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Resumo: O palmiteiro jucara (Euterpe edulis Mart.)) é endémico do bioma
conhecido por Mata Atlantica, sendo seus frutos semelhantes ao do agaizeiro
(Euterpe oleracea Mart.), porém mais ricos em antocianinas e em alguns
elementos quimicos, o que os tornam um importante produto para a alimentacao
das comunidades tradicionais. Todavia, durante o processamento, os frutos
passam por diferentes etapas para a extracao de sua polpa, o que podem afetar a
bioacessibilidade dos micronutrientes. Objetivos: O objetivo geral deste trabalho
foi verificar a bioacessibilidade de micronutrientes no mesocarpo dos frutos e
polpa de jucara e, por objetivos especificos: i. verificar o efeito das diferentes
etapas do processamento na bioacessibilidade dos micronutrientes presentes no
mesocarpo dos frutos e polpa de jucara ii. determinar a bioacessibilidade in vitro
dos micronutrientes pelo método da digestdo gastrointestinal (IVG) seguida de
analise por espectrometro de emisséo Optica com plasma indutivamente acoplado
(ICP-OES). Métodos: Em cada etapa do processamento foi colhido o mesocarpo
dos frutos elou polpa para a determinacdo da bioacessibilidade dos
micronutrientes utilizando o método da digestdo gastrointestial in vitro (IVG). Os
elementos calcio (Ca), magnésio (Mg), ferro (Fe), manganés (Mn), cobre (Cu) e
zinco (Zn) foram determinados por ICP-OES. O experimento foi conduzido
segundo um delineamento em blocos casualizado (DBC), onde os blocos foram
constituidos pelas origens (Ubatuba I, Ubatuba I, Jaboticabal |, Jaboticabal Il e
Ameérico Brasiliense) com quatro tratamentos (i. frutos frescos, ii. frutos depois de
lavados, iii. frutos depois da embebicao, iv. polpa recém processada congelada).
Resultados: Nao foi possivel determinar a bioacessibilidade do Ca e Zn. A
bioacessibilidade dos minerais Mg, Mn, Cu e Fe diminuiu nas diferentes etapas de
processamento. Concluséo: O processamento dos frutos de jucara afeta o teor
de minerais e a bioacessibilidade dos mesmos, tendo sido observado um
aumento expressivo no teor de macro e microelementos apds o despolpamento.
Foi possivel determinar a bioacessibilidade de alguns minerais com excecdo do
Ca e Zn. O consumo de 200 mL de polpa de jucara se mostrou apropriado para o
fornecimento de parte da ingestdo recomendada de nutrientes (RDA) dos
microelementos estudados, contudo o teor de Zn mesmo estando acima deste
parametro para criancas de 1 a 3 anos, nao ultrapassou o nivel de ingestdo
maxima tolerada (UL), deste modo ndo causara danos a saude das mesmas.

Palavras-Chave: ICP-OES. Ca. Mg. Fe. Mn. Cu e Zn.



Abstract: Jucara palm tree (Euterpe edulis Mart.) is endemic from a biome know
as Atlantic Forest, and its fruit are similar to acai (Euterpe oleracea Mart.), but
richer in anthocyanin and chemical elements, which make them a important food
produce for the local population. However, during its processing, the fruit are
subjected to different unit operation to extract their pulp and it can affect the
chemical elements biaccessibility. Objectives: The general object of this study
was to verify the chemical elements bioaccessibility in fruit and jucara pulp and,
the specific objectives were: i. verify if the different unit operations affect the
chemical elements bioaccessibility, and ii. determine the in vitro chemical
elements bioacessibiity using the in vitro gastrointestinal method (IVG) followed by
ICP-OES determination. Methods: For each unit operation during jucara
processing fruit and/or pulp were collected to determine the chemical elements
bioacessibility using the in vitro gastrointestinal method (IVG). It was determined
the chemical elements Ca, Mg, Fe, Mn, Cu and Zn using Inductively coupled
plasma atomic emission spectroscopy (ICP-AES). The experiment was conducted
according to randomized complete blocks design (CBD), where the blocks were
constituted by the origens (Ubatuba |, Ubatuba Il, Jaboticabal I, Jaboticabal Il and
Ameérico Brasiliense) with four treatments (i. fresh harvested fruits, ii. fruits which
were washed, iii. fruits after softened in water, iv. processed pulp). Results: It was
not possible to determine the bioaccessibility of Ca and Zn. The chemical
elements Mg, Mn, Cu, and Fe bioaccessibility reduced during processing.
Conclusion: Jucara fruit processing affected the content and bioaccessibility of
the chemical elements, and it was observed a sharp increment in the content of
macro and microelements after pulp extraction. It was possible to determine the
chemical elements bioaccessibility with exception of K, Ca, and Zn. The
consumption of 200 mL of jucara pulp showed to be appropriate to supply part of
the recommended daily allowance (RDA) of the studied microelements, however
the Zn content even above the of the required for children from 1 to 3 year old, it
did not surpassed the maximum tolerate ingestion (UL). Therefore, health
problems will not be observed

Key-words: ICP-OES. Ca. Mg. Fe. Mn. Cu and Zn.
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INTRODUCAO

O Brasil é o maior pais do continente Sul americano ocupando
aproximadamente metade desta area. Com grande diversidade climatica, €
possivel encontrar diferentes zonas biogeograficas que resultam em uma
multiplicidade de biomas e, consequentemente, uma ampla diversidade da flora e
fauna. Desta forma, o Brasil abriga cerca de 20% da biodiversidade mundial,
apresentando a mais diversa flora do mundo, com um ndmero de espécies

catalogadas de aproximadamente 55 mil espécies”.

Apesar da rica biodiversidade brasileira, a maior parte da atividade agricola
nacional € baseada na utilizacdo de espécies exéticas. Desta forma, € imperativo
a disponibilizacdo de investimentos no sentido de se buscar o melhor
aproveitamento da riqueza natural que se dispde. Neste sentido, o Ministério do
Meio Ambiente (MMA) desenvolveu uma iniciativa chamada “Espécies Nativas da
Flora Brasileira de Valor Econédmico Atual ou Potencial, de Uso Local e Regional —
Plantas do Futuro™, que foi executado em parceria com diversas instituicoes
governamentais e ndo governamentais. As espécies foram agrupadas de acordo
com seu potencial de uso em: alimenticias, frutiferas, aromaticas, medicinais,
oleaginosas, ornamentais, fibrosas, toxicas, forrageiras, madeireiras, apicolas e
ambientais, sendo as mesmas priorizadas em fungéo de sua regido de origem. De
um total de 674 espécies estudadas, 41 foram priorizadas como alimenticias e 28
como frutiferas, tal iniciativa contribuiu para o aumento da seguranca alimentar do
Brasil, pois o0 pais apresenta forte dependéncia de poucas espécies, em sua

maioria exoticas’.
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Uma das espécies alimenticias priorizadas no ambito do Projeto Plantas

para o Futuro para as regifes sul e sudeste foi a Euterpe edulis Mart., que é
conhecida popularmente por jucara, palmito, palmito-jucara, ripeiro, acai-da-mata-
atlantica®. Esta espécie de palmeira monopédio foi explorada de forma continua e
ilegal por produzir um tipo de palmito que era muito apreciado em varias regides
do pais, porém, para que o palmito fosse obtido era necessario o corte da planta.
Desta forma, a exploracdo desta espécie de maneira desenfreada, ocasionou
grande degradacdo ao meio ambiente, colocando a jucara em risco de extincao,
além de gerar prejuizo também as populacdes tradicionais, que se utilizavam do
manejo sustentavel através da venda de seus frutos como meio de sobrevivéncia

e geracdo de renda* > °,

A exploragdo dos frutos da jucara na forma de polpa foi uma forma
encontrada para mitigar sua extin¢do, ja que para isso ndo € necessario o corte
da planta. Soma-se a isso 0 habito de consumo de acai (Euterpe oleracea Mart.)
que se disseminou por todo a pais, resultando no aumento da demanda por frutos
para atender a este segmento de mercado’. Os frutos de jucara se assemelham
aos do acai e contém grande quantidade de antocianina, 1.340 mg.100g™ de
fruta®, apontando este fruto como um alimento com elevada capacidade
antioxidante, com acéo anti-inflamatoria e inibidora da oxidacdo de lipoproteinas
de baixa densidade (LDL)*'°. Segundo Borges et al (2011)*, a polpa da jucara
também contém elevada quantidade de lipideos (18% a 44%), sendo os acidos
graxos insaturados oleico e o linoleico os presentes em maior proporcdo. Esta
também € rica em outros nutrientes como as proteinas (5% a 8%), as cinzas

