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RESUMO

O estudo de frutos, provenientes da Amazonia legal, torna-se importante devido a
atualizacdo de conhecimento de seus beneficios, quer seja na area nutricional ou
industrial. Frutos como o acai, na ultima década, tiveram em evidéncia, devido a criacao
de empresas voltadas ao processamento de sua polpa, aléem de suas excelentes
propriedades bioativas, entretanto, frutos como bacaba e tucumd, sdo ainda pouco
conhecidos. Com a crescente industrializacdo na area de alimentos, tem-se notado o
aumento dos residuos/coprodutos, advindos da despolpa de frutos, como a casca e
semente. Assim, 0 UsO dessas cascas e sementes vem para agregar valor ao produto, ja
que oferece a possibilidade de aproveitar o fruto de forma integral. O objetivo do presente
estudo foi caracterizar fisica, quimica, tecnoldgica e antinutricionalmente as cascas,
polpas, sementes e as farinhas provenientes dos frutos da Amazoénia Legal (Acai, Bacaba
e Tucuma). As amostras de acai foram doadas pela Empresa FAST ACAI®, e os frutos
bacaba e tucumd foram comprados em feiras locais, de Itacaja-TO e Tefé-AM,
respectivamente. Os resultados mostraram quantidade significativa de lipidios presentes
nos 3 frutos, principalmente no Tucuma, no qual a casca, polpa e améndoa possuem
quantidades acima dos 26%, além da boa disponibilidade de fibras totais, acima de 20%,
presentes em todos os frutos e suas respectivas fracdes. A quantidade de minerais, em
todos os coprodutos (acai, bacaba e tucumad), foi expressiva, principalmente nos
elementos potassio, calcio, magnésio, fésforo e ferro. Com relacdo a composicdo de
flavonoides e acidos fendlicos, o destaque foi para a presenga de catequina, epicatequina,
quercetina, rutina, acido protocatecuico e procianidina em ambas as fracdes estudadas.
Né&o foi detectado compostos cianogénios em qualquer uma das fracGes estudas, apenas
acido fitico nas sementes. Por meio das propeiedades tecnolégicas avaliadas nas farinhas,
foi possivel sugerir algumas possibilidades de aplicacdo em produtos com &gua, leite e
6leo em sua composicdo. Portanto, a recomendacdo do uso destes residuos/coprodutos
na alimentacdo humana, é promissor, tanto do ponto de vista nutricional quanto

tecnoldgico.

Palavras-Chaves: aproveitamento de coprodutos; frutos amazonicos, caracterizacdo de

frutos.



ABSTRACT

PHYSICAL, CHEMICAL, ANTINUTRICIONAL AND
TECHNOLOGICAL CHARACTERIZATION OF CO-PRODUCTS OF LEGAL
AMAZONIA FRUITS

The study of fruits, from the legal Amazon, becomes important due to the updating of
knowledge of its benefits, whether in the nutritional or industrial area. Fruits like acai, in
the last decade, have been in evidence, due to the creation of companies focused on the
processing of its pulp, in addition to its excellent bioactive properties, however, fruits
such as bacaba and tucumad, are still little known. With the increasing industrialization in
the food area, there has been an increase in waste / co-products, resulting from the pulping
of fruits, such as peel and seed. Thus, the use of these peels and seeds comes to add value
to the product, since it offers the possibility to fully enjoy the fruit. The objective of the
present study was to characterize physically, chemically, technologically and anti-
nutritionally the peels, pulps, seeds and flours from the fruits of the Legal Amazon (Acai,
Bacaba and Tucuma) The samples of acai were donated by the company FAST ACAI®,
and the bacaba and tucuma fruits were purchased at local fairs, in Itacaja-TO and Tefé-
AM, respectively. The results showed a significant amount of lipids present in the 3 fruits,
mainly in Tucumd, in which the peel, pulp and almond have amounts above 26%, in
addition to the good availability of total fibers, above 20%, present in all fruits and their
respective fractions. The amount of minerals, in all co-products (agai, bacaba and
tucumad), was expressive, mainly in the element’s potassium, calcium, magnesium,
phosphorus and iron. Regarding the composition of flavonoids and phenolic acids, the
highlight was the presence of catechin, epicatechin, quercetin, rutin, protocatechuic acid
and procyanidin in both fractions studied. No cyanogenic compounds were detected in
any of the fractions studied, only phytic acid in the seeds. Through the technological
properties evaluated in the flours, it was possible to suggest some possibilities of
application in products with water, milk and oil in their composition. Therefore, the
recommendation for the use of these residues / co-products in human food is promising,
both from a nutritional and technological point of view.

Key words: use of co-products; Amazonian fruits, fruit characterization.
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1 INTRODUCAO

O bioma Amazoénia é, predominantemente, coberto por floresta tropical imida e
densa, caracterizada por clima quente e imido e chuvas fortes, que sdo frequentemente
incidentes ao longo do ano (CHISTE; FERNANDES, 2016). Devido a esse ambiente
especifico, na Amazbnia, coexistem diversas espécies de frutas e plantas que sao
amplamente aproveitas pela populagéo local, facilmente encontrada nos mercados locais
e feiras, porém desconhecidas, principalmente, pela comunidade cientifica que, por vezes,
sabem de sua existéncia, mas ainda ndo conhecem seus beneficios aliados a alimentagéo
(MATOS et al., 2019).

As palmeiras apresentam grande importancia para economia brasileira, apesar de
possuirem poucos estudos referentes a caracterizagdo de seus frutos como a bacaba,
tucuma (SANTOS et al.,2018; DA SILVA,2019) e acai, ambos da regido Amazonica do
Brasil.

O acaizeiro (Euterpe precatoria Mart.), com origem na América Central e do Sul,
é considerado a palmeira mais produtiva e conhecida da regido amazbnica. O acai
destaca-se por ser um fruto exotico que, na ultima década, ganhou notoriedade
internacional, devido aos seus beneficios nutricionais e terapéuticos, 0s quais estao
relacionados a capacidade antioxidante e sua composicao fitoquimica, conferindo apelo
de alimento funcional (BONOMO et al., 2014; MENEZES et al., 2008; BERNAUD). O
Brasil, em 2017, processou 1.273.568 toneladas de acai (SATO et al.,2019).

A Oenocarpus bacaba Mart., conhecida como bacabeira, € uma arvore que atinge
de 7 a 22 metros de altura e 12 a 25 cm de didmetro (HENDERSON, 1995). A polpa de
seus frutos pode ser transformada em bebidas, geleias e sorvetes, que s&o consumidos
pela populacdo local (ABADIO et al., 2012).

O tucumazeiro (Astrocaryum aculeatum) caracteriza-se como um fruto suculento,
pouco &cido, com baixos teores de agUcar e alto valor energético. Sagrillo et al. (2015 )
mostraram que, a polpa desse fruto, €& rica em compostos bioativos,
como flavonodides (26,06 mg.100 g ™) e beta-caroteno (20,97 mg.100 g?) e a
concentragdo, deste ultimo, esta relacionada a capacidade antioxidante da fruta (COSTA;
LEEUWEN, 2004; YUYAMA, et al., 2008).

Ribeiro et al. (2013) mostraram que as pessoas que residem nessas comunidades
ribeirinhas, na floresta amaz6nica, vivem mais do que aquelas que habitam grandes
cidades. Tambem mostraram que a prevaléncia de doencas como obesidade, hipertensdo

e diabetes tipo Il é baixa nessas comunidades. Esses achados levantaram questdes sobre


https://www-sciencedirect.ez6.periodicos.capes.gov.br/science/article/pii/S0023643818303530#bib38
https://www-sciencedirect.ez6.periodicos.capes.gov.br/topics/food-science/bioactive-compound
https://www-sciencedirect.ez6.periodicos.capes.gov.br/topics/food-science/flavonoid
https://www-sciencedirect.ez6.periodicos.capes.gov.br/science/article/pii/S0023643818303530#bib13
https://www-sciencedirect.ez6.periodicos.capes.gov.br/science/article/pii/S0023643818303530#bib13
https://www-sciencedirect.ez6.periodicos.capes.gov.br/science/article/pii/S0023643818303530#bib51
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a contribuicdo de seu estilo de vida, atividade fisica e dieta para sua longevidade estendida
e diminuicdo da morbidade.

O uso de coprodutos alimentares visa projetar e desenvolver alimentos inovadores
com valor agregado, contribuindo para a sustentabilidade e redugéo de perdas de parte
dos frutos ndo utilizados na industria, gerando desperdico que criam impactos ambientais
negativos De fato, a producdo sustentavel de alimentos esta se tornando um dos desafios
mais importantes a serem enfrentados pela industria em todo o mundo e deve ser baseada
na reducdo de custos, no aumento da diferenciacdo de produtos e no atendimento as
necessidades nutricionais dos consumidores (SILVA et al., 2020)

Alguns processamentos de frutas chegam a gerar até 70% de residuos como cascas
e sementes que sdo desperdicados, os quais poderiam ser utilizados no desenvolvimento
de novos produtos, enriquecendo-os nutricionalmente, ou sendo fontes de aromatizantes
e corantes naturais, substituindo os de uso sintéticos (DAMIANI et al.,2020).

A possibilidade de utilizacdo de residuos de frutas tem como fator limitante a
presenca de fatores antinutricionais. Esses sdo descritos como compostos, ou classes de
compostos, presentes em alimentos de origem vegetal, que reduzem o valor nutritivo,
interferindo na digestibilidade, absorcéo ou utilizacdo de nutrientes, e na eficiéncia dos
processos bioldgicos do organismo animal (ANDRADE et al., 2015).

