 102,63 +£1,13
B- carotene bleaching (% O.1) 86,11+ 1,76 73,03+ 0,97

aData are expressed as means + standard deviation (n=4) of fresh weight
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Figure 2 - Changes in bioactive compounds (vitamin C and TPC) and
antioxidant activity (DPPH ECso and DPPH-TEAC) during 12
months of mangaba jam storage at room temperature (22 + 2 °C, 72
+11% RH).
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Figure 3 - Changes in antioxidant activity (DPPH-VCEAC, ABTS-VCEAC,
ABTS-TEAC and p-carotene bleaching) during 12 months of
mangaba jam storage at room temperature (22 £ 2 °C, 72 + 11%

RH).
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Table 2 - Pearson’s correlation coefficients (r) among bioactive compounds (TPC and vitamin C) and antioxidant
capacity (DPPH ECsy,, DPPH-VCEAC, DPPH-TEAC, ABTS-VCEAC, ABTS-TEAC, and [-carotene
bleaching) during 12 months of mangaba jam storage at room temperature (22 £ 2 °C, 72 + 11% RH)

Vitamin C DPPH DPPH DPPH ABTS ABTS %Iceaarcohtfnng
(ECso) (VCEAC) (TEAC) (VCEAC) (TEAC) (%0
TPC 0.932%* -0.852%* 0.441%* 0.907** 0.849%* 0.490%* 0.330%
Vitamin C 1.00 -0.733** 0.537** 0.827%* 0.746%* 0.610%* 0.408**
DPPH(ECso) 1.00 -0.130 -0.962%* -0.965%* -0.103 -0.008
DPPH (VCEAC) 1.00 0.372* 0.301 0.814** 0.553**
DPPH (TEAC) 1.00 0.981%* 0.322% 0.144
ABTS (VCEAC) 1.00 0.213 0.068
ABTS (TEAC) 1.00 0.662**
-carotene
Eleaching (%0.1) 1.00

*and ** correlations significant at p < 0.05 and 0.01, respectively

161
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Figure 4 - HPLC-DAD/UV-Vis of the mixture of standards. Detection at 280
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Figure 5 - HPLC-DAD/UV-Vis of mangaba fruit pulp. Detection at 280 nm. 1,
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trans-cinnamic acid; 12, rutin.
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Figure 6 - HPLC-DAD/UV-Vis of mangaba jam (month 0). Detection at 280

Intensity

nm. 1, Gallic acid; 2, catechin; 3, chlorogenic acid; 4, caffeic acid; 6,
p-coumaric acid; 7, ferulic acid; 8, m-coumaric acid; 10, quercetin;
11, trans-cinnamic acid; 12, rutin.
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Table 3 - Effect of mangaba jam processing on profile of phenolic compounds
recorded by HPLC-DAD/ UV-Vis.?

Number Phenolic compounds Chemical structure A (nm)

RT Mangaba pulp Mangaba jam
(min) (mg 100g™) (mg 100g™%)

5]
HO. i
1 Gallic acid o 280 6,9 0,12 +0,01 0,16 = 0,04

HO O
2 Catechin mw 280 114  170+003 0,98 + 0,03
OH
HO, £OMH
o
3 Chlorogenic acid HO Y A 280 135 0,32 + 0,01 0,24 + 0,01
oH Aok
OH
O
//\\l_/::b__/”‘
4 Caffeic acid s 280 1596 0,35+ 0,18 0,13 + 0,01
OH
Py
5 Vanelin [Lj_;l\om . 280 1734 nd nd
OH
6 p-Coumaric acid e Son 280 18,88 0,06 + 0,00 0,07 £ 0,00

0
7 Ferulic acid “‘CC’@MOH 280 2335 027 +0,02 0,13 + 0,00
HO

8 m-Coumaric acid ”Owo 280 29,31 0,13 + 0,00 0,06 + 0,00
= = / O
9 o -Coumaric acid 280 36,63 nd nd

10 Quercetin o, O o O 280 41,14 3,13 + 0,05 1,64 + 0,06

11 trans -Cinnamic acid OW@ 280 52,69 0,06 + 0,01 0,01 + 0,01
HO

-
12 Rutin h %_ 280 5423  082+000 0,46 + 0,01

%

2Data are expressed as means + standard deviation (n = 3) of fresh weight
nd Not detected