(1,5% a 3,3%) e os minerais calcio (Ca), potassio (K), sédio (Na) e ferro (Fe). Em
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relacdo ao teor de terras raras, ha grandes diferencas entre a polpa de acai e
jucara cultivadas em condi¢cBes similares, sendo a de acai mais rica em samario
(Sm), tério (Th), lantanio (La), cério (Ce) e neodimio (Nd) que a de jucara®®. A
polpa da jucara possui um teor de vitamina B2 (riboflavina) mais elevado quando
comparada ao acai da Amazbnia, aléem de teores mais altos de compostos

fendlicos, antocianinas e vitamina C*3 4,

Apesar da importancia da jucara como alimento, pouco se sabe a respeito
da bioacessibilidade dos micronutrientes presentes em seus frutos. Estudos de
bioacessibilidade sdo importantes, uma vez que mostram quanto de um
determinado nutriente do alimento é libertado da matriz alimentar para o fluido
intestinal apds o processo de digestdo, se tornando aptos para serem absorvidos,
mas que nem sempre serdo biodisponiveis, ou seja, absorvido pelas células™.
Schulz et al (2017)'° ao estudar a bioacessibilidade de minerais em frutos de
jucara, verificou que os frutos no final da sua maturacdo apresentaram melhor
aproveitamento nutricional em relagcdo aos elementos célcio (Ca), ferro (Fe),
manganés (Mn), selénio (Se) e cobre (Cu). Apesar desta referéncia e sabendo
que os processamentos dos alimentos podem influenciar a composicdo em
micronutrientes, o objetivo deste trabalho foi verificar como as etapas do
processamento tradicional dos frutos de jucara (Euterpe edulis Mart.) afetam a

bioacessibilidade dos minerais.
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Resumo: As plantas conhecidas popularmente como palmeiras dividlem-se no
mundo em mais de 240 géneros com 2.522 espécies descritas, sendo muito
utilizadas pelo homem para diversos fins como, por exemplo: alimentacdo
humana e animal, e projetos paisagisticos. As palmeiras do género Euterpe
dividem-se no Brasil em sete espécies, sendo as mais importantes
economicamente pelo fornecimento de palmito e aproveitamento dos frutos como
alimento a Euterpe precatoria var. precatoria, Euterpe oleracea e por fim a
Euterpe edulis, conhecida também com jucara, jicara, icara ou ripeira. A jucara
ocorre desde o estado da Bahia até o Rio Grande do Sul, podendo ser encontrada
também no extrato médio da floresta ombréfila densa (Floresta Tropical Atlantica -
Mata Atlantica) e, mais raramente, na floresta estacional decidual e em outros
paises como o Paraguai e a Argentina. O palmito da jucara foi intensamente
explorado com o corte indiscriminado sem reposicao, principalmente na década
de 70, assim reduzindo a populacdo desta espécie que esteve a ponto de quase
ser considerada extinta. As plantas de jucara produzem frutos com cerca de 1
centimetro (cm) de didmetro e 1 grama (g) de peso, com forma arredondada,
coloracdo violeta purpura, possuindo apenas um caroco e uma fina camada de
polpa carnosa, agrupando-se em cachos com peso aproximado de 3 quilos (kg)
contendo até 3.325 frutos maduros. O consumo dos frutos da jucara beneficia os
animais que dela se alimentam, e também, os residentes das comunidades
situadas nas regides de sua ocorréncia, como por exemplo, o Vale do Ribeira,
regido composta por 23 municipios localizada nos estados de Sdo Paulo e Parana
que abriga uma rica biodiversidade ambiental, contendo cerca de 21% da
vegetacdo remanescente de Mata Atlantica existente no Brasil, porém
apresentando os menores indices de Desenvolvimento Humano (IDH). E notavel
gue com o manejo da Jucara ocorra melhora da seguranca alimentar e nutricional
desta populacdo, uma vez que as familias conseguem obter com a exploracdo
deste fruto um trabalho e fonte de renda sustentavel, além de uma melhor
nutricdo, ja que o perfil nutricional da jucara é excelente. O processamento dos
frutos da jucara contempla as seguintes etapas: escolha e coleta, triagem,
lavagem com &agua potavel, embebicdo, despolpamento e congelacdo. Sendo
assim apesar da riqueza dos frutos de jucara em termos nutricionais, ha pouca
informacdo em relacdo a biodisponibilidade e bioacessibilidade dos compostos
presentes nesse fruto que sédo determinadas geralmente por métodos in vitro.

Palavras-chave: jugara, micronutrientes, processamento, bioacessibilidade.



1. REVISAO DE LITERATURA

1.1. Aspectos botéanicos e descri¢cdo da espécie

As plantas conhecidas popularmente como palmeiras pertencem a familia
Arecaceae, sendo estas monocotiledéneas e em todo o mundo existem cerca de
240 géneros com 2.522 espécies descritas. No Brasil, 0 nUmero de espécies fica
em torno de 270, distribuido em 37 géneros diferentes'’. Os principais géneros
encontrados no Brasil sdo Syagrus, Astrocaryum G. Mey e Attalea Kunt, ja nas
regides costeiras e serras, 0s géneros Euterpe, Bactris, e Geonoma sdo 0s mais

comuns*® 1°,

As palmeiras sdo muito utilizadas pelo homem. Segundo Alves e Carvalho
(2010)%°, essas sdo usadas tanto para o fornecimento de produtos alimenticios
guanto para compor projetos de paisagismo, devido as suas formas e beleza que
sdo manifestadas pela ampla variedade de folhas e caules, sem esquecer ainda
da importancia para a fauna e flora que podem utiliza-las também para subsistir,

denotando seu valor alimenticio, ambiental e socioeconémico.

1.1.1. Género Euterpe

As plantas deste género recebem este nome em homenagem a deusa da
mitologia grega Euterpe, que significa “elegancia da floresta”. No Brasil foram
descritas sete espécies deste género, ou seja: E. precatoria var. precatoria, E.
oleracea e E. edulis, (as mais importantes economicamente pelo fornecimento de
palmito e aproveitamento dos frutos como alimento), E. catinga var. catinga, E.

catinga var. roraimae, E. longibracteata e E. precatoria var. longevaginata, 2. A
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distribuicdo destas espécies, segundo Martins (2012)*8, ocorre em areas de baixa

altitude em florestas iumidas e pantanos, além de encosta de montanhas.

1.1.2. Ajucara

A jucara (Euterpe edulis Mart.) € uma espécie de palméacea nativa do Brasil
ocorrendo do estado da Bahia ao Rio Grande do Sul?®>. Esta pode ser encontrada
no extrato médio da floresta ombréfila densa (Floresta Tropical Atlantica - Mata
Atlantica) e, mais raramente, na floresta estacional decidual’. Pode ser

encontrada também em outros paises como o Paraguai e a Argentina®.

Conhecida também como jicara, icara ou ripeira (devido a seu caule servir
de ripas em construcdes), € uma planta mais bem adaptada a ambientes umidos
e com um pouco de sombra (embora crescam em direcao ao sol), demorando de
6 a 10 anos para comecar a produzir seus frutos que também servem de alimento
para os animais da floresta, como por exemplo: macacos e passaros, que

auxiliam na dispersdo das sementes, contribuindo para sua reproducéo®.

Por causa de seu valor econémico, o palmito da jucara foi intensamente
explorado, com corte indiscriminado e sem reposi¢céo das plantas, principalmente
na década de 70. A reducdo na populacdo desta espécie chegou no ponto dela
quase ser considerada extinta. Atualmente, € encontrada em areas protegidas da

Mata Atlantica, como também em lugares de dificil acesso®.

Diferentemente do acaizeiro, a jucara é uma palmeira que possui um unico
caule (monopddio) que pode chegar a 15 metros de altura, sendo coberto por um

tufo denso de folhas grandes (2 — 2,5 m de comprimento) que serve para prote¢céo
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do palmito de 6tima qualidade. A frutificacdo ocorre nos meses de marco a junho,

quando os frutos passam a apresentar uma coloracédo roxa escura’.

Os frutos séo pequenos medindo cerca de 1 centimetro (cm) de diametro e
pesando 1 grama (g). Estes tem forma arredondada, coloracéo violeta-purpura,
possuindo apenas um caro¢o e uma fina camada de polpa carnosa (mesocarpo).
Os frutos se agrupam em cachos com peso aproximado de 3 quilos (kg) que
contém até 3.325 frutos maduros, que vém sendo bastante utilizados como
alimento em forma de polpa a semelhanca do “acai” ?® ?’. Mac Fadden (2005)*
relatou que o cultivo de jucara em consorcio com bananeiras resultou na
producéo de 4.000 kg de frutos por safra em uma populacéo de 400 palmeiras por
hectare (ha). Isto é uma alternativa econémica viavel ao monocultivo de bananeira

no estado de Santa Catarina.
1.2. Vale do Ribeira e o Projeto Jucara

O Vale do Ribeira é uma regido localizada ao Sul do estado de S&o Paulo e
ao Leste do estado do Parana. Seu nome se deve a bacia hidrografica do Rio
Ribeira de Iguape e ao Complexo Estuarino Lagunar de Iguape, Cananeia e
Paranagua. Este vale possui uma éarea de 1.711.533 ha, abrangendo 23

municipios onde vivem cerca de 439.199 habitantes %°.

Segundo Romao (2006)*, o Vale do Ribeira trata-se de uma regido cujos
indices de desenvolvimento humano (IDH) sdo muito baixos quando comparados
aos do estado de S&o Paulo, estado mais rico do pais. O indice de pobreza varia

de alto a médio, com esta regido apresentando ainda elevado indice de


https://pt.wikipedia.org/wiki/Unidades_federativas_do_Brasil
https://pt.wikipedia.org/wiki/S%C3%A3o_Paulo
https://pt.wikipedia.org/wiki/Paran%C3%A1
https://pt.wikipedia.org/wiki/Rio_Ribeira_de_Iguape
https://pt.wikipedia.org/wiki/Rio_Ribeira_de_Iguape
https://pt.wikipedia.org/wiki/Iguape
https://pt.wikipedia.org/wiki/Cananeia
https://pt.wikipedia.org/wiki/Paranagu%C3%A1
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mortalidade infantil, desemprego, incidéncia de doencas endémicas e a mais
baixa renda per capita do estado de S&o Paulo. Somando-se a isso, cerca de
75% das terras da regido séo regidas por leis de protecdo ambiental, sendo 58%
desta area institucionalmente protegida sob a forma de parques e estacbes

ecologicas, o que imp0de a proibicdo de qualquer uso econdémico.

As condi¢cées ambientais de solo, clima e relevo fizeram do Vale do Ribeira
um territério que abriga cerca de 50% da vegetacdo nativa remanescente do
estado de Sao Paulo e 21% da vegetacdo remanescente de Mata Atlantica
existente no Brasil. Apesar do rico patrimbnio ambiental, € uma regido em que
seus residentes, a maior parte quilombolas, seguido de comunidades caicaras e
indigenas, vivem de modo precario, pois essa regido durante muitos anos foi
explorada em funcdo de seus recursos naturais de baixo custo sem geracao de

renda & populacéo local** *.