Estudos tem constatado que as farinhas de coprodutos (casca, sementes, bagaco)
podem ser utilizadas como alternativa para substituicdo parcial da farinha de trigo, aveia,
linhaga, quinoa, farinha de arroz, fécula de batata entre outras, na elaboracéo de produtos
de panificacdo e massas alimenticias. As farinhas mistas, que sdo compostas por uma ou
mais matérias-primas, sdo utilizadas, principalmente, na elaboracéo de bolos e biscoitos,
jaque esses produtos sdo aceitos e consumidos por um puablico diverso. Além disso, a alta
durabilidade das farinhas permite que sejam produzidas em grandes quantidades e
distribuidas a longas distancias (PIOVESANA et al., 2013; SANTOS et al., 2011).

Porém, os estudos das propriedades tecnoldgicas dessas farinhas, geradas de
coprodutos, sdo importantes, pois essas propriedades influenciam na aparéncia e
comportamento de um produto (KAJISHIMA et al., 2001). Além de fornecer dados para
a andlise da viabilidade de acréscimo da farinha em produtos carneos, paes e bolos, a
partir do resultado desses estudos, é possivel determinar a adi¢cdo de agua, a fim de
facilitar o manuseio da massa e evitar seu ressecamento durante o armazenamento, com
0 objetivo de se obter um produto de alta qualidade sensorial e nutricional (CLERICI;
EL-DASH, 2008; PORTE et al., 2011).
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Assim, o estudo de coprodutos advindos das indastrias, ou mesmo do
processamento caseiro, contribui para o aproveitamento total do alimento, evitando o
desperdicio e para a reducdo do lixo organico, muitas vezes depositado em ruas ou em
aterros sanitarios. Esses subprodutos s&o fonte nutritiva, de baixo custo, que podem ser
utilizados na forma de farinhas a serem incorporadas aos produtos alimenticios,
agregando-lhes valor.

Logo, o objetivo do presente estudo foi caracterizar, de forma fisica, quimica,
antinutricional e tecnoldgicos, as cascas, polpas e as farinhas, provenientes da secagem
das cascas e sementes de frutos da Amazonia Legal, a saber, acai, bacaba e tucuma.

2 REVISAO DE LITERATURA

2.1 Acai

O género Euterpe, da familia Arecaceae, inclui oito espécies de palmeiras que sdo
nativas da América Central e do Sul e é amplamente distribuido no norte da América do
Sul, com sua maior abundancia na floresta amazonica (SABBE et al., 2009) sendo a
Euterpe oleracea, que produz o acai, a espécie mais conhecida e explorada do género.

O agaizeiro é uma palmeira mono-caudal, com talo alto e delgado que cresce até
25 m de altura, sendo encontrada em areas alagadas (LEE; BALICK, 2008). Os frutos
formam cachos aglomerados, de coloracdo esverdeada, durante os estadios imaturos e,
qguando completamente maduros, tornam-se roxos, do tamanho aproximado de uma uva
(POMPEU et al., 2009; ROGEZ, 2000), tendo cada baga uma Unica semente de tamanho
médio entre 7 e 10 mm (SABBE et al., 2009). O epicarpo roxo duro € uma camada muito
fina e 0 mesocarpo tem 1-2 mm de espessura; ja a semente, representa a maior parte do
volume da fruta (80-95%), conforme pode ser visualizado na Figura 1 (POMPEU et al.,
2009; SABBE et al., 2009).
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Figura 1: Frutos de acai in natura.
Fonte:https://www.jasminealimentos.com/wikinatural/acai-a-fruta-tropical-super-saborosa-e-

gue-e-aliada-de-atletas/. Acesso em 19 de fevereiro de 2021.

Ha relatos populares que sugerem o uso medicinal benéfico do suco de acai.
Habitantes das regides Norte e Nordeste, por exemplo, utilizavam o suco para prevenir a
gripe, febre e dor (MATHEUS et al., 2006). O dleo verde escuro da fruta é usado como
medicamento popular, principalmente, como agente antidiarreico (SCHAUSS et al.,
2006). Os curandeiros indigenas usavam as bagas para tratar complicacdes da pele,
distdrbios digestivos e parasitas helmintas ou como eczema e diarreia (FONT QUER,
1962).

Acredita-se que o primeiro suco de acai tenha sido preparado pela maceracdo da
fruta em agua morna, separando a polpa das sementes (POMPEU et al., 2009).
Pesquisadores relataram que a fracdo polifendlica, ndo antocianina, do extrato de polpa
de acai, inibiu a proliferacdo de células de adenocarcinoma do c6lon humano HT-29
(PACHECO-PALENCIA et al., 2008). O 6leo de agai, em contrapartida, parece ter
influéncia na proliferacdo celular.

XIE et al. (2011) relataram que compostos presentes no suco de acai auxiliaram
na protecdo contra a aterosclerose, em modelo com deficiéncia de hiperlipidemia, e tem
efeito protector de ateromas. Isto seria, em parte, devido a reducao da peroxidacéo lipidica
e, também, por exercer efeito protetor contra o desenvolvimento da aterosclerose,
inibindo citocinas pro-inflamatérias, regulando mediadores inflamatérios.

Outros estudos mostraram que compostos presente no acai pode ser agente

antitumoral, capaz de proteger o tecido lesionado e a atividade carcinogénica. O



15

mecanismo de acdo, ainda, é desconhecido, entretanto, estudos estdo em andamento, e
resultados preliminares foram relatados, sugerindo que a polpa do acai inibe o
desenvolvimento do carcinoma de células transicionais em camundongos machos,

provavelmente devido a sua capacidade antioxidante (FRAGOSO et al., 2012).

2.3 Bacaba

Oenocarpus bacaba Mart € uma palmeira lisa, sem espinhos, reta, com maior
ocorréncia no Para, Maranhdo, Mato Grosso, Rondbnia e Tocantins. Essas plantas
desempenham importante papel socioecondmico local, uma vez que foram exploradas,
principalmente, para a producdo de palmito e para o consumo de seus frutos
(HENDERSON; SCARIOT, 1993; HENDERSON, 1995; ESTUPINAN; JIMENEZ,
2010). Conforme Henderson (1995), seus caules sdo solitarios, com altura variando de 7-
22 m e o diametro de 12-25 cm, possuindo folhas crespadas, com 6-8 m de comprimentos
e bem distribuidas.

O seu florescimento ocorre nos meses de julho e agosto, cujas flores sdo alvo-
amareladas, os frutos arredondados, de coloracdo negro-violacea, o mesocarpo de 1,5 mm
de espessura, brancacento, oleoso e a améndoa é envolvida por endocarpo delgado e
fibroso. No periodo entre dezembro e abril, os frutos atingem média de 20kg por palmeira
(LORENZI,1996; MENDONCAS; ARAUJO, 1999).

A bacaba (Figura 2) é consumida em forma de bebida, mais conhecida como
“vinho da bacaba” ou fermentado alcodlico de bacaba. Essa bebida é produzida
manualmente e sua aplicacdo pode ser variada, como em alimentos salgados ou até em
uma espécie de puré, elaborada com as farinhas (SILVA et al., 2018). Estudos recentes
mostraram que esta fruta pode ser fonte potencial de fitoquimicos
com capacidade antioxidante, como 0S compostos
orientin, quercetin, rutina, vitexina, em extratos de bacaba, além de 3-glicosideo
cianidina e 3-rutinosideo cianidina na composi¢cdo da fruta (CANUTO et al., 2010;
FINCO et al.,2012).



Figura 2: Frutos de bacaba (Oenocarpus bacaba Mart) in natura

Fonte: https://orlanoticias.com.br/surto-da-doenca-de-chagas-e-detectado-apos-moradores-
consumirem-bacaba-35-casos-sao-investigados/. Acessado 02 de margo de 2021.

Os frutos dessa palmeira, também, sdo importantes fontes de 6leos vegetais de alta
qualidade, ricos em &cidos graxos insaturados de relevancia nutricional (PUERARI et
al.,2015). As propriedades quimicas, fisicas e bioldgicas, desses 6leos, sdo determinadas
pelo tipo de acido graxo e sua distribuicdo nas moléculas de triglicerideos (TG), que
representam 95-98% da composicdo total do dleo (INDELICATO et al., 2017
GIAKOUMIS, 2018; PHAM; PHAM, 2012).

Diante deste cenario, esse fruto tem potencial para ser inserid0 na alimentacédo
diaria de diversas maneiras. A bacaba oferece alguns minerais como ferro e calcio,
importantissimos para o crescimento de criancas que esteja, principalmente, na fase pre-

escolar, pois pode ajudar no processo de aprendizagem (SILVA; PASSOS, 2018).