T




156

Figure 7 - Changes in profile of phenolic compounds (gallic acid, catechin, rutin,
and caffeic acid) recorded by HPLC-DAD/UV-Vis during 12 months
of mangaba jam storage at room temperature (22 £ 2 °C, 72 = 11%
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Table 4 - Effect of mangaba jam processing on volatiles compounds tentatively
identified by CG-MS. @

Peak area (%))
Chss Compounds IR Mangaha Mangaha Aroma descripior
pup jam
Akohok  Ethannol - 6.19 16.16 Swreet, pungent
Isobutanol 53 078 0.00 Wine, bitter
1-butannl gag 000 009 Sweet
2-Propyn-1-0l 692 000 003
3-chloro-1-propanol 02 003 0.00 -
3-tnethyd-3-buten-1-01 73 112 1598 Herbal
3 methyl-1-hutanol 7133 492 10.55 Rancid, pungent
3-methyl-1-(phenylmethoxrybatan-2-
ol Tag 033 0.00 -
drnethyl-1-hexanol TR 000 015 Sweat
3-methyl-2-batene-1-01 T 088 144 Hethal
2,3- butanedinl o3 223 .20 Fruity
1,3-butanediol 202 000 194 -
3-tnethyl-3-nitro-1-butanol 245 000 015
Esters Formmic arid pentyl ester 50 014 0.00 -
Ethyd acetate 612 231 0.00 Pineaple
Ethyd isohutyrate 152047 0.00 Fruity
Znethyl pentanoate T2 0l 0.00 Tylint
Butyl acetate 213 045 014 Fruity, sweet, pear
Lmethyl-ethyl ester butyric acid a5 040 0.00 Apple
Ethyl 2-methylbutanoate 72 032 0.00 -
F-tethyl-1-butanol acetate 15 15305 463 -
F-tnethyl-3-buten-1-0l acetate a80 2491 107 Whiskey, malt, bumt
ethiyl undec-10-encate o1 ooz 0.00 -
F-tnethyl -2-bnten-1-ol acetate o2l 1184 149
AMehydes  Z-methyl-2-propenal 51000 033
3-tnethozy-Propanal 613 000 573
F-tnethyl butaral 653 007 0.00 -
Alrond, malt, pungent,
Pentanal 02 00E 0.04 herbal
3-wethyl-2 buatenal 7e8 037 0.00 -
Hexanal 02 115 245 (hreen grass

@ Peaks areas are means of three different GC—-MS runs
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Table 4 Continued
Peak area (%)
Class Compounds IR Mangaha Mangaha Aroma descriptor
pulp jam
Ketones  Z-propanone 501 444 2.05 Pungent
1-penten-3-one 630 0.00 0.19 Pungent, fish, fruity
Cyclopentanone 693 0.00 012 -
3-hydroxy-2-butanene 74 321 1357 Pungent, fruity, mold
2,3-Butanadione 761 0.00 0.19 Creamy, buttery, sickly
Hydrocarhbons Oxzetane 500 0.00 046
2-Methylthiacyclopropane 527 0.00 063 -
Hexane 601 0.00 0.57 Ethereal
Z-methyloct-1-ene 874 0.11 0.00
Isothiocyanato-2-methylpropane 997 0.00 0.14
Aromatics  Benzene 660 0.19 0.00 Paint thinner-like
Toluene 765 0.90 0.00 Pungent, caramel, fruity
Acids Acetic acid 640 0.85 0.00 Sout, vinegar, pungent
3-Amino-d-methyl pentanoic annd 1000 0.05 0.00
Terpenes  L-limenene 1031 019 0.00 Flowery, green, citrus
Ethers 2-Methoxyethyl ether 572 0.42 0.53

@ Peaks areas are means of three different GC—MS runs
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Figure 8 - Changes in volatiles compounds (ethanol, 3-methyl-1-butanol, 3-
methyl-2-butene-1-ol, and 3-methyl-1-butanol acetate) tentatively
identified by CG-MS during 12 months of mangaba jam storage at
room temperature (22 + 2 C, 72 £ 11% RH).
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Figure 9 - Changes in volatiles compounds (3-methyl-3-buten-1-ol, 3-methyl-2-
buten-1-ol acetate, 2-propanone, and 3-hidroxy-2-butanone)
tentatively identified by CG-MS during 12 months of mangaba jam
storage at room temperature (22 £ 2 °C, 72 + 11% RH).
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