Atualmente, tais comunidades sobrevivem do manejo sustentavel dos
recursos, como por exemplo: turismo local; producdo e comercializacdo de mudas
nativas, especialmente as que correm risco de extincdo como a palmeira jucara;
producdo de polpa de jucara, através do aproveitamento dos frutos, o que é mais
rentavel que o corte para a obtencdo do palmito e a maricultura (criacdo de

mariscos, ostras e peixes em cativeiros)3*33,

Como ja foi citado, o consumo dos frutos da jucara beneficia os animais
gue dela se alimentam, mas também, os residentes das comunidades situadas
nas regidoes de sua ocorréncia, pois podem ajudar a melhorar a seguranca

alimentar e nutricional, uma vez que seu perfil nutricional é excelente e com a
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producdo de polpa de jucara, as familias conseguem obter um trabalho e uma
fonte de renda para si**. O aproveitamento integral da jucara foi possivel gracas
ao inicio de projetos criados com o intuito de preservar, replantar e fazer o
aproveitamento sustentavel dos frutos que incluiu as comunidades locais,

organizagdes nao governamentais (ONG’s) e os diferentes niveis de governo®.

Dentre estes projetos, vale destacar o Programa Jucara, criado pelo
Instituto de Permacultura e Ecovilas da Mata Atlantica (IPEMA) uma ONG sediada
em Ubatuba — SP. Este projeto é resultante da organizacao e trabalho conjunto de
comunidades quilombolas, caicaras e indigenas, para a conservacdo da Mata
Atlantica, através do manejo sustentavel da palmeira Jucara e de outras frutas

nativas®®.

Atualmente o Programa Jucara atua em seis comunidades localizadas em
Ubatuba e Paraty sendo trés quilombos: Fazenda, Cambury e Campinho; duas
comunidades caicaras - Ubatumirim e Trindade e uma aldeia indigena, Aldeia Boa

Vista®’.

1.3. Processamento dos frutos de jucara

O consumo dos frutos de jucara in natura ndo é viavel em funcao de sua
baixa porcentagem de polpa (15%), pois a semente € a maior parte nte do
mesmo, e por esta razdo eles sdo utilizados para a producdo de polpa a

semelhanca do acai e pode receber o nome de acai de jucara >® *°.

O processamento dos frutos ocorre principalmente em pequenas

agroindustrias familiares, que podem ou ndo empregar a pasteurizacao da polpa,
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ja que os equipamentos utilizados sdo de custo elevado e ndo obrigatorios, uma
vez que ndo existe uma legislacdo especifica para garantir as caracteristicas
minimas de qualidade fisico — quimicas para a polpa proveniente da jucara. No
entanto, quando empregada, a pasteurizacdo ajuda a reduzir a contaminacao
microbiana presente, inativa enzimas e preserva alguns nutrientes, ou seja,

aumenta a vida Gtil deste produto que é altamente perecivel*® !,
Devido a semelhanca entre as espécies, o processamento dos frutos de

jucara se parece muito com o utilizado para os frutos de acaizeiro (Figura 1).

Ezcolhaecoleta Congelacdo

Triagem Despolpamento
Lavagem com agua potavel Embebicdo
Aplicacdo desinfetante de frutas Enxaguecomagua

Figura 1. Fluxograma das etapas de processamento de frutos de jucara (Euterpe

edulis Mart.).

O processamento tradicional ocorre conforme o fluxograma apresentado na

Figura 1, cujas etapas sdo descritas a seguir®:
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e Escolha e coleta: € feita com a observacdo das plantas que
apresentam cachos inteiramente maduros, estes sdo derricados
através do corte dos coletores que sobem nas palmeiras para corta-
los;

e Triagem: descarte dos frutos indesejaveis (imaturos);

e Lavagem: com agua potavel corrente;

e Aplicacdo de desinfetante: é opcional e serve para eliminar ou
reduzir a contaminacdo microbiana da superficie dos frutos;

e Enxague: para a remocao do agente desinfetante, é feito com agua
corrente potavel;

e Embebicdo: imersdo dos frutos em &agua a ~40°C durante 40
minutos;

e Despolpamento: pode ser feito usando-se pano e agua potavel ou
despolpadeiras elétricas verticais, que sdo feitas em aco inox e
possuem um tambor principal com hélices, eixo central e suporte
para fixac@o, além de 2 saidas na parte inferior, uma para sementes
e outra para a polpa. Elas sao utilizadas para a producdo da polpa
em escala maior, 100 a 200 L/maquina/dia;

e Congelacdo: € realizada visando conservar as caracteristicas

organolépticas da polpa e sua preservacao.

N&o existe legislacdo especifica para a polpa de jucara, contudo, devido a
similaridade entre as espécies, esta poderia se enquadrar na Instrucdo Normativa
n° 01, de 07 de janeiro de 2000, do Ministério da Agricultura e Pecuaria (MAPA),

que trata do Padréo de Identidade e Qualidade (PIQ) da polpa de acai*’.
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Segundo Castro (2012)%, alguns esforcos vém sendo realizados no intuito

de regularizar a producéo de polpa a partir da Euterpe edulis Mart. (jucara), seja
pela insercao da espécie no PIQ (Padrao de Identidade e Qualidade) existente ou
através da elaboracdo de um documento préprio. Esta dltima opcdo tem sido
defendida pela rede de articulagdo socioeconémica denominada “Rede Jugara”,
como uma estratégia de marketing ao diferenciar os produtos e evitar a

concorréncia com a industria estabelecida na regido amazénica.

1.4. Composicao quimica e qualidade nutricional

A composic&o quimica e nutricional de 100 g.mL™ de polpa de Jucara seca

esta apresentada na Tabela 1:



Tabela 1. Composicdo quimica de 100 g.mL™ de polpa de jucara seca.

14

Silva, Schulz Ribeiro, Castro Coletivo Garbin, Barros,

Barretoe  (2008)**  Mendese  (2012)* Catarse Helm, Costa,

Serddio Pereira (2014)*  Pimentel et  Ribeiro et

(2004)* (2011)*3 al (2015)* al

(2015)*'

Valor caldrico total (kcal) - - - - 63,8 10,3 -
Carboidratos totais (g) - - 6,27 - 5,7 - -
Proteinas (g) - - 0,09 8,44 0,67 1,27 0,1363
Lipideos (g) - - 4,36 - 3,5 0,58 -
Fibras alimentares (Q) - - - - 3,23 - -
Sadio (mg) - - 19,3 - 3,51 3,00 -
Fosforo (mg) 8,0 - 5,2 - 12,85 - -
Potassio (mg) 121,0 - 94,8 - 101,07 551 -
Célcio (mg) 43,0 - 4,3 - 33,96 16,88 -
Magnésio (mg) 15,0 - - - 9,42 5,25 -
Ferro (mg) 55,9 - 46,6 - 0,59 1,39 -
Zinco (mg) 1,2 - - - 0,23 0,25 -
Cobre (mg) 1,4 - - - 0,12 0,03 -
Manganés (mg) 4,34 - - - 0,31 0,26 -
Enxofre (mg) - - - - 11,14 8,82 -
Boro (mg) - - - - 0,08 - -
Solidos soluveis totais - - 3,03 5,14 - 2,07 6,73
Umidade (%) - - 88,90 - - 97,93 88,9
Antocianinas totais (mg) - 58,5 235,8 92,58 61,85 - 153,12
Compostos fendlicos (mg) - 398,6 - 428,58 - - -
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Os frutos de jucara sdo considerados uma o6tima fonte de energia, advinda
da presenca de acidos graxos de boa qualidade, tais como o palmitico, o oleico e
linoleico. Além disso, estes frutos séo ricos em antocianinas, como observado no
trabalho de Ribeiro, Mendes e Pereira (2011)*® com 235,8 mg em 100 g.mL™ e
outros compostos fendlicos, em que a polpa de jucara apresenta maior teor
(428,58 mg em 100 g)*® — Tabelal, por exemplo em comparacédo em folhas e
frutos maduros de jamboldo®® (fruto fonte deste nutriente) com cerca de 237
mg.100 g* . Tais pigmentos, além de conferirem a coloracdo caracteristica dos
frutos, sdo responsaveis pela funcionalidade como alimento, ou seja, a
capacidade de trazer beneficios a saude. Somam-se também a estes frutos os
muitos micronutrientes, elementos quimicos essenciais — que se enquadram no
critério de essencialidade, isto €, tanto sua auséncia quanto deficiéncia no
consumo acarretam prejuizos a saude humana, revertidos através da ingestao

destes metais*® *°.

Na tabela 1 pode ser observada a composi¢do quimica da polpa de jucara.
Podem ser ressaltados o elevado teor do mineral potassio (K), por exemplo
101,07 mg.100 g*, importante eletrdlito envolvido na manutencéo dos equilibrios
osmoético, hidrico e acido-base, além de promover o crescimento muscular. Da
mesma forma, a riqueza em ferro (Fe), componente da hemoglobina e da
mioglobina; manganés (Mn), constituinte dos sistemas enzimaticos essenciais;
cobre (Cu), componente das enzimas e de proteinas cupricas do sangue; € 0

zinco (Zn), constituinte de muitas enzimas e da insulina®.
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Em relacdo aos micronutrientes, estudos realizados comparando a polpa
de acai com a da jucara foram observados quantidades superiores de K (65,7%),
Fe (70,3%) e Zn (20,8%) na polpa de jucara em relacdo a do acai. Porém, no
caso do Fe, a forma quimica presente na polpa de jucara ndo € totalmente
aproveitada pelo organismo, por formar compostos insolUveis. Seu consumo com
outras frutas ricas em vitamina C como o limdo, a tangerina e a laranja, por

exemplo é sugerido para aumentar a absorgéo®> 2,

Em relacdo ao teor de terras raras, ha grande diferencas entre a polpa de
acai e jucara, sendo a de acai mais rica em samario (Sm), tério (Th), lantanio
(La), cério (Ce) e neodimio (Nd) que a de jucara, como foi observado no trabalho

de Santos et al (2014)*? com plantas préximas.