2.3 Tucuma

O tucumézeiro € uma palmeira grande, com estipe vertical de 10 a 30 m, sendo
coberto na metade superior por espinhos pretos ou marrons, dispostos em anéis. As folhas
tém penas e espinhos, em todo o seu comprimento, medindo 4 a 5 m de comprimento
(CAVALCANTE, 1991; SOUZA et al., 1996).


https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Forlanoticias.com.br%2Fsurto-da-doenca-de-chagas-e-detectado-apos-moradores-consumirem-bacaba-35-casos-sao-investigados%2F&data=04%7C01%7C%7C5305d21b640f41b59aea08d8ddcd229d%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637503220475871676%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=tlnlSoM3Hq3Gh%2FGB%2BX76U2KrBh2T%2Brbrv1IfhxYtzCk%3D&reserved=0
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Os frutos de Tucuma (Figura 3) sdo drupas ovdides lisas (5-6 cm de diametro,
70-75 g de peso), com epicarpo e mesocarpo que variam de amarelo a laranja escura e
vermelha (Craveiro et al., 2014). Existem duas espécies conhecidas como tucuma no
norte do Brasil, a saber, Astrocaryum vulgare Mart, encontrada, principalmente, e
comercializada no estado do Pard e Astrocaryum aculeatum G. Mey. (outro nome
brasileiro =tucuma-acu), encontrado, principalmente, e comercializado no estado
do Amazonas (DIDONET; FERRAZ, 2014).

Figura 3: Frutos de tucuma (Astrocaryum aculeatum G.)
Fontes: https://amazonia.org.br/2015/12/tucuma-e-analisado-para-prevenir-e-tratar-obesidade-e-

diabetes-no-amazonas/. Acessado 02 de margo de 2021.

O tucuma é comercializado de duas formas pela populacédo local, ouseja, in natura
(duzia ou cento), ou processado pelos comerciantes, sendo sua polpa vendida por peso.
De abril de 2011 a maio de 2012, o valor medio da saca de tucum@, vendida nas feiras da
cidade de Manaus, no atacado, foi de 80 reais e, no varejo, o valor médio, da duzia, foi
de trés reais e, do quilo da polpa, 30 reais, sendo os principais fornecedores do fruto os
municipios de Itacoatiara-AM, Autazes-AM, Rio Preto da Eva-AM, Terra Santa-PA,
Barreirinha-AM e Careiro Castanho-AM (DIDONET; FERRAZ, 2014).

O tucuma (Astrocaryum vulgare Mart.) tem predominancia em areas abertas,
pastagens, campos e em vegetacOes secundérias, com o consumo de sua polpa na
producdo de sorvetes, recheio de sanduiches, entre outros, além de ser utilizado em
artesanato, em construcdes de casas e no engorde de animais (DA SILVA, 2019).

Esta fruta possui propriedades anti-inflamatorias e antioxidantes, provavelmente,
devido a presenca de B-caroteno e flavondides. Além disso, acidos graxos saturados

podem ser extraidos de sua polpa e semente (SHANLEY et al., 2011). As sementes de


https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Famazonia.org.br%2F2015%2F12%2Ftucuma-e-analisado-para-prevenir-e-tratar-obesidade-e-diabetes-no-amazonas%2F&data=04%7C01%7C%7C5305d21b640f41b59aea08d8ddcd229d%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637503220475871676%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5qyCNS0Vd8FUGn%2BsQbYWNt7abUPULtwcv03Hp5H%2BvDA%3D&reserved=0
https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Famazonia.org.br%2F2015%2F12%2Ftucuma-e-analisado-para-prevenir-e-tratar-obesidade-e-diabetes-no-amazonas%2F&data=04%7C01%7C%7C5305d21b640f41b59aea08d8ddcd229d%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637503220475871676%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5qyCNS0Vd8FUGn%2BsQbYWNt7abUPULtwcv03Hp5H%2BvDA%3D&reserved=0
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tucuma sdo empregadas na medicina tradicional para prevenir derrames e aliviar dores de
ouvido (COELHO-FERREIRA, 2009). O endocarpo da fruta é, popularmente, usado
contra a artrite reumatoide (RODRIGUES, 1998).

Bony et al. (2012b) demonstraram as propriedades anti-inflamatérias do 6leo de
tucuma contra macrofagos J774, in vitro e no modelo de choque de endotoxina em
camundongos, bem como no modelo agudo e cronico de inflamacao pulmonar (BONY et
al.,, 2012a). Segundo esses autores, as propriedades anti-inflamatérias sao,
provavelmente, mediadas por acido graxo e a presenga de compostos antioxidantes, como
carotenoides e moléculas anti-inflamatdrias, como esterais.

Foram encontrados poucos estudos sobre a utilizacdo de farinha do residuo de
tucuma. Miller et al. (2013) avaliaram o desempenho zootécnico da farinha do residuo de
tucuma em ragdes para poedeiras comerciais e verificaram as caracteristicas encontradas

no residuo de tucumad viabilizam a utilizacdo deste em ragdes para animais.

2.4 Aproveitamento de residuos e Saude

Enquanto a populacdo de alguns paises em desenvolvimento estd desnutrida e
faminta, cresce o nimero de paises desenvolvidos que lidam com obesidade, consumo
excessivo de alimentos e aumento da producdo de residuos alimentares. De fato, o
desperdicio de alimentos é preocupacdo crescente em todo o mundo, pois representa
problema social, econémico e ambiental (MIRABELLA et al., 2014). A gestdo de
residuos alimentares aparece, portanto, como questdo crucial para a seguranca alimentar
global (COMISSAO EUROPEIA, 2017, pp. 1-14). Os residuos alimentares s&o definidos
como materiais alimentares crus ou cozidos, incluindo qualquer tipo de material
descartado em qualquer ponto do ciclo de vida dos alimentos, entre a fazenda e o prato
do consumidor (COMISSAO EUROPEIA, 2010).

As industrias de alimentos sdo responsaveis por gerar toneladas de residuos
compostos de cascas, sementes, carocos e polpa, dependendo do tipo de fruta, acarretando
sérios problemas ambientais, devido a producéo de lixo orgénico. O reaproveitamento de
residuos gerados pela agroindustria, que hoje € um dos maiores polos de investimentos,
mesmo em paises com alto desenvolvimento tecnoldgico, como Franga e Estados Unidos,
tem motivado diversos estudos na area. Essas pesquisas contribuem para o acimulo de
informacdes sobre o potencial e valor nutricional desses residuos, uma vez que estes

contém teores variaveis de nutrientes essenciais e compostos com potencial para auxiliar
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no combate a doencas degenerativas, melhorando a saude humana (FILHO; FRANCO,
2015).

O aproveitamento integral de frutas e hortalicas (polpa, cascas, talos e folhas), na
elaboracdo de novos produtos, € alternativa tecnolégica limpa que estd ao alcance de
todos, pois pode ser aplicada tanto no ambiente industrial como residencial. A utilizagdo
do alimento, de forma sustentavel, reduz a producdo de lixo orgénico, prolonga a vida til
do alimento, promove a seguranca alimentar e beneficia a renda familiar (SILVA et al.,
2009), além de terem, em suas fragoes solida, fibra alimentar, compostos fendlicos e
substancial capacidade antioxidante (RIBEIRO et al., 2020).

No Brasil, anualmente, desperdica-se milhdes de toneladas de alimentos e
residuos aproveitaveis nas indudstrias de alimentos. Estudos com extratos provenientes dos
residuos do processamento industrial de frutos da manga (farinhas da casca e améndoas)
apresentaram teores importantes de compostos fenodlicos, atividade antioxidante e
antimicrobiano (ARBOS et al., 2013).

Para atender a crescente demanda dos consumidores por produtos saudaveis, o
processamento industrial de frutas e vegetais aumentou (SAGAR et al.,2018). Isso produz
grande quantidade de subprodutos (bagaco, casca, sementes, folhas etc.), que respondem
por 60% dos residuos/coprodutos, geralmente, descartados (AMAYA-CRUZ et al.,
2015).

O tratamento desse material ndo representa, apenas, problema ambiental, mas
também a perda de nutrientes importantes para a saide humana. Hoje, o desafio mundial
¢ a busca por um sistema alimentar, ambientalmente sustentavel e, cada vez mais,
estratégias que visam o processamento eficiente e a obtencdo de produtos de valor
agregado de alta qualidade a partir de matérias-primas ndo tradicionais (LAUB et al.,
2018; PEREZ GUIMENEZ; LUCAS-GONZALEZ et al., 2015).

As indastrias de suco de frutas sdo as principais produtoras de residuos de
alimentos, devido as altas quantidades de cascas e sementes geralmente descartadas
(MORAIS et al., 2015). No entanto, esses residuos tém grande potencial para serem
incluidos na dieta humana, especialmente aqueles ricos em vitaminas, minerais, fibras,
Oleos e compostos bioativos com propriedades funcionais (DA SILVA; JORGE,
2014; MORAIIS et al., 2015). Esses residuos podem, portanto, ser utilizados como fontes
de renda, ao serem transformados em subprodutos ou mesmo coprodutos agricolas.

Como exemplos, tem-se os coprodutos da manga e groselha, conhecidos por
possuirem significativa quantidade de polifendis, e as tamaras, por possuiram quantidades
apreciaveis de polifendis e fibras (AL- FARSI et al., 2005; HABIB et al., 2014).
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Campos et al. (2020) estudaram o efeito da farinha de cascas e caules de abacaxi,
por meio da simulacdo da microbiota do trato gastrointestinal, seguida de ensaio de
fermentacdo in vitro da microbiota intestinal humana e concluiram que as farinhas de
coprodutos de abacaxi sdo um sistema natural de liberacdo controlada de compostos
fendlicos, com alta capacidade antioxidante, com presenca de fibra alimentar, podendo
ser aplicada como ingrediente tecnoldgico em alimentos. Além disso, com elevadas
propriedades funcionais e bioldgicas, as cascas e caules do abacaxi possibilitaram a
modulagéo positiva em cada uma das fases do trato gastrointestinal superior, bem como,
no intestino humano como um todo.