1.4.1. Antocianinas

Em relacdo ao teor de antocianinas, laderoza et al. (1992)® identificaram a
cianidina-3-glucosideo e a cianidina-3-rutinosideo como as principais antocianinas
presentes nos frutos de jucara. Além disso, estes autores verificaram que a polpa
de jucara tem quatro vezes mais antocianinas do que a polpa de acai, 1.340 e
336 mg.100g™, respectivamente. Estes dados indicam a importancia da adicdo
desse alimento na dieta habitual das pessoas, devido aos efeitos benéficos das

antocianinas na prevencéo de cancer e doencas cardiovasculares®.

Vale lembrar que as antocianinas sao a forma glicosilada das
antocianidinas, subgrupos dos flavonoides (grupo mais comum), que contém

também flavanol, flavanona, flavanonol, flavonas, isoflavonas e outros 2 grupos
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como acidos fendlicos e cumarinas, que integram o grande grupo de compostos
fendlicos — e que sdo encontrados em todo o reino vegetal e responsaveis por

beneficios a satde humana®.

A hidrossolubilidade é uma importante caracteristica presente nas
antocianinas pois durante o processamento deste alimento se utiliza maceracéo
em agua, que depois é descartada, levando consigo até 50% das antocianinas

presentes™.

Outra caracteristica que afeta sua estabilidade (com consequente mudanca
de cor e formacédo de produtos insoluveis) é o seu papel de corante, sendo assim,
fatores como pH (com aumento do pH intensidade de cor diminui); influéncia da
copigmentacao (antocianinas que se unem a aminoacidos ou acidos organicos ou
flavonoides podem promover um aumento da cor); luz (juntamente com o pH
podem destrui-las); temperatura (ocorre intensa degradacdo quando submetidos
a mais de 25°C); presenca de outros metais (quando ligadas a aluminio, ferro e
outros metais se tornam mais estaveis ao calor, pH e oxigénio) e oxigénio
(promove degradacdo por provocar oxidacdo dos constituintes do meio com as

antocianinas) afetam negativamente as antocianinas>.

1.5. Biodisponibilidade e Bioacessibilidade

Apesar da riqueza dos frutos de jugcara em termos nutricionais, ha pouca
informacdo em relacdo a biodisponibilidade e bioacessibilidade dos compostos
presentes neste fruto, pois durante o processamento podem ocorrer alteracdes no

teor de micronutrientes e antocianinas, que sao substancias hidrossoluveis, e pela
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necessidade de se macerar os frutos em agua para a obtencéo da polpa, o que

pode extrai-la , e leva-la ao descarte com a agua®**°.

Para que exerga influéncia na salde dos seres vivos € necessario se
conhecer os niveis de ingestdo indicados dos nutrientes, a denominada
Recommended Dietary Allowances (RDA), que €& a referéncia nutricional
americana e integrante das Dietary Reference Intake (DRI) e que apresenta a
populacdo um valor numérico médio de ingestéo diaria do nutriente estimado que
atende as necessidades de 97,5% da populacdo saudavel®®. Além disso, é
necessario também saber como ocorre a bioacessibilidade e biodisponibilidade
destes compostos, sendo que a biodisponibilidade avalia a fragcdo do nutriente
que atinge a circulacéo sistémica, ja o termo bioacessibilidade se refere a fracao
de um composto liberado da sua matriz alimentar no trato gastrointestinal que se

torna disponivel para a absorcao intestinal®” *®.

No caso da bioacessibilidade dos micronutrientes, Jesus Pereira (2014)°°,
relatou que esta pode variar de menos de 1% a mais de 90% dependendo da
espécie gquimica, além disso, a bioacessibilidade sofre influéncia de fatores que
influenciam o estado quimico do nutriente, assim como sua liberagcdo da matriz
alimentar, formacado de compostos estaveis que séo lentamente metabolizados,
interacbes com outros componentes dos alimentos, e presenca de supressores e

outros cofatores.
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1.5.1. Determinagéo da bioacessibilidade

A determinagdo da bioacessibilidade geralmente é feita por meio de
meétodos in vitro que simulam a digestdo gastrointestinal em funcdo da sua
rapidez e seguranca, além do que se evita questdes éticas relacionadas aos

métodos in vivo™.

Existem diversos modelos de digestao in vitro que podem ser escolhidos
conforme o tipo de alimento a ser analisado, a natureza da matriz alimenticia e a
composicao dos fluidos, por exemplo, as enzimas podem ser de origem humana,
animal ou vegetal. Além disso, é necessario se atentar a temperatura de 37°C e
ao tempo de digestdo indicado, para imitar as condi¢bes in vivo. Estas
observacdes sao imprescindiveis para evitar 0s possiveis vieses que possam

ocorrer ao tentar imitar o sistema digestério natural®.

Alguns exemplos de modelos para estudo da bioacessibilidade in vitro:
Teste simples de bioacessibilidade por extracdo (SBET), Teste de extracao
baseado na fisiologia (PBET), Modelo Gastrointestinal in vitro (IVG) e Modelo
estatico gastrointestinal (DIN), que foram desenvolvidos e vieram sendo
melhorados para utilizagdo em estudos na area de alimentos. A maior parte deles
consiste na simulacdo da digestdo humana com aplicagcdo das solugdes
encontradas nas trés principais areas: boca, estbmago e intestino, sendo que a
fase oral pode ser omitida, devido ao pouco tempo que o alimento fica na boca,
porém quando realizada, se procede da seguinte forma: a amostra € deixada em
contato com a solucao salina basal com pH 6,5 por 2 minutos, depois, segue-se

com as demais etapas utilizando enzimas, aminoacidos, sais organicos e
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inorganicos e outros reagentes, descritas a seguir: a amostra € incubada a 37°C
por determinado tempo com pepsina em pH acido (simulando digestdo estomacal)
e posteriormente em pH basico, com adicdo de extratos de bile e pancreatina

(simulacdo da digestdo intestinal)®" ©2

. Alguns meétodos in vitro simulando a
digestdo humana foram utilizados em estudos com mandioca®®, macd e

amaranto®®, multimistura e quinoa® e polpa de jucara®®.

Outro método interessante para a determinacdo da bioacessibilidade de
nutrientes em alimentos foi desenvolvido por McDougall et al (2005)® ao
utiizarem membranas de didlise para simular a absorcédo intestinal de
antocianinas em framboesa (Rubus edaeus cv. Glen Ample), apds a digestéo in
vitro. Este método também foi testado para determinar a bioacessibilidade de

polifendis em geleia e marmelada de cenoura-negra (Daucus carota L.).

Para se determinar o teor total de micronutrientes da amostra, e ndo o
quanto estara bioacessivel, objeto da digestdo in vitro simulando condicdes
humanas, é necessario a realizacdo de um método chamado digestao
nitroperclérica, técnica tradicional que consiste em promover a oxidac¢ao de toda e
qualquer matéria organica, disponibilizando-os em forma de sérum, através da
adicdo dos acidos nitrico (HNO3) e perclérico (HCIO,) seguido de posterior
aquecimento das amostras em bloco digestor. E uma técnica muito utilizada,
porém apresenta algumas limitacbes como a emissao de vapores toxicos e ser

um processo longo e perigoso®.
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1.5.2. Determinacdo de minerais

Existem diversos métodos para determinacdo de minerais em alimentos,
sendo 0s mais usados: espectrometria de absorcao atomica (AAS), muito utilizada
para analisar de forma elementar (ug L) metais em amostras ambientais,
biologicas e de alimentos, apresentando resultados de forma rapida, facil e
confiavel®” ®8: a espectrometria de massas com plasma indutivamente acoplado
(ICP - MS), de facil manuseio detecta cerca de 90 % dos elementos mostrados na
tabela periddica, porém apresenta limitacdes como interferéncias espectrais,
interferéncias de matriz, limitada ionizacdo de elementos halogénicos, etc®®; e a
espectrometria de emissdo Optica com plasma indutivamente acoplado (ICP-

OES)™.

O uso do ICP-OES é muito indicado, uma vez que € uma técnica tradicional
e apresenta varios beneficios como, por exemplo: analise multielementar e
simultanea, sensibilidade para deteccdo de elementos traco, precisdo e ampla
faixa linear. Nele sdo gerados espectros eletromagnéticos nas regides do

ultravioleta visivel, devido a transicdes eletrénicas em atomos e fons excitados®*
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CAPITULO 2.

How does the processing of jucara fruit (Euterpe edulis Mart.) affects the

bioaccessibility of micronutrients?
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Abbreviated version: Micronutrients bioaccessibility of jucara fruit

Keywords: Inductively coupled plasma optical emission spectrometry (ICP-OES), in vitro

digestion, micronutrients, minerals.