Martinez-Cervera et al. (2011) estudaram os efeitos da fibra alimentar solivel do
cacau, usada como substituto da gordura, em bolos de chocolate. Os autores avaliaram as
propriedades da massa e as propriedades fisicas e sensoriais dos bolos. Os resultados
indicaram que a fibra alimentar soltvel, do cacau, é opcdo para substituir o 6leo em
formulacdo de bolos de chocolate. As principais vantagens foram maior umidade e
textura mais macia e quebradica. Além disso, foi observada reducdo nos sinais de

endurecimento, durante o armazenamento, além de cor agradavel.

2.5 Farinhas e Propriedades Tecnoldgicas

O acesso a produtos elaborados como substitutos da farinha de trigo, que
apresentem valor nutricional e caracteristicas sensoriais agradaveis, ¢ uma dificuldade
encontrada pelos celiacos e pela industria alimenticia. Os biscoitos industrializados estdo
entre 0s mais consumidos pela sociedade, de uma maneira geral, o que € justificado pela
facilidade de consumir e pelo custo acessivel. Apesar da producdo significativa de
biscoitos, no Brasil, a oferta desse produto, isento de glaten, é muito limitada (MAURO
et al., 2010).

Para que determinado ingrediente tenha aplicacdo alimentar, propriedades como
hidratacdo, emulsificacdo, formacdo de espuma, absorcédo de agua e 6leo, solubilidade e
geleificacdo, associadas ao valor nutricional, sdo caracteristicas importantes a serem
avaliadas (MIZUBUTI et al., 2000). A capacidade de absorcdo de agua € propriedade
relevante para aplicacbes em produtos carneos, pdes e bolos, cuja utilizacdo dessas
farinhas, nos sistemas alimentares, pode ser bastante desejavel. As farinhas de semente
podem ndo apresentar propriedades espumantes (capacidade de expansdo de espuma e

estabilidade de espuma), sugerindo sua inadequacéo, como ingredientes, em sistemas
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alimentares que requeiram esta propriedade, como sorvetes, mousses, merengues e outros
(PORTE et al., 2011).

As farinhas de coprodutos (casca, sementes, bagaco) podem ser utilizadas como
alternativa para substituicdo parcial da farinha de trigo, na elaboracdo de produtos de
panificagdo (biscoitos e pdes) e massas alimenticias (PIOVESANA et al., 2013; SANTOS
et al., 2011), ampliando a oferta de produtos com elevado teor de fibra, tanto para os
consumidores sadios quanto para aqueles que apresentam algumas doencas cronicas ndo
transmissiveis (GUIMARAES et al., 2010).

Cazarin et al. (2014) demostraram que a casca do maracujd pode ser usada na
forma de farinha como fonte de fibras na alimentagéo, sendo que sua incorporacao, na
formulacdo de alimentos, deve considerar as suas caracteristicas fisicas, quimicas e
sensoriais, para garantir seu melhor aproveitamento e aceitagdo entre os consumidores.

De Almeida et al. (2020) estudaram a farinha da casca de feijédo, com relagdo aos
parametros quimicos, fisicos e propriedades tecnoligicas. Os resultados sugeriram que tal
produto serve como ingrediente funcional, com potenciais beneficios a saude, sendo fonte
de fibras alimentares e compostos bioativos, com aplicacbes promissoras no
desenvolvimento de novos produtos funcionais e nutracéuticos, incluindo produtos sem

glaten.
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Resumo

Com o reconhecimento mundial do fruto acai como fonte de nutriente e matéria prima promissora
para insercdo em diversos produtos alimenticios, seus residuos/coprodutos como cascas e sementes
tornou-se um grave problema ambiental. Neste sentido, o presente trabalho objetivou caracterizar o

residuo da despolpa, a saber, casca+polpa, borra in natura e respectiva farinha, bem como a semente
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e respectiva farinha. As fragcdes foram analisados quanto a parametros fisicos, quimicos, tecnoldgicos,
compostos antinutricionais e perfil de antioxidantes. Os resultados demostraram que a casca+polpa é
fonte de lipidios, de fibra soltvel e insoltvel, potéssio, célcio e magnésio e antioxidantes como
procianidina A2 e catequina; a borra in natura é fonte de fibra insoltvel; a farinha da borra é fonte de
carboidratos e de fibra insoltvel, possuindo boa solubilidade em leite; a semente e sua respectiva
farinha sdo fontes de carboidratos, de fibra insoltvel e soluvel, contém &cido fitico e taninos
condensados e antioxidades como procianidina A2 e catequina. Tais resultados demostram a
possibilidade de incorporacdo destes coprodutos em formulagBes alimenticias, com ganhos

nutricionais, além de possibilitar um destino eficiente aos residuos dessa agroindustria.

Palavras chave: Frutos exoticos, frutos amazénicos; aproveitamento de coprodutos.

1 Introducéo

O acai (Euterpe precatoria Mart.) é uma palmeira nativa da floresta amazénica brasileira,
sendo o Brasil o seu principal produtor, consumidor e exportador. Os frutos medem,
aproximadamente, 1,0-2,0 cm de didmetro, sdo esféricos e de cor roxa quando maduros (Gordon et
al., 2012). Nas ultimas décadas, houve grande interesse cientifico por esse fruto, devido aos efeitos
benéficos a satde humana, relacionados a sua composicdo fitoquimica e nutricional. Estes efeitos
estdo relacionados, principalmente, a capacidade antioxidante, antiinflamatéria, antiproliferativa e
cardioprotetora (Rodrigues-Baptista et al., 2018; Martins et al., 2018; Pala et al., 2018).

Segundo Buratto, Cocero e Martin (2020), no processamento do agai, a polpa é separada das
sementes (que constituem a primeira fracdo do residuo). Em uma segunda etapa, a polpa passa por
peneiras, as quais retiram uma pasta constituida por fibras e outros residuos solidos produzidos
durante a separacédo da polpa do carogo, formando, assim, uma segunda fragéo do residuo denominada

de borra.
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Tais fracOes residuais podem ser de interesse econdmico e ajudar na sustentabilidade do
processo (Buratto et al., 2020). Estudos recentes tém mostrado a aplicacdo desses residuos/coprodutos
de acai (sementes e borra) como matéria-prima para biorrefinaria (De Lima et al. 2019), porém, é
oportuno verificar a possibilidade desses como matéria prima alimentar, uma vez que é sabido que o
acai é fonte de compostos bioativos (Pessoa et al.,2019), fibras (109,97 g/kg), cinzas (36,61 g/kg) e
proteinas (84,64 g/kg), conforme mostrado por Silva et al. (2019) ao estudarem polpas liofilizadas de
acai. Suas sementes sdo compostas por celulose e hemicelulose (63-81%), proteinas (5-6%), lipidios

(2-3%) e minerais (2-6%), segundo estudo realizado por Rogez (2000).

Nesse contexto, o presente estudo teve como objetivo avaliar o potencial nutricional,
antinutricional, propriedades tecnoldgicas e a capacidade antioxidante da casca+polpa in natura do
acai (CP), da borra do acai in natura (BA), da farinha da borra do acai (FBA), da semente do acai in
natura (SA) e da farinha da semente do acai (FSA), com intuito de sugerir possiveis usos desses

residuos/coprodutos para a industria alimenticia mundial.

2 Material e Métodos

2.1 Materiais e Reagentes

Frutos inteiros de Euterpe precatéria, bem como a borra e a semente (residuos do
processamento) foram doados pela empresa brasileira FastAcai®. A preparacio para as analises fora
intrinseca a cada fracdo. Os frutos inteiros seguiram para analise de morfologia como massa,
didmetro transversal e comprimento. A casca/polpa in natura (CP) foi obtida por meio de
despolpamento manual, sem uso de maceragéo, para preservar 0s nutrientes e compostos bioativos.
A borra in natura (BA) e a semente in natura (SA) foram divididos em 3 lotes: o primeiro seguiu
para analise de sélidos soluveis, pH, acidez e cor; o segundo, foi armazenado em temperatura de -

18°C, para realizacdo das demais analises; o terceiro lote foi seco em estufa de circulagéo forgada de
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ar (TE 394/4, Tecnal, Piracicaba, Brasil), a 60°C, até atingir 15% de umidade. Ap0s seca, a borra foi
triturada em moinho de facas (willye START FT 50-Brasil) para obtencdo da farinha (FBA), com
granulometria de 25,40mm. J& as sementes de acai foram trituradas em moinho de facas e martelos
(Nogueira OPM-JR-Brasil) e, posteriormente, foram novamente trituradas em moinho de facas
(willye START FT 50-Brasil) para atingir granulometria de 25,40mm. Apos esse procedimento, a
polpa+casca do acai in natura (CP), a borra in natura (BA) e a farinha da Borra (FBA), semente in
natura (SA) e farinha da semente (FSA) foram armazenadas em sacos de polietileno de alta densidade
e fechadas a vacuo, conforme mostra a Figura 1. Os sacos foram revestidos com folhas de papel
aluminio e armazenados em congelador a -18°C, até 0 momento da realizacdo das diversas analises

(fisicas, quimicas, nutricionais, antinutricionais e tecnoldgicas).