Abstract: The Atlantic Forest is considered a biodiversity hotspot and jucara palm tree
(Euterpe edulis Mart.) is a key species in this ecosystem. Jugara fruit are rich in macro and

micronutrients, making them an important food for traditional communities. However,
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during processing, the fruit undergo several operation units to extract the pulp, which
might affect the bioaccessibility of micronutrients, especially minerals. The objective of
this study was to verify if the different processing steps of jucara fruit affect the
bioaccessibility of the minerals such as calcium (Ca), magnesium (Mg), iron (Fe),
manganese (Mn), copper (Cu) and zinc (Zn), as well as to determine the minerals
bioaccessibility by in vitro gastrointestinal digestion (IVG) method followed by
inductively coupled plasma optical emission spectrometry (ICP-OES) analysis. Samples of
the fruit mesocarp and jucara pulp were collected after each processing step to determine
bioaccessibility using the IVG method, and the minerals were determined by ICP-OES.
The experiment was conducted in a randomized block design, where the blocks were
constituted based on the origins of the fruit and four treatments (processing steps). The
bioaccessibility of all minerals decreased in the last processing step (pulping), with the
exception of Ca and Zn that could not be determined. The processing of the jucara fruit
affects the mineral content and the bioaccessibility of them. It was observed an increase in
the content of the nutrients after the pulping and reduction of the bioaccessibility, being

also possible to determine the bioaccessibility with the use of the IVG method.

Introduction

The biodiversity richness of the Atlantic Forest makes this biome a hotspot®.
However, this richness contrasts with the socioeconomic reality of the region where it is
located, the Ribeira Valley, in the south of Sdo Paulo State and in the east of Parana State,
Brazil. It is made up of 23 municipalities with approximately 439,199 inhabitants, and in
this region is observed the lowest Human Development Index (HDI) of Sdo Paulo and
Paran&® states and the highest rates of infant mortality and illiteracy®*. The population of
the Ribeira Valley is composed mainly of quilombola (Afro-Brazilian people), caicaras
(people native to the coast) and indigenous communities that have the lowest per capita
income in Sdo Paulo State, the richest Brazilian state. The income of these populations
derives from the sustainable management of natural resources from the Atlantic Forest,
such as fishing, mining, tourism and agricultural activities®®. Miguel and Bom® reported
that the inhabitants of this region have an inadequate dietary pattern, with deficiency of

almost all nutrients, mainly of calcium (Ca), vitamins A, Bj; and C, due to the low
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consumption of staple foods and nutrients such as milk and dairy products, fruit,

vegetables and meat.

An alternative to improve the food security of Ribeira Valley populations is the
consumption of foods derived from species native from the Atlantic Forest, such as jucara
(Euterpe edulis Mart.), also known as the jicara, ripeira or palmiteiro®. This species is
distributed in the remicents of the Atlantic Forest found from the Rio Grande do Sul State
to the South of Bahia State. Jucara was extensively exploited in the 50 and 60 decades due
to its excellent palm heart quality, which led the jucara palm to be considered an
endangered species®. Currently, the pulp of the fruit produced by this palm is very similar
to that of acai (Euterpe oleracea Mart.) and jucara pulp has been consumed due to its
nutritional composition, and to make up the traditional Ribeira Valley population feeding,
besides serving as a source of income for these families“%*?.

The jucara pulp contains many essential micronutrients for the homeostasis of the
human organism, such as potassium (K), iron (Fe), zinc (Zn), phosphorus (P), copper (Cu),
calcium (Ca) and magnesium (Mg). Also it has the macronutrients: carbohydrates, proteins
and lipids, the last two in greater quantity when compared to the acai pulp, making the
consumption of this food an extremely healthy and energetic option®®®. Despite the
nutritional richness of jucara pulp, it is necessary to evaluate the bioavailability of the
nutrients, since the presence of them in the food or its ingestion does not guarantee its
utilization. Several factors interfere like chemical form of the nutrient, presence of binding
agents, besides homeostatics regulating absorption mechanisms in the case of the
micronutrients™. It is also indispensable to know the bioaccessibility of the nutrients
present, fraction of a certain nutrient that is released from its alimentary matrix during the
digestion and available for absorption, since this is a factor that also directly interferes in
the bioavailability®.

In order to obtain the jugara pulp, the fruit are submitted to several unit operations
that can cause the quantitative reduction of nutrients, similar to what was observed by
Correia et al.*®, who reported reductions in vitamin content in processed foods. In the

same way, it was observed that the pressing of apples to obtain juice promoted the
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reduction of the mineral content ™. In this regard, it is important to verify the effect of the

processing of jucara fruit on its micronutrients bioaccessibility.

The objective of this study was to verify if the traditional processing of the jucara
fruit affects the bioaccessibility of the minerals calcium (Ca), magnesium (Mg), iron (Fe),
manganese (Mn), copper (Cu) and zinc (Zn), and the specific objectives were: i. verify the
effect of processing steps on the bioaccessibility of micronutrients present in the mesocarp
and pulp of jugara, and ii. determine the in vitro bioaccessibility of the micronutrients by
the gastrointestinal digestion (IVG) method followed by inductively coupled plasma

optical emission spectrometry (ICP-OES) analysis.
Experimental methods
Reagents and solutions

The reagents and solutions used had analytical purity, and to prepare them was used
high purity deionized water (18.2 MQ.cm™) obtained by Milli Q water purification system
(Millipore, Bedford, USA). Calcium chloride (99.0-105.0%), hydrochloric acid (36.5-
38.0%), sodium hydroxide (97.0%) were obtained from Synth (S&o Paulo, Brazil), and
sodium bicarbonate (99.7%), potassium chloride (99.5-105.0%), sodium chloride (99.8%),
along with the enzymes porcine pepsin, a- amylase from (Sigma-Aldrich acquired, USA)
and pancreatin from the University of Sdo Paulo (USP). Finally, nitric (65% w/w) and

perchloric (69-72%) acids were purchased from Dinamica® (Diadema, Brazil).
Plant Material

500 grams of jucara (Euterpe edulis Mart.) fruit were harvested in five different
locations: baches 1 and 2 were obtained from a cooperative of the Institute of Permaculture
and Ecovillage of the Atlantic Forest (IPEMA), whose property was located in the rural
area of the Serra do Mar in Ubatuba-SP (latitude: 23° 26 '02 "'S, longitude: 45° 04" 16" W,
altitude of 3 m). Baches 3 and 4 were collected in Jaboticabal-SP (latitude: 21° 15 '17 "S,
longitude: 48° 19' 20" W and 605 m altitude), at the Sdo Paulo State University (UNESP),
Faculty of Agrarian and Veterinary Science (FCAV), Jaboticabal Campus, and, finally,

bache 5 was obtained at the Araraquara Nautical Club located in Américo Brasiliense-SP
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(latitude: 21° 47 '40 'S, longitude; 48° 10' 32" W and altitude 664 m)®®. The harvests were
carried out between April and May 2016.

Processing and samples colection

The mesocarp and jucara pulp from the baches 1 and 2 were processed in a family
agroindustry of Ubatuba-SP, and baches 3, 4 and 5, were processed in the Laboratory of
Plant Production of the Department of Plant Production at FCAV-UNESP, according to the
practices adopted by IPEMA similar to those observed during the visit to the producer in
Ubatuba-SP. The fruit and pulp mesocarp samples were obtained in the following
processing steps: i. at the time of harvest (fresh ripe fruit), ii. after selection and washing
with potable water, iii. after immersion in hot water at ~ 100° C for 2 minutes (soaking),
and iv. after the pulping using vertical pulping equipment. Subsequently the samples were

frozen and stored at -20°C until further laboratory analysis.
Experimental Design

A randomized block design was used, where the blocks were constituted by the
origins (Ubatuba I - bache 1, Ubatuba Il - bache 2, Jaboticabal I - bache 3, Jaboticabal Il -
bache 4 and Ameérico Brasiliense - bache 5) with four treatments (i) fresh fruit, (ii) fruit

after washing, (iii) fruit after soaking, (iv) freshly processed pulp.
Quality analysis of the mesocarp and jucara pulp

The different samples were analyzed for:

Moisture content

The moisture content was determined by the method described in the manual of
Institute Adolfo Lutz®”, which consisted of drying 10 g of the sample in an oven at 105°C
for 24 hours, then it was weigh in a semi-analytical scale with an accuracy of 0.01 g,

expressed as percentage (%).

Hydrogenionic potential (pH)
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The hydrogenionic potential (pH) was determined using a Thermo Scientific, Orion
3 Star model, with the introduction of the electrode directly into the mesocarp and /or in

the jucara pulp, according to the method described in AOAC®®.
Soluble solids content (SSC)

Soluble solids content (SSC) was determined using a digital refractometer (Alpha,
Atago Co, Ltd, Japan), and expressed as percentage (%), according to the method
described in AOAC®®).

Titratable acidity (TA)

The sample was titrated with 0.1 M sodium hydroxide solution to the equivalence
point (pH 8.1) with the magnetic stirrer. The following calculation was performed: A =V x
N x 0.064 x 2, where A = sample acidity, V = volume in mL of 0.1 N NaOH solution spent
on sample titration, N = normal NaOH solution 0.1N, 0.064 = alkali factor 0.1 N of citric

acid and 2 = Fc (solution correction factor)®”.

Micronutrients determination

Nitroperchloric digestion

Approximately 0.5 g of the mesocarp and/or the dehydrated pulp were weighed and
subjected to nitroperchloric digestion, according to the methodology described by Sarruge,
Haag™ and modified by Souza et al.®?, that is, 0.5 g of the dry and ground jucara samples
were added 8 mL of the 2: 1 (v/v) nitric and perchloric acid solution and these were
digested at a temperature of 100°C for 2.5 hours. The samples were then filtered on Unifil®
free ash filters (Germany), the extracts diluted with deionized water (Milli Q) and packed
in sterile plastic containers of the Prolab® brand and kept under refrigeration (~ 12°C) until

the determination of the minerals.