ACAI

Analises fisicas =

Casca + Polpa (CP) Borra Semente
| |
| | | |
Analises fisicas e . Farinha da Borra Farinha da Semente
quimicas Borra in natura (BA) (FBA) Semente in natura (SA) (FSA)
. Analises fisicas i isi - — Analises fisicas
Analises ‘ dimicas . Analises fisicas, Analises fisicas, Uimicas
= antinutricionais e quimicas, | quimicas, quimicas duimicas,
I antinutricionais e ntinutricionai . Les antinutricionais e
Antioxidantes antinutricionais e
antioxidantes antioxidantes antinutricionais e antioxidantes
antioxidantes

Figura 1: Fluxograma de experimento realizado com as fragOes casca+polpa (CP), borra in natura
(BA), farinha da borra in natura (FBA), sementes (SA) e farinha da semente de acai (FSA), advindos

do processamento industrial do acai.

2.2 Anédlises fisicas do Acai e suas fragdes
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O fruto inteiro foi analisado em relacdo a sua massa, utilizando balanca semi-analitica (Scientch
/SA 210); rendimento, pesando o fruto integral e apos retirado a casca+polpa e semente, 0s quais
foram pesados separadamente, utilizando balanga semi-analitica (Scientch /SA 210). Para o estudo
morfoldgico, referente ao didmetro e comprimento, foi utilizado paquimetro digital (Vernier Caliper
ive, 0-150 mm), realizado em 30 frutos escolhidos ao acaso.

A atividade de agua foi feita em aparelhno AqualLab, digital, modelo CX-2, fabricado pela
DECAGON, a temperatura ambiente (x 25°C). Os parametros instrumentais de cor foram
determinados em colorimetro (Color Quest, XE, Reston, EUA), de acordo com o sistema CIELab. Os
resultados foram expressos em valores L*, a*, b*, sendo L* (claridade), variando do preto (0) ao
branco (100), a* variando do verde (-60) ao vermelho (+60) e b* variando do azul (-60) ao amarelo
(+60). O Chroma (C) foi calculado, por meio da equacdo 1. Foram feitas 30 determinagdes em cada

uma das fracoes do acai (CP, BA, FBA, SA e FSA).

Equagdo 1: C = Va? + b?

2.3 Andlises Quimicas do Acai

As determinacgdes analiticas foram realizadas nas amostras de CP, BA, FBA, SA e FSA; o teor
de sdlidos soluveis foi determinado, por meio de leitura da diluicdo (1:9) em refratdmetro digital
(AR200, Reichert Analytical Instruments, Depew, Nova lorque, Estados Unidos), sendo essa
diluicdo, também, utilizada para a leitura do pH, o qual foi determinado em potencidmetro (TEC5,
Tecnal, Piracicaba, Sdo Paulo, Brasil), previamente calibrado com solu¢ées de pH 7,0 e 4,0. A acidez
titulavel, expressa em g/100g de acido citrico, foi realizada por titulometria, na dilui¢do (1:9) com
solucdo de hidroxido de sédio (NaOH) 0,1 M; o teor de umidade e cinzas foi determinado por método
gravimétrico, no qual as amostras foram submetidas ao aquecimento em estufa a 105 ° C e

carbonizadas em placas elétricas, com posterior incineragdo em mufla a 550 ° C respectivamente
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(AOAC, 2016 numero 930,16 e 942,05): proteinas pelo Método de microKjeldahl, de acordo com
AOAC (2016, nimero 929,152), utilizando o fator de conversao de 6,25; lipideos totais por meio do
método de Bligh-Dyer (1959); carboidratos totais calculado por diferenca segundo RDC n°360
(BRASIL, 2003); valor caltrico calculado por meio da utilizacdo dos coeficientes de Atwater
(carboidrato = 4,0 Kcal/g; lipideos = 9,0 Kcal/g; proteinas = 4,0 Kcal/g) (Merril & Watt. 1973). Todas
as analises foram realizadas em 10 repeticOes. O teor de fibras soltveis e insolUveis foi determinado,
em 3 repetigdes, por método gravimétrico-enzimatico, utilizando enzimas o-amilase, protease e
amiloglicosidase (AOAC, 2016 numero 992,16). Os teores de agUcares redutores, ndo redutores e
totais foram determinados pelo método do &cido 3,5-dinitrossalicilico (ADNS), segundo metodologia
proposta por Silva et al. (2003), feitas em 10 repeticdes. Os minerais (calcio, magnésio, fosforo,
cobre, ferro, manganés e zinco) foram determinados por espectrometria de chama (Malavolta et al.,

1997), em triplicata.

2.4 Fatores antinutricionais do Acai e suas fragdes

A presenca de acido cianidrico foi avaliada nas fracbes CP, FBA e FSA, utilizando o teste
Guignard, técnica qualitativa que consiste na confirmagdo da presencga ou nao de cianetos. A semente
de ameixa foi utilizada como padrdo comparativo, segundo Aradjo (2011), a qual apresenta
glicosideos cianogénios precursores do &cido cianidrico. As andlises foram realizadas em 3
repeticoes.

Para a determinacdo de acido fitico, taninos condensados e taninos totais, foram feitos 3 extratos
e, a partir desses, foram realizadas 12 leituras nas fracdes CP, BA, FBA, SA e FSA separadamente.
O teor de inibidores de tripsina foi determinado, de acordo com Arcon (1979), com extracao, apenas,
em pH neutro. O teor de &cido fitico foi determinado pelo método descrito por Latta e Eskin (1980),
utilizando a resina DOEX- Cellulose (ion-exchangeresin), de acordo com Vilela et al. (1973). O teor

de taninos condensados foi estimado, espectrofotometricamente, cuja extracao foi utilizando metanol,
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pelo método adaptado por Barcia et al. (2012). O método proposto por Swain e Hills (1959) foi

utilizado para determinar o teor de taninos totais, utilizando 4gua como agente extrator.

2.5 Anédlises tecnoldgicas da farinha da borra (FBA) e da semente (FSA) de Acai

Para determinacéo do indice de absorcdo e &guam (IAA), solubilidade em dgua (ISA), absor¢do
em Oleo (IAO) e para os indices de absorcao e solubilidade em leite (IAL e ISL respectivamente), foi
utilizada metodologia descrita por Okezie e Bello (1988) e equacdo descrita por Anderson et al.

(1969). Ambas as analises foram realizadas em 10 repeticoes.

2.6 Extracdo e analise dos pigmentos

Para as analises descritas a seguir, foram feitas 3 extracdes e leituras em 4 repeticGes nas
fracdes CP BA, FBA, SA e FSA. A quantificacdo de clorofila foi mensurada pela metodologia de
Engel e Poggiani (1991). O método adaptado por Barcia et al. (2012) foi utilizado para determinar o
teor total de antocianinas. Os carotenoides foram extraidos, conforme descrito por Serino et al.
(2009), e identificados e quantificados por Cromatografia liquida de alta eficiéncia CLAE, em
cromatdgrafo (Shimadzu, série LC-20AT, Tokyo, Japan) equipado com sistema de bombas
isocréaticas (LC-20AT), injetor automatico (SIL 20A), sistema de detec¢do de UV-VIS (SPD-20A) e
forno para coluna (CTO 6A). A coluna C18 (LiChroCART 250-4 LiChrospher® 100 RP-18
endcapped 100x4,6mm- 5 um - Merck) foi utilizada ¢ o volume de injecdo de extrato foi de 20 pL.
A fase movel foi composta por acetonitrila: dgua: acetato de etila (53:7:40, v/v/v), em fluxo de 1
mL/min. Durante a analise, a temperatura foi mantida em 30°C. Espectros de absorbancia foram
adquiridos por varredura (200-600 nm), com monitoramento em quatro comprimentos de onda: 474

nm para licopeno, 454 nm for -caroteno, 286 nm para fitoeno, e 448 nm para luteina. A identificacao
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8
deu-se por meio da comparagdo com o tempo de retencdo dos padrées e sua quantificagcdo feita por

meio da utilizacdo de curvas com cinco diferentes concentragdes dos padrdes.

2.7 Tocoferol

A cromatografia liquida de alta eficiéncia (CLAE) foi utilizada para a determinacdo da
vitamina E (a-, B-, y-, 6-tocoferol) no acai (casca+polpa) e seus coprodutos (BA, FBA, SA e FSA),
conforme descrito por Presoto, Rios e Almeida-Muradian (2000) e Melo e Almeida-Muradian (2010).
Para as analises, foram utilizados 5 g de amostra, e feitos 3 extratos. Foi utilizado um detector de
fluorescéncia (RF-10AXL), ajustado para excitacdo de 295 nm e emissdo de 330 nm. Uma coluna de
silica Shim-pack CLC-Sil (M) (25 x 4,6 mm de tamanho de particula 5 pm) com fase mével pré-
filtrada e desgaseificada foi usada, consistindo em hexano e alcool isopropilico (99: 1) e 1,5 fluxo de
mL / min. Os tocoferdis foram identificados pela comparacdo do tempo de retencdo dos padrbes
sintéticos, e a quantificacdo foi realizada por curva de padronizacdo externa, usando, pelo menos,
cinco niveis de concentracao para cada padrdo. Para calcular a vitamina E, presente nas amostras, foi
utilizado a equacdo descrita por Holland et al. (1991), que é baseado na atividade biol6gica da

vitamina E (tocoferol).

2.8 Antioxidantes do Acai (casca+polpa) e suas fracdes (BA, FBA, SA e FSA)

2.8.1 Preparacéo dos extratos

Os compostos bioativos, de cada amostra, foram extraidos de acordo com protocolo descrito
por De Souza et al. (2018), utilizando proporcéo de 1:30 (amostra: solvente) e solugdo metanol: dgua
(60:40, v/v), em banho ultrassénico (USC2800A, Logen scientific, Sdo Paulo, Brasil; frequéncia
40Khz; dimenséo interna: 293x235x150mm), por 11 min. Os extratos foram centrifugados (3000g,

15 min, 4°C) em centrifuga (5403, Eppendorf AG, Séo Paulo, Brasil), filtrados em filtro de placa
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sintetizada (G4) e armazenados em fracos &mbar sob temperatura de -18°C, até 0 momento das
analises espectrofotométricas e cromatogréaficas. As extracdes foram realizadas em 3 repeticdes nas

fracdes CP, BA, FBA, SA e FSA.

2.8.2 Identificacdo e Quantificacdo dos Flavonoides e Acidos Fendlicos

A separacdo, identificacio e quantificacdo dos Flavonoides e Acidos fendlicos foram
realizadas por CLAE-DAD-MS, utilizando coluna de fase reversa Luna C18 (2) HST (100 x 3,0 mm,
2,5 um; Phenomenex, Torrance, CA, EUA). Os extratos foram filtrados em filtros de nylon 0,22pum
(Millipore) para vials e o volume injetado foi de 5uL. A fase mdvel foi constituida de &gua com &cido
férmico a 0,1% (A) e acetonitrila (B). As separacdes cromatograficas foram realizadas em condicdes
gradientes, usando o solvente A e o solvente B a vazdo de 0,5 mL min™. Um programa de gradiente
de 22 minutos foi utilizado no estudo, comecando com acido férmico a 0,1% e acetonitrila (95: 5, v
/ v), seguido de aumento de até 8% de acetonitrila em 5,0 min, e aumento para 15% em 8 minutos,
mantendo-se nessa propor¢ao por 2 minutos e, em seguida, aumentando para 20% de acetonitrila em
12 minutos; a proporcdo de acetonitrila foi novamente aumentada para 35% em 15 minutos e
mantendo em 3 minutos, finalmente foi diminuida a proporcéo de acetonitrila para 5% e mantendo-
se em 2 min. As amostras foram injetadas em triplicata e os flavonoides e &cido fendlico foram
identificados, de acordo com o tempo de retencdo e quantificados por meio de curva de padrdes

comerciais (Sigma Aldrich, St. Louis, EUA).

2.8.3 Capacidade antioxidante

A capacidade antioxidante foi determinada, usando os ensaios DPPH, FRAP e ABTS. A
capacidade de eliminacdo de radicais livres (DPPH) foi determinada de acordo com método descrito
por Rufino et al. (2010), nas fragdes BA, FBA, SA e FSA. A capacidade antioxidante, avaliada quanto
ao poder de reducédo do Ferro (FRAP) foi determinada, de acordo com Rufino et al. (2006) somente

na fracdo casca+polpa (CP). As limitacGes de analises por DPPH e FRAP, nas demais fracGes, foi
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devido a pigmentacdo dessas. Para o ensaio da capacidade de reducdo do radical ABTS, essa foi

determinada de acordo o método com Rufino et al. (2007) nas fracdes CP, BA, FBA, AS e FSA.

3.3 Analises estatisticas

O experimento foi conduzido em delineamento inteiramente casualizado (DIC), com
repeticdes, cujos tratamentos foram as fragdes CP, BA, FBA, SA e FSA. Para as analises fisicas, as
médias foram apresentadas com seus respectivos desvios padrdo. Para as comparagoes entre fragdes,
as meédias das andlises foram submetidas & analise de varidncia e, quando significativas, aplicados
teste de Tukey ou teste t (Student), utilizando nivel de confianca de 95%. Foi utilizado, para auxilio,

0 programa SISVAR (Ferreira, 2014).

3. Resultados e Discussao

Os dados, apresentados na Tabela 1, mostram as caracteristicas morfoldgicas do fruto acai,
coletados na Amazonia Brasileira. Nota-se, por suas dimensdes transversais/horizontais (13,04/11,49
mm respectivamente) e massa (1,469), que o fruto é pequeno, semelhante ao relatado por Gordon et
al., (2012), cujos frutos de agai estudados variaram entre 10 a 20mm. A massa da semente de acai
(1,21 g) mostrou ser bem maior que a massa da casca/polpa (0,31g). Quanto ao rendimento do fruto,
0 acai, colhido no Amazonas brasileiro, apresentou 21,52% em casca+polpa e 78,14% em sementes,
ou seja, apds sua industrializacdo, é grande o percentual de residuos que sdo descartados, chamando
a atencdo para o aproveitamento de forma integral dessa espécie vegetal.

Tabela 1. Caracteristicas fisicas do acai Amazénico Brasileiro, safra 2018/2019, coletados no estado

do Para (BR).

Parametros Acai
Massa (g) 1,46 + 0,26
Diametro transversal (mm) 13,04 + 0,88

Diametro horizontal (mm) 11,49+ 2,09
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Casca/polpa (g) 0,31+0,04

Semente (g) 1,21+ 0,25
Fracgdes Rendimento
Casca/Polpa (%) 21,52 £ 5,55
Semente (%) 78,14 + 18,53

10s valores correspondem as medias + desvio padrdo de 30 repeticdes, escolhidos de um lote ao acaso.

A avaliacdo da composicdo proximal das fragdes do acai pode ser observada na Tabela 2. A
fracdo BA apresentou a mais elevada umidade (61,55 g/100) e Aw (0,99), quando comparada as
demais fragdes, justamente pela adi¢do de &gua utilizada no processo de despolpa. Sugere-se secar
essa fracdo para evitar crescimento microbiano e reagdes quimicas que irdo degradar, facilmente, esse
coproduto, impossibilitando seu uso vindouro. Com relacdo a fracdo em forma de farinhas (FBA e
FSA), essas ficaram abaixo de 15% de umidade (4,5% e 5,53% respectivamente), sendo possivel seu
armazenamento e vida Gtil mais prolongada. O teor de umidade inferior a 15% €é recomendado pela
legislacdo brasileira em farinhas no geral (Brasil, 2005). A umidade é uma variavel importante no
armazenamento de farindceos, pois altos niveis podem proporcionar crescimento de fungos e
producdo de micotoxinas (Hadaruga et al., 2016). Logo, a secagem dos residuos/coprodutos de acai
a 60°C por, no minimo, 24 horas foi eficaz para reducao da umidade.

O teor de cinzas encontrado na fracdo CP foi de 2,36 g/100g, maior do que os encontrados nas
outras fracGes estudadas. Resultado semelhante foi observado no teor de proteinas, a qual foi maior
na fracdo CP (8,26 g/100g), quando comparado com a semente (1,52 g/100g) e sua respectiva farinha
(1,64 g/100g), e com a borra (1,24 g/100g) e sua respectiva farinha (1,30 g/100g). A média de
proteinas, observada para o acai, foi inferior a relatada por Gordon et al. (2012), ao estudarem a fracao
casca/polpa de acai do estado de Amazonas (12 g/100g), possivelmente, devido a diferencas do solo,
clima, ja que os frutos, objetos deste estudo, foram coletados no estado do Para.

Segundo Cardoso et al. (2019), os lipidios sdo variaveis que tém relevancia nutricional e
fisiolégica nos alimentos, porque séo fontes de acidos graxos essenciais e energia. Além disso, eles

desempenham papel fundamental na qualidade dos alimentos, pois podem causar gostos e odores



271

272

273

274

275

276

277

278

279

280

12
desagradaveis nas farinhas armazenadas. Com isso em mente, a fracdo de maior preocupacéo é a CP,
com teor de lipidios de 25,12 g/100g, seguido pela fragdo FBS (4,06 g/100g) e, finalmente, pelas
demais fragOes, que ndo diferiram entre si, com média de 2,61 g/100g. Os menores teores de lipidios
encontrados nas fracbes de acai podem contribuir para que, ao longo do armazenamento, as
modificacOes sensoriais e quimicas, relacionadas a rancidez, fiquem menos susceptiveis.

A fracdo CP (64,26 g/100g) apresentou o menor teor de carboidratos totais, porém teve o valor
calorico superior (515,92 Kcal/100g), quando comparado as demais fragcGes do acai. Isso pode ser
explicado pela elevada quantidade de lipidios nessa fra¢do, quando comparado com as outras, ou seja,
o valor caldrico acentuado do acai esta, sem duvida nenhuma, em sua por¢édo casca e polpa in natura.

Mais um motivo para ser submetida ao processo de secagem e armazenada adequadamente.
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281  Tabela 2. Composigao nutricional (g/100g), valor caldrico (kcal/100g), composicéo fisica e minerais (mg/100g) da fracdo CP (casca e polpa), borra in

282  natura (BA), farinha da borra de acai (FBA), semente in natura (SA) e farinha da semente de acai (FSA) e propriedades tecnoldgicas da FBA e FSA,

283  em base seca.