In vitro digestion

The bioaccessibility of micronutrients was analyzed as described by Garret et al.?V
and Oomen®®. The fresh samples, without drying, were crushed and digested in three

digestive solutions: basal saline (saliva), gastric juice and duodenal (Figure 1). Briefly, the
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in vitro digestion procedure consisted of weighing 3 g of sample of mesocarp and/or
processed pulp of jucara which were placed in 50 mL erlenmeyers containing 10 mL of the
basal saline solution (150 mmol.L™) which consisted of NaCl (w/v), 5 mmol.L™ of KCI
(w/v) and 6 mmol.L™! of CaCl, (w/v). To this solution was added 2 mL of a-amylase
(0.075 g.mL™ - 3,000 units), the pH adjusted to 6.5 + 0.1 with 0.1 M NaHCOs. The
erlenmeyers were then placed in a water bath with circular orbital motion at 95 rpm at
37°C for 10 minutes. After this time the pH was adjusted to 2.5 + 0.1 with 0.1 M HCI and
2 mL of pepsin (0.04 g.mL™) was added. Then the erlenmeyers were placed in a water bath
with circular orbital motion at 95 rpm at 37°C for one hour. After gastric digestion, the pH
was adjusted to 6.5 + 0.1 with 1.0 M NaHCOj3 and 10 mL of the solution containing the
pancreatin (0.0006 g.mL™) and lipase (0.0036 g. mL™). Then the erlenmeyers were placed
in a water bath with circular orbital motion at 95 rpm at 37°C for two hours. After
duodenal digestion, samples were placed in an ice bath and centrifuged (Beckman
centrifuge, model Avanti J-25, Coulter, USA) at 20,000 g for 20 minutes at 4°C, to
separate the supernatant (digestive fluid) from the solid phase. After centrifugation the
digestive fluids were filtered on ash-free paper (Unifil, Germany) and stored at -20°C until
further analysis by inductively coupled plasma optical emission spectrometer (ICP-OES).

The entire digestive procedure was done in duplicate for each type of processing sample.

Analytical instrumentation

The determination of the content of chemical elements was performed using the
Optical 8000 inductively coupled plasma optical emission spectrometer (ICP-OES), and
the minerals quantified in the samples were: calcium (Ca), copper (Cu), Iron (Fe),
manganese (Mn), magnesium (Mg) and zinc (Zn). Argon with purity of 99.999% (White
Martins - Praxair) was used for plasma generation as nebulization and auxiliary gas.
Compressed air was used as plasma cutting gas when using the radial view and 99.999%
analytical grade nitrogen (White Martins - Praxair) was used as the purge gas of the optical

system of the spectrometer. The instrumental parameters can be observed in Table 1.

Determination of bioaccessibility

After determination of the micronutrient content in the samples submitted to
nitroperchloric and in vitro digestion, the bioaccessibility was calculated using the formula
described by Pereira et al.?®, that is:
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Bioaccessibility (%) = g .100, where:

Y = bioaccessible micronutrient content, that is the micronutrient content

determined after in vitro digestion.

Z = the total content of micronutrients in the sample (nitroperchloric).

Statistical analysis

Data were submitted to analysis of variance (ANOVA) according to a randomized
block design with four treatments. The averages were compared by the Tukey test (p
<0.05), using SAS software (1998) for the statistical analyzes.

Results
Analysis and quality of the mesocarp and jucara pulp

The quality parameters of the mesocarp and jucara pulp from the different origins

and processing steps can be observed in Table 2.

Regarding the fruit origin, it was observed a significant differences (p <0.05) for all
parameters evaluated (Table 2). The moisture content of the mesocarp and jugara pulp
ranged from 65.8% to 74.2%, and the fruit from Ubatuba (bache 2) presented the highest
moisture contents and the lowest content was observed from Jaboticabal (68.2% % - bache
3 and 65.8% bache 4) (Table 2). Therefore, dry matter (DM) content was lower in Ubatuba
fruit (25.7% - bache 2) and higher in Jaboticabal fruit, 31.7% and 34.1% for baches 3 and
4, respectively (Table 2). Soluble solids contents (SSC) ranged from 7.0% to 9.7%, with
the mesocarp and pulp of jucara from Américo Brasiliense (bache 5) with the lowest levels
of SSC (7.0%), and these also showed the lowest pH values (4.63), Table 2. Regarding the
titratable acidity, a significant difference was observed only between the samples from
Ubatuba (bache 2) in relation to those from Jaboticabal (bache 3), that is, 0.37 mg.100g™
and 0.24 mg.100g™, respectively (Table 2). These differences were reflected in the
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SSC/AT (ratio), with the Jaboticabal samples (bache 3) presenting the highest values in

relation to Ubatuba (bache 1) and Américo Brasiliense (bache 5), Table 2.

Regarding the processing steps, except for the pH, significant differences (p< 0.05)
were observed for all parameters evaluated (Table 2). In relation to moisture, an increase in
the moisture content of the samples at the different processing steps was observed, which
means the mesocarp of the newly harvested fruit had a content of 61.8% and this increased
to 88.7% in the pulp (Table 2). On the other hand, the fresh fruit presented the highest
(DM) (38.16%) and pulp (11.28%) contents, Table 2. In relation to the other quality
parameters, a decrease was observed in the contents of SSC, AT and ratio in the mesocarp

samples of freshly harvested fruit and freshly processed pulp (Table 2).

Minerals determination

Macroelements content

In relation to the origin of the mesocarp and jucara pulp, no significant difference
was observed for the total calcium content (Ca) obtained in the different regions. The
contents varied from 622.8 to 1,235.1 mg.100g™ (Table 3). On the other hand, the total
magnesium content (Mg) varied according to the origin of the fruit, with higher Mg
contents observed for the baches from Ubatuba, 721.0 and 710.3 mg.100g™, baches 1 and
2, respectively, in relation to the other harvesting regions the Mg content ranged from
331.0, 403.1 and 470.6 mg.100g™ for fruit from Jaboticabal (baches 3 and 4) and Américo
Brasiliense (bache 5), respectively (Table 3).

The total Ca contents after in vitro digestion were higher than those obtained with
nitroperchloric digestion and, unlike the total content, significant differences were
observed as a function of fruit origin, with the fruit of Jaboticabal (bache 3) being richer in
this (879.8 mg.100g™) than those in bache 4 (519.9 mg.100g™) obtained in the same
locality (Table 3). On the other hand, the content of Mg obtained after the in vitro digestion
was lower than those obtained with nitroperchloric acid and the fruit of Ubatuba (bache 2)
continued to be richer in Mg (116.8 mg.100g™) than the other batches (66.8 to 93.2
mg.100g™), Table 3.

In relation to processing, a significant difference (p <0.05) was observed only in the

last unit operation, that is, after the pulping of the fruit (Figure 2A and 2B). The total
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content of Ca in the newly processed pulp (1,731.1 mg.100g™) was approximately five
times higher than the average total content found in the fruit mesocarp (343.8 mg.100g™),
Figure 2A. The same was observed for the total content of Mg, where the content of this
mineral was three times higher in the pulp (1,348.3 mg.100g™) than in the mesocarp of the
fruit in the other stages of processing (253.5 mg .100g™), Figure 2B. In relation to in vitro
digestion, the Ca and Mg contents also showed significant differences only in the last stage
of the processing, however with smaller increases that were of the order of three times for
Ca (490.8 and 1.410.0 mg.100g™ *) and twice for Mg (75.4 and 146.7 mg.100g™), Figure
2A and 2B.

Microelementos content

In general, the fruit from Ubatuba (baches 1 and 2) had higher total contents of
manganese (Mn), copper (Cu) and zinc (Zn) than those harvested in the other localities,
with maximum values of 28.3 mg.100g™, 13.3 mg.100g™ and 13.8 mg.100g™ for Mn, Cu
and Zn, respectively (Table 3). Only the total iron content (Fe) did not vary according to
the origin of the fruit, ranging from 28.4 to 127.1 mg.100g™* (Table 3).

With the exception of Zn, whose contents after in vitro digestion were higher than
those obtained with nitroperchloric digestion (Table 3), the other microelements presented
levels much lower than the totals after IVG (Table 3). In relation to the Mn, fruit from
Jaboticabal (bache 3) presented the highest contents (2.8 mg.100g™) in relation to the other
localities (Table 3). For Cu, the fruit from Ubatuba (bache 2) were the richest in this
element (0.62 mg.100g™) and those from Américo Brasiliense (bache 5) the poorest (0.13
mg.100g™) (Table 3). For Zn, fruit from Ubatuba (bache 2) had higher levels (15.4
mg.100g™) than those from Américo Brasiliense (bache 5 - 6.7 mg.100g™), Table 3. The
same occurred for Fe, with values of 1.73 and 0.51 mg.100g™ were observed for baches 2
and 5, respectively (Table 3).

Regarding processing, significant differences were observed for all microelements
only in the last unitary operation, pulping. Total Mn levels increased from 14.7 to 59.1
mg.100g™ (4 times), Cu concentrations increased from 3.6 to 20.2 mg.100g™ (5.6 times),
those of Zn from 5.1 to 23.3 mg.100g™ (4.5 times) and in the case of Fe from 25.2 to 254.4
mg.100g™ (10 times), Table 3. The same happened after in vitro digestion, with the
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exception of Mn contents whose contents did not vary in the different processing steps
(Figures 3 and 4).

The Cu content after IVG increased from 0.22 mg.100g™, in the mesocarp of the
newly harvested fruit, to 0.83 mg.100g™, in freshly processed pulp (Figure 3B). The same
was observed for Zn (5.86 for 21.33 mg.100g™) and for Fe (0.40 for 2.65 mg.100g™),
Figure 4A and 4B.