Parametros CP BA FBA SA FSA
Umidade 39,80+ 0,57° 61,46 + 0,39 4,50 +0,21° 33,69 + 0,29° 5,53 + 0,28¢
Cinzas 2,36 + 0,252 1,24 +0,12¢ 1,30 + 0,139 1,52 + 0,16% 1,64 +0,29°
Proteinas 8,26 + 0,392 3,6 £0,44° 3,12 £0,19¢ 5,02 +0,45° 5,32 +£0,15°
Lipidios 25,12 + 1, 54 3,00 + 1,14% 4,06 +0,23° 2,03 £0,47° 2,80 + 0,58°
Carboidratos Totais 64,26 + 1,65¢ 92,16 + 1,38° 91,52 + 0,33 91,40 + 0,412 90,24 +0,5°
Valor calérico Total 515,92 + 7,982 410,08 + 5,83 413, 74 £ 2,07° 404,06 + 2,25° 407,43 + 3,63

Fibra Insoldvel 43,72 +0,36¢ 33,32 +0,70° 86,89 + 1,81° 53,77 + 0,00° 80,77 + 0,00
Fibra Soluvel 3,10 + 0,68% 0,46 + 0,23¢ 1,19 + 0,59% 2,24 +0,14" 3,37 £ 0,21°
Fibra alimentar total 46,82 + 1,04 33,78 £ 0,92° 88,07 + 2,42 55,81 + 0,14° 84,14 +0,21°
Acucares Redutores 2,29 £0,16% 0,28 + 0,00° 0,29 +0,00° 1,60 + 0,09° 1,69 + 0,10°
Sacarose 0,39 £ 0,23° 1,42 +0,09% 1,49 + 0,09? 0,60 +0,13° 0,64 +0,14°
Acucares total 2,68 £ 0,302 1,70 £ 0,09° 1,78 £ 0,09° 2,20+ 0,17° 2,33+0,18°
pH 4,87 +0,14° 4,63 +0,02¢ 4,70 +0,02¢ 5,23 + 0,04° 5,82 + 0,022

AT? 1,68 + 0,08¢ 1,36 + 0,25° 2,43 +0,47° 3,13 £ 0,307 3,34 +0,03°

ss® 5,85 + 1,20° 2,34 + 0,46¢ 3,60 +0,00° 8,28 + 0,38% 8,10 +0,00°

Aw 0,98+0,00? 0,99 + 0,00 0,38 + 0,03° 0,94 + 0,00 0,36+ 0,01¢

L 24,86 + 2,10° 28,27 +1,13¢ 43,16 + 2,16° 48,63 +0,78" 54,55+ 1,222
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A* 1,54 +0,32° 8,89 + 0,87° 6,90 + 0,31¢ 12,08 + 0,307 11,29 + 0,41°
b* -1,12+ 0,31° 6,15 + 0,76° 11,92 £ 0,49° 22,36 = 0,322 18,96 + 1,03"
Chroma 1,94 +0,21° 10,81 +1,12¢ 13,77 £ 0,55° 25,42 + 0,40? 22,07 + 1,09°
Potéssio 659,24 + 125,832 220,00 + 0,00¢ 230,37 £ 0,00° 340,00 + 11,5° 359,90 + 12,22°
Fosforo 75,88 +0,72° 26,00 + 7,09¢ 27,23 +7,43° 104,00 + 7,55% 110,09 + 7,99?
Calcio 385,59 + 7,18% 100,00 + 0,00° 104,71 + 0,00° ND ND
Magnésio 211,46 £7,18 ND ND ND ND
Ferro 5,61 + 0,06° ND ND 6,65 + 0,85° 7,04 +0,90°
Cobre 2,10 + 0,00 0,90 +0,14° 0,94 + 0,15 1,20 +£0,23° 1,27 + 1,24
Manganés 43,53 + 0,402% 5,95 + 1,45° 6,23 £ 1,52° 9,8 +1,20° 10,37 +1,27°
Zinco 2,84 + 0,062 0,35+£0,11° 0,37 £0,12° 1,12 + 0,15° 1,19 + 0,16°
Enxofre 497,54 £ 16,172 33,00 + 2,08° 34,55 +2,18° 116,00+ 32,33 122,79 + 34,32°
Parametros tecnologicos
ISA* (%) IAAS (g. gel/g) CAOQ® (%) ISL7 (%) IALE (g. gel/g)
FBA 3,94 +1,54° 3,12 + 0,252 2,47 + 0,152 30,45 + 1,532 1,25 +0,09°
FSA 8,69 + 0,75 2,77 £ 0,15 1,99 +0,10° 3,41 0,22 2,03 +0,11°

284  'Os valores correspondem as medias + desvio padrdo. Letras mintsculas na mesma linha, e na mesma coluna para os parametros tecnolégicos nédo diferem entre si

285  estatisticamente no teste de Tukey a 5% (p <0,05). 2 Acidez titulavel expressa em g &cido citrico/100g.2 Sélidos Soltveis (°Brix). *indice de solubilidade em &gua.

286  Sindice de absorcao em agua. *Capacidade de absorgéo de 6leo. 7 indice de solubilidade em leite. ®Indice de Absorcdo em leite. ND (ndo detectado).
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As farinhas FBA (88,079/100g) e FSA (81,14 g/100g) apresentaram teores de fibras alimentares
superiores as demais frac@es, indicando, mais uma vez, a vantagem de secar 0s coprodutos do acai
como borra e semente. O valor de referéncia de ingestdo diaria de fibra total, para homens e mulheres,
entre 19 e 50 anos, varia entre 25 e 38 g/dia, segundo o Institute of Medicine (2010). Logo, a ingestao
de 100 g das farinhas FBA ou FSA, provem 88% da recomendacéo diaria para fibras. Vale ressaltar
que as fibras insollveis sdo as predominantes em qualquer uma das frag@es estudadas e estas ajudam
no transito intestinal, colaborando com a prevencao de vérias doencas relacionadas a digestdo dos
alimentos. O mesmo comportamento de fibras foi observado em estudo de polpa de acai, realizado
por Maria do Socorro et al., (2011), cuja presenca de fibra insoltvel (64,49 g/100g) foi maior que a
fibra soltvel (2,75 g/100g).

Com relagcdo a quantidade de agucares, quer sejam eles totais, redutores ou simplesmente
sacarose, ambas as fragdes séo pobres nesses componentes, sendo um fator agregador na conservagéo,
pois reduzida quantidade de agucares emprega em reduzida possibilidade de fermentacdo. Esses
dados sdo semelhantes ao encontrado por Silva et al., (2019), em polpa liofilizada de acai, que variou
de 3,74 a 8,50° Brix.

Observou-se que entre as fracfes estudadas do fruto acai, a semente e sua respectiva farinha,
possuem pH mais elevado (5,23 e 5,82 respectivamente). Segundo Santos et al., (2008), as fracdes do
acai sdo classificadas como alimento de baixa acidez (pH > 4,50), 0 que pode possibilitar o
desenvolvimento de formas microbianas esporulantes, requerendo, portanto, cuidados no
armazenamento e escolha adequada na embalagem. Quanto aos valores de pH e acidez encontrados
na fracdo casca+polpa deste trabalho (4,87 e 1,68 g/100g acido citrico), sdo condizentes aos
encontrados por Santos et al., (2008), em polpas comerciais de acai, variando de 3,55 a 4,80 para pH
e 0,20 a 0,94 g/100g para &cido citrico respectivamente. Quanto ao teor de agucares totais, a variacao
encontrada neste trabalho (1,70 a 2,68 g/100g) condiz com o previsto na legislacéo brasileira (Brasil,
2018) que determina valor maximo de agucares totais para o acai grosso, medio e fino de até 40,00

9/100g, justamente para evitar ou inibir futuras fermentagcdes microbianas.
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Com relagdo a coloragdo das amostras, o valor de L* na fracdo CP (24,86), como esperado,
foi menor, demostrando menos claridade quando comparado com a fragcdo semente (48,63) e sua
respectiva farinha (54,55), fato reforcado pelo valor negativo de b* (-1.12) na CP; j& para a fracdo
BA (28,27) e FBA (43,16), os valores de L* comprovam que a secagem alterou a cor, quer seja na
farinha da borra ou na farinha da semente de acai. Os valores positivos de a* e b* indicam tom marrom
em ambas as amostras. Quanto ao Chroma, quanto maior seu valor, maior a intensidade da cor, logo,
observou-se que entre as fragdes de residuos do acai, a semente (25,42) e sua farinha (22,07) possuem
coloragdo mais acentuada em relagdo a casca+polpa (1,94), borra (10,81) ou farinha da borra (13,77).
Em geral, a causa do escurecimento nos produtos secos, termicamente, é principalmente devido as
reacOes de Maillard, caramelizacdo e a oxidacdo do acido ascérbico que ocorrem, normalmente,
durante o processo de secagem térmica (Michalska et al., 2018). Esse escurecimento, porém, ndo
inviabiliza a utilizagcdo dos coprodutos do agai, uma vez que a inclusdo de ingredientes, com coloracao
escura em produtos alimenticios, pode ser associada, pelos consumidores, como ingredientes integrais
e, portanto, mais saudaveis (Walker et al., 2014),

As necessidades médias diarias de minerais, para adultos de 19 a 70 anos (homens e mulheres),
segundo o Institute of Medicine (2006) sdo as seguintes: manganés, 1,8 a 2,3 mg por dia; cobre 0,9
mg / dia; ferro 14 mg / dia; magnésio 260 mg / dia; fosforo 700 mg / dia; calcio 1000 gm/dia e potassio
(4700 mg/dia). Sendo assim, consumindo 100g, da CP, tem-se a necessidade diaria suprida em 10,84
% para 0 potassio; 14,02 % para célcio; 81,33% para magnésio; ja para as fraches SA ou FSA,
considerando que s&o iguais estatisticamente, nota-se que séo supridas, ao ingerir 100g de qualquer
uma delas, as necessidades diarias de 15,72% para o fosforo e 50% para o ferro. O fosforo é essencial
ao crescimento dos tecidos, manutencdo do pH normal, além de integrante na composicdo dos
fosfolipidios da membrana celular (Oliveira et al., 2010), bem como o magnésio, que atua na
manutenc¢do dos ténus vasomotores e reguladores fisiologicos da funcdo hormonal e imunologica
(Volpe, 2013). Ja o calcio, tem papel importante na coagulacdo sanguinea, contragdo muscular,

funcéo miocardica, transmissao neuromuscular e suporte estrutural do osso (Oliveira et al. 2014) e 0
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ferro, por sua vez, possui papel primordial na composi¢do das proteinas e enzimas. (WHO, 2001).
Portanto, independente da fracdo descartada do fruto acai, todas possuem minerais relevantes para a
salide humana, sendo promissora o uso delas na alimentacéo.