Bioaccessibility: macroelements

As the Ca content after in vitro digestion was higher than the total Ca content
determined in the mesocarp and jucara pulp, it was not possible to calculate the
bioaccessibility of this macroelement. However, it was possible to determine the
bioaccessibility of Mg, and a reduction in the bioaccessibility of this macroelement was
observed in the last stage of the processing, that is, in the pulp extraction (Figure 5). In the
mesocarp of fresh fruit, after washing and soaking, the bioaccessibility of Mg was 30.8%,

28.6%, 26.2%, respectively, and of only 10.8% in freshly processed pulp .
Bioaccessibility: microelements

The bioaccessibility of the microelements analyzed ranged from 0.94% to 7.56%
(Figure 6), and the bioaccessibility of Mn was the only one to be significantly (p <0.05)
affected by the different processing steps, decreasing from 6.63% in the mesocarp of the
newly harvested fruit, to 2.84% in the newly processed pulp (Figure 6). The
bioaccessibility of Cu varied from 5.91% to 4.63% (Figure 6), and Fe was the
microelement that presented the lowest bioaccessibility, that is, values varying from 1.58%
to 1.04% (Figure 6).

Nutritional value

Considering the values of in vitro digestion observed (figures 3 and 4) and the
Recommended Dietary Allowances (RDA) described by Mahan et al.?¥, the contribution
percentage of a 200 ml glass of jucara pulp to the daily values of Ca, Mg, Mn, Cu, Zn and

Fe can be seen in table 3.
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Regarging the macroelements, the consumption of a 200 mL glass of jucara pulp
served between 45.4% and 31.8 of the RDA of Ca for children of 1-3 and 4-8 years old,
respectively (Table 3). For adults, both men and women, this percentage ranged from 24.5
to 31.8%. The same amount of pulp served 41.4 to 25.5% of RDA of Mg for children aged
1-3 and 4-8 years, respectively (Table 3). However, for adults, this contribution was lower
and ranged from 13.8 to 7.9% for men and from 13.8 to 9.2% for women (Table 3).

Moreover, the consumption of a 200 mL glass of pulp of jucara contributed to the
RDA of Mn, which varied from 30.0% in children between 1 and 3 years old, and 15.7% in
men among 19 -70 years and over 70 years (Table 3). As for Zn, this same amount of pulp
exceeded the RDA for children from 1 to 3 years, that is, 4 mg Zn per day (Table 3).
However, the content in a 200 mL glass fit into another RDA parameter, known as the
tolerable upper intake level (UL), at around 68.5% (Table 3). Cu was the microelement
that contributed less to the RDA (0%), followed by Fe that is, its contribution varied from
8.0% for children between 1 and 3 years old and 3.7% for women between 14 and 18 years
old (Table 3).

Discussion
Analysis of the quality of the mesocarp and jucara pulp

The differences observed in relation to the quality parameters of the mesocarp and
pulp of jucara as a function of the origin of the samples may be related to the inherent
differences between the baches, however the values of the evaluated parameters are in
agreement with what is usually reported for this fruit®?%2". According to Peirs et al.®®,
variability due to plant age, yield, age of reproductive buds, position and lighting, as well
as, variations between orchards (soil characteristics, nutrition and climate), fruit age and
seasonal variability, might have affected the chemical composition of the fruit from the
different baches. In addition, differences in fruit maturity stages may also have contributed
to the observed variations. The fruit of jugara are very similar to acai and the ripening of

these fruit in the same bunch is quite heterogeneous®. More mature fruit remain on the
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bunches, dry up, and remain adhered to them, which may be related to the observed

differences in moisture content and DM.

In relation to processing, due to the similarity between jucara and acai fruit, it is
possible to use existing legislation for acai pulp to evaluate the jucara pulp®. Thus,
according to the Normative Instruction N° 01 of January 7™, 2000®%, which established the
Quality and Identity Standards (PIQ) for agai pulp (Euterpe oleracea Mart.), it can be
observed that jucara pulp might be characterized as a thin or popular (type C) acai that has
8 to 11% of total solids, as it had an DM content of 11.2%. Since fruit contact with water
occurs during the processing, mainly in the unitary operation of fruit soaking, which is
carried out in order to facilitate the extraction of the pulp, there is water incorporation in
the mesocarp and, consequently, increase in moisture content and decrease of DM content.
Likewise, for the other quality parameters, reductions in their levels were also observed,
even though the TA content (0.21 mg.100g™) was close to the minimum required by the
legislation, that is 0.27 mg.100g™* for the thin acai®”. On the other hand, the pH of 5.04 in
the newly processed pulp was within the required by the legislation (4.0 - 6.2)®%, as well
as, what is normally found in jucara pulp®Y. In this way, the different stages of processing
affected the quality parameters of jucara pulp, generally promoting a reduction in the

content of these parameters.

Minerals determination

Macroelements content

The total Ca and Mg contents observed in the mesocarp of the fruit of all baches
were higher than those reported by Silva et al.®?, that is, 430 and 150 mg.100g™,
respectively. Likewise, Garbin et al.®? reported levels much lower than those presented in
Table 3, 16.88 mg.100g™ for Ca and 5.25 mg.100g™ for Mg. Again, these differences may
be related to the origin of the fruit, since the micronutrient composition of the fruit reflects
the concentration found in the soils and also its maturation stage®. The Ca concentrations
were also higher than those reported by Silva et al.®® and Garbin et al.®? after in vitro
digestion, but the Mg levels were within the range presented by these authors. It is worth
mentioning that Ca contents in vitro were higher than those of total Ca, which did not
make it possible to calculate the bioaccessibility of this macroelement.
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It was observed that during processing the total and in vitro contents of Ca and Mg
increased significantly after the pulping step (Figure 4). In general, an increase of
approximately six times in the total content of these macroelements after pulping was
observed. This increase may be related to the friction that occurs between the seeds of
jucara during the pulp, occurring the migration of Ca and Mg from the seeds to the pulp,
because the seeds are richer in these macroelements in relation to the pulp®®. On the other
hand, Nogueira et al."¥ reported a decrease in Ca and Mg contents in ‘Gala’ and ‘Fuji’
apple processing to obtain juice by the pressing process. In this way, the fruit processing

method can influence the micronutrient contents.

Microelements content

The total contents of the microelements were similar to those observed by Silva et
al. Y, who reported values of 4.3; 1.4; 1,2; and 55.9 mg.100g™* of Mn, Cu, Zn and Fe,
respectively. When comparing to the contents of these microelements found in acgaizeiro
fruit, the fruit of jucara are richer in minerals, which demonstrates their nutritional
importance, especially for the poor population of the Ribeira Valley. In relation to the rare
earths content, there are great differences between the pulp of acai and jucara, being that of
acai richest in samarium (Sm), thorium (Th), lanthanum (La), cerium (Ce) and neodymium

(Nd) than the jucara pulp®®.

Regarding in vitro digestion, the contents of the microminerals of all the baches
were much lower than those found in the nitroperchloric (total) digestion, with the
exception of Zn whose contents were higher, making it impossible to calculate the

bioaccessibility.

Similar to that observed for the macroelements, the total and in vitro contents of
Mn, Cu, Zn and Fe increased in freshly processed pulp (Table 3). In relation to the total
Mn, a significant increase was observed in the last stage of processing (59.08 mg.100g™),
pulp, with results much higher than those reported in Collective Catharsis® and Garbin et
al.®? that is, 0.31 mg.100g™ and 0.26 mg.100g™, respectively. Cu content was also higher
in the freshly processed pulp in both nitroperchloric digestion (20.19 mg.100g™) and in
vitro digestion (0.83 mg.100g™), but after IVG the content of Cu was similar to that
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reported by Garbin®?, that is, 0.68 mg.100g™. The Zn contents were higher in the last
stage of the processing (pulping) for both digestions, being almost twice that found by
Silva et al® who reported 12.2 mg.100g™ in jucara pulp. Finally, the content of Fe was
also higher in freshly processed pulp, but there was a large difference between the total
contents (254.42 mg.100g™") and in vitro 2.65 mg.100g™*, both diverging from result found
by Ribeiro et al.®® which was 46.6 mg.100g™ of pulp.

The explanation for the significant increase of the micronutrient content in the
newly processed pulp of jucara may be related to the contamination of the pulp with
chemical elements coming from the metallic parts of the machine, in spite of the chemical
composition of the stainless steel type 302, used in equipment destined for storage is
composed by carbon (C), Mn, P, S, chromium (Cr), nickel (Ni) and silicon (Si)®®. The
increase in mineral contents during processing is common and has been observed in other
foods such as shrimps, crabs and oysters®” and some types of beans®®. In some cases
contamination may have implications for consumers’ health, as reported by Carneiro et
al.®® who observed lead (Pb) contamination during the production of cassava (Manihot

esculenta L.) flour due to contact with the metal sheet used to dry out the flour.
Bioacessibility: macroelements

As discussed previously, the in vitro contents of Ca were higher than those of total
Ca, which did not make it possible to calculate the bioaccessibility of this macroelement.

Thus, only the bioacessibility results of Mg are presented.

The Mg was the micronutrient that presented the highest bioaccessibility in
comparison to the other studied minerals. However, a significant difference was observed
for the last stage of processing (pulping), with bioaccessibility decreasing from 30.87% to
9.88% (Figure 6). These results were below from what Schulz™® recently reported, a
bioaccessibility of about 32.2-55.5% in the jucara pulp obtained with ripe fruit. In relation
to other foods, the bioaccessibility of Mg was also lower than that described by Stelmach
et al.“?, that is, 62% obtained in coffee infusions. Possibly, with the processing, there was
a greater interaction between the compounds present in the pulp of jucara, such as: fibers,
polyphenols and phytates, with the micronutrients leading to the formation of insoluble

complexes, which may have negatively affected the bioaccessibility of the same®“?.
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Bioacessibility: microelements

It was not possible to determine the bioaccessibility of Zn, since the contents
obtained after in vitro digestion were higher than that of nitroperchloric acid, making it

impossible to calculate the bioaccessibility of this micromineral.

The average bioaccessibility of the microelements varied from 5.90% for Mn,
5.76% for Cu and only 1.20% for Fe (Figure 6). Mn was the only microelement to have a
significant reduction in the last stage of processing (pulping), from an average
bioaccessibility of 6.91% in the first stages of processing to 2.84% in freshly processed
pulp. These results are well below to those reported by Schulz et al.*? who found values of
22.5% in immature jucara fruit and 35.1% in mature fruit. These authors also reported that
the bioaccessibility of Cu increased as fruit matures, from 25.4% in immature fruit to
55.6% in mature fruit, both of which were much higher than those observed in Figure 6,
that is, 6, 07; 7.46; 5.42 and 4.11% for the different processing steps. A possible
explanation for the low bioaccessibility of Cu is the presence of Zn in high amounts in
freshly processed pulps, since the excess of Zn impairs the absorption of Cu®**®. In
relation to Fe, Schulz et al.*? only were able to determine the bioaccessibility of this
microelement from the third stage of maturation, which was related to the increase of the
protein content allowing a greater bioaccessibility of the minerals. Likewise, the presence
of fibers in the jucara pulp® may have contributed to the low bioaccessibility of Fe,

similarly to that reported by Marquito™®.
Nutritional value

Considering the consumption of 200 mL of freshly processed jucara pulp and the
RDAs of 700 to 1,300 mg for Ca, 80 to 420 mg for Mg, 1.2 to 2.3 mg for Mn of 340 900
mg for Cu, 3 to 11 for Zn and 7 to 18 mg for Fe, for men and women of school age (9 to 13
years)®”, the 200 mL of jucara pulp was able to attend 24.54% of Ca, 13.8 % of Mg, 18.9-
22.5% of Mn, 60% of Zn, and 7.0% of Fe. These results were similar to those reported by
Schulz et al.*?, but for a consumption of 100 g of jucara pulp.

As reported by Miguel and Bom®, the populations of the Ribeira Valley have an
inadequate dietary pattern, that is, with deficiency of almost all nutrients, mainly Ca,
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vitamins A, By, and C. In this way, the consumption of jucara pulp should be encouraged
for the population that resides in this and other places of natural occurrence of jucara palm,
since its use as a food in programs of feeding children of school age, according to the
obligation of Ministry of Education and Culture®, law n° 11.947, which establishes that
30% of the money for school meals should be bought as local products, would improve the
food standard of these populations. For example, for Ca, whose requirements is one of the
highest, being an important constituent of bones and teeth, the consumption of 200 mL of
jucara pulp was a considerable contribution (24.54%), mainly for children (9 to 13 years),
approaching the contribution of a glass of cow’s milk that is considered a source of Ca.
Similarly, the Mg content resembled the contribution of two bananas to the same group

and range age.

About the Zn, micronutrients whose deficiency is considered one of the most
determinant risk factors of the problem of growth deficits in children together with vitamin
A and Fe“®*", 3 glass of 200 mL of jucara pulp contributed with 60% of the RDA for men
and women at school age (9 to 13 years). However, for children between 1 and 3 years of
age the intake level is not adequate, since it was 160% of RDA and 68.5% of UL.
Likewise, for Fe deficiency, which is one of the major public health problems in Brazil,
iron deficiency anemia, the consumption of 200 mL of jucara pulp can be considered an
important source for the supply of this mineral to populations living in areas of natural
occurrence of the jucara palm, which have low per capita income and do not have

sufficient income to purchase animal products regularly.
Conclusion

The processing of the jucara fruit affects the content of macro and microelements,
and the pulping stage affects the most the content of micronutrients, mainly by increasing
the contents of the chemical elements and reducing the bioaccessibility of some.

It was possible to determine the bioaccessibility of the chemical elements with the

use of in vitro digestion.
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The consumption of 200 mL of freshly processed jucara pulp provides
contributions to supply macro and microelements, allowing an improvement in the food

pattern of the populations that inhabit the Ribeira Valley.
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Figure 1. Schematic representation of the in vitro gastrointestinal digestion method (IVG).
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Table 1. Instrumental parameters used in the inductively coupled plasma optical emission

spectrometer (ICP-OES).

Model and Spectrometer brand

PerkinElmer Optima 8000

Plasma power (W)

Plasma gas flow (L/min)
Auxiliary gas flow (L/min)
Nebulization flow (L/min)

Optics Purge (nitrogen) (mL/min)

Injector

Nebulization chamber

Plasma orientation in relation to the optical

path
Signal processing

Integration time

Sample introduction rate (mL/min)

Replicates

Monitored spectral lines

1400

10

0.2

0.7

5

Alumina (2mm d.i.)
Scott (Ryton®); ciclonic

Radial View

Area under the peak
Automatic

1.5

2

calcium (Ca), 317.933 nm;
copper (Cu) 327.393 nm

iron (Fe), 238,204 nm;
magnesium (Mg), 285.213 nm;
manganese (Mn), 257.610 nm;
zinc (Zn), 206.200 nm.
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Table 2. Physicochemical results found in the mesocarp and jugara pulp (Euterpe edulis

Mart.).
Different sources Moisture Dry SSC (%) pH TA (mg.100g™) Ratio
Content Matter
(%) (%)
Block
Ubatuba | 70.99° 29.01° 8.9% 4.972 0.372 24.17%
Ubatuba Il 74.21° 25.79° 8.82c 5.022 0.33% 26.51%°
Jaboticabal | 68.26% 31.74%® 7.4% 5.112 0.24° 30.172
Jaboticabal Il 65.88¢ 34.122 9.7 5.03? 0.32% 29.37%
Américo Brasiliense ~ 69.60™ 30.40™ 7.0° 4,63 0.30%® 23.22°
Test F 0.001 0.001 0.040  0.0713 0.1151 0.0713
Treatment
Fresh fruit 61.84° 38.16° 10.17%® 4.96 0.362 28.592
After washing 63.88" 36.12% 8.53" 5.01 0.322 27.15
After soaking 64.72° 35.28° 10.272 4.80 0.352 29.582
Freshly processed 88.72° 11.28° 4.48° 5.04 0.21° 21.44°
pulp
Test F 0.001 0.001 0.001  0.3539 0.0062 0.0179
cV 2.40 5.54 14.40 4.43 19.59 13.64

b Averages following to the same letters in the same column do not differ statically
between them by Tukey Test (p>0.05).



689

690  Table 3. Macro and microelements (mg.100g™). of the mesocarp and pulp of the jucara fruit (Euterpe edulis Mart.)

64

Different sources Calcium (Ca) Magnesium (Mg) Manganese (Mn) Cupper (Cu) Zinc (Zn) Iron (Fe)
Total in vitro Total in vitro Total in vitro Total invitro  Total in vitro Total in vitro
Block
Ubatuba | 622.8  726.4®  721.0° 97.97* 2830* 127" 1047® 054 1385 10.22% 127.12* 1.09%
Ubatuba I1 588.2  746.9®  710.3*  116.8° 26.7° 1.44° 1.39° 0.62*  13.44* 1541*° 11292  1.73°
Jaboticabal | 4200  879.8°  331.0°  93.2%® 43.0° 2.84° 6.41° 041%® 548° 942%® 28.48  0.91%
Jaboticabal Il 586.8  519.9°  403.1°  79.4* 8.6° 0.38° 570° 030" 7.84° 945% 90.95  0.99%
Américo 1235,1 723.0%® 4706* 66.8°  30.1*  0.72° 4.57° 0.13° 752° 6.74° 12658  051°
Brasiliense
Test F 0.2952 0.1502 0.0440 0.2684 0.0082 0.0064 0.0777 0.0082 0.0156 0.2526  0.3053 0.1254
Treatment
Fresh Fruit 327.8°  490.8° 2445°  7548° 1447 0.95 3.62° 022>  512° 5.86°" 25.22°  0.40°
After washing 344.1°  499.8° 246.2° 7063 17.71 1.33 4.02° 0.30° 503" 634° 3332 042°
After soaking 359.4°  476.1° 269.7° 70.86°  18.12 1.37 4.61° 025° 510° 7.46°  7587° 0.72°
Freshlyprocessed 1731,1* 1410,0* 1348,3* 46.75*  59.08 1.68 20.19*  0.83* 23.27° 21.33* 254.42° 265"
pulp
Test F 0.0027  0.001 0.001 0.0051 0.001 05436 0.001 0.001 0.001 0.0011 0.0001 0.001
cV 77.24 24.98 36.77 34.18 3769 5729 5490 4077 3599  49.92 7261  56.85

691  *°Averages following to the same letters in the same column do not differ statically between them by Tukey Test (p>0.05).



692
693
694

695
696

65

Table 4. Contribution of the consumption of a jucara pulp 200 mL glass to the
Recommended Dietary Allowances' of calcium (Ca), magnesium (Mg), manganese (Mn),
zinc (Zn), copper (Cu) and iron (Fe).

Age Ca (%) Mg Mn Zn (%) Cu Fe (%)
(years) (%) (%) (%)
Children 160%
(RDA)
1-3 45.4 41.4 30.0 0 8.0
68,5
(UL)*
4 -8 31.8 25.5 24.0 96.0 0 5.6
Men 9-13 24.5 13.8 18.9 60.0 0 7.0
14-18 24.5 8.1 16.4 43.6 0 50.1
19-70 28.9 8.1 15.7 43.6 0 7.0
>70 28.9 7.9 15.7 43. 6 0 7.0
Women 9-13 24.5 1.8 22.5 60.0 0 7.0
14 -18 24.5 9.2 22.5 53.3 0 3.7
19-70 29.8 10.5 20.0 60.0 0 4.0
>70 26.5 10.3 20.0 60.0 0 7.0

*UL: Tolerable Upper Intake Level. " Recommended Dietary Allowances (RDA)

according to the Tables of Daily Values (DV) for each nutrient.b