Analisando os pardmetros tecnoldgicos (Tabela 2), sabe-se que o indice de solubilidade em
agua (ISA) refere-se a quantidade de sélidos solUveis, em amostra seca, que se dissocia ha molécula
de &gua, indicando possivel degradacdo das moléculas de amido, permitindo verificar o grau de
severidade do tratamento, em funcdo da degradacdo, gelatinizacdo, dextrinizacdo e,
consequentemente, solubilizacdo desse componente (Hatamian et al.,2020); ja o indice de absor¢do
de &gua (IAA), mede a quantidade de agua absorvida pelo amido e pode ser usado como indice de
gelatinizacdo (Turan et al.,2015). Vale lembrar, também, que IAA depende da presenca e
disponibilidade de grupos hidrofilicos, bem como da capacidade de formag&o de gel macromolecular
(Hatamian et al.,2020). Neste contexto, observa-se que a FSA (8,69 %) dilui-se melhor que a FBA
(3,94 %), em se tratando de ISA, porém a FBA (3,12 g.gel/g) € melhor para absorver agua do que a
FSA (2,77 g.gel/g). Em estudos conduzidos por Santana et al., (2017), o IAA de farinhas de aveia
(0,85% a 1,20%) foi quase 2 vezes menor que o IAA das farinhas FBA ou FSA, sugerindo substituicdo
eficaz da farinha de aveia por farinhas de coprodutos do acai em produtos alimenticios. Segundo
Branddo et al. (2019), a farinha de trigo, mundialmente utilizada em diversos segmentos alimenticios,
apresenta ISA de 13,2 e 1AA de 1,68%, indices menores que 0s encontrados para as fragdes FBA e
FSA, mostrando, mais uma vez, a eficiéncia dessas farinhas na substitui¢éo total ou parcial da farinha
de trigo em alimentos como bolos integrais, pées, biscoitos, macarréo etc.

A Capacidade de Absorcio de Oleo (CAO) é conferida, principalmente, a ligacio de partes
proteicas da amostra as moléculas do 6leo, sendo fator importante na utilizacdo das farinhas em
produtos carneos ou em produtos emulsionados como massas de bolos, maionese ou molhos para
saladas, sopas, queijos processados e extensores de carne (Silva-Sanchez et. al., 2004; Porte et al.,
2011). Observa-se que a fracdo FBA (2,47%) obteve resultados melhores que a FSA (1,99%) para

CAO, mostrando a preferéncia desta primeira, na utilizacdo como ingrediente em alimentos
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emulsionados ou carneos como hamburgueres, nuggets, salsichas etc. Di Cairano et al. (2020), ao
estudarem farinha de trigo sarraceno, encontraram uma CAO de 1,06 %, valor este menor aos
encontrados na fracdo FBA (2,47%) e na fragdo FSA (1,99%).

O indice de absorcdo em leite (IAL) é um parametro crucial para a elaboragdo de produtos a
base de leite como sobremesas, requeijdo, doces ou alimentos instantaneos infantis (Morais et al.,
2019). De acordo com a tabela 2, nota-se que a ISL da FBA (30, 45 g.gel/g) foi substancialmente
maior que a FSA (3,41 g.gel/g), em contrapartida a FBA (1,25%) absorve menos leite que a FSA
(2,03%). Ou seja, 0 uso da farinha da borra do acai € bem interessante em produtos que necessitam
de solubilidade de fibras insoluveis.

Com relacdo aos antinutricionais, presentes nas fracdes dos coprodutos do acai (Tabela 3),
pode-se notar auséncia total de compostos cianogénios. Quanto a presenca de acido fitico e taninos
condensados, esses estdo presentes somente nas sementes (141, 87 mg/100g e 43,92 mg acido
tanico/100g) e em suas respectivas farinhas (150,24mg/100g e 45,54 mg &cido tanico/100g). Ha
relatos na literatura de métodos de reducgdo desse composto, como o de Mohamed et al. (2007), que
autoclavou o milheto e, apds 24hs, houve reducdo de até 28% nos fitatos. Segundo Coullibaly e
Kouakou (2011), a ingestdo média de fitatos, nos Estados Unidos e no Reino Unido, varia entre 631
e 746 mg/dia respectivamente; a média na Finlandia é de 370 mg/dia, na Italia é de 219 mg/dia e na
Suécia, apenas, 180 mg/dia. Logo, se aplicado um processo de fermentacdo ou até de maceracéo,
possivelmente, o teor de fitatos reduziria. Por outro lado, estudos mostram que esse composto tem
seu lado benéfico, atuando como antioxidante, inibindo as reagdes oxidativas, mediadas pelo ferro e,
também, limitando o dano ao DNA (Midorikawa, Murata, Oikawa, Hiraku, & Kawanishi, 2001). Os
taninos condensados, também, tém mostrado ser benéficos a satde humana, pois pode estar ligada a
presenca de procianidinas (Tabela 4), grande grupo de polifendis, presentes em plantas lenhosas e
algumas herbéaceas (Ferreira et al., 2010). Estudo realizado por Zhang et al. (2011) observaram efeito

antidiabético de sementes de uva ou procianidinas da casca, por meio da inibicao da atividade da a-
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glucosidase. Logo, a presenca de acido fitico e/ou taninos na semente e sua farinha ndo limita seu uso
na alimentacdo humana.

Quanto ao inibidor de tripsina, ndo hé relatos na literatura da quantificacdo em acai e/ou suas
fragcbes. Quando utilizamos a farinha de soja como parametro (8 a 10 UIT/100g) (He e Chen, 2013),
jaque essa é uma das leguminosas com maior quantidade de inibidor de tripsina, nota-se a semelhanca
com a fracdo FSA (10,11 UIT/100g). Esse valor pode ser reduzido, em até 50%, se aplicado
tratamento com ultrassom, a 20 kHz por cerca de 20 min, como sugerido por Huang et al. ( 2008), os
quais testaram a técnica com feijdes selvagens com sucesso, uma vez que a atividade inibitéria é
diretamente proporcional as amplitudes do ultrassom e a duracdo da sonicagdo, pois esses atuam
nas ligacBes dissulfeto, e em varias mudancas conformacionais dentro da estrutura da proteina,
inativando-a.

Nao foram encontrados clorofila e a-Tocoferol capazes de serem quantificados, nos métodos
adotados neste trabalho em todas as fragOes analisadas. Os carotenoides foram encontrados, em
quantidades iguais, na BA (16,52 mg B-caroteno/mg) ¢ FBA (16,95 mg B-caroteno/mg), cujos valores
foram inferiores ao encontrado por Lucas et al. (2016) em polpa de agai (41,43 mg [-caroteno/mg).
Com relagdo as antocianinas, destaca-se a concentracdo na fracdo CP (48,53 mg cianidina 3-
glicosidio), na fracdo SA (15,92 mg cianidina 3-glicosidio) e na fracdo FSA (16,86 mg cianidina 3-
glicosidio). As fracdes de BA e FBA (2,52 e 2,63 mg cianidina 3-glicosidio respectivamente) foram
menores devido a degradacdo desse pigmento ser proporcional a taxa de exposicdo térmica (Pacheco-
Palencia, Duncan e Talcott, 2009).

O método de DPPH, para avaliar a atividade antioxidante das fra¢cdes do acai, ndo foi eficiente,
sendo detectados valores muito baixos, assim como o método por FRAP. Ja pelo método ABTS, foi
observado teores significativos de atividade antioxidante na fragdo FSA (10679,30 uM Trolox/mg),
seguido da fracdo SA (10142,21 uM Trolox/mg) e da CP (3510,02 uM Trolox/mg). A hipotese é que

a alta concentracgéo e variedade de compostos fenolicos encontrados na FSA podem ser a base para
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415 sua alta capacidade antioxidante, principalmente catequina (138,93 mg/100g) e procianidina A2

416  (250,63mg/100g) (Tabela 4).
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417  Tabela 3. Compostos antinutricionais, pigmentos, taninos condensados totais (mg/100g) e antioxidantes, na fracdo CP (casca e polpa), borra in natura

418 (BA), farinha da borra de acai (FBA), semente in natura (AS) e farinha da semente de acai (FSA) em base seca.

Parametros CP BA FBA SA FSA
Acidos cianogénios Ausente Ausente Ausente Ausente Ausente
Acido Fitico (mg acido fitico) ND ND ND 141,87 + 23,57% 150,24 + 25,22%
Inibidor de Tripsina (Ul) 1,83 £ 0,85° 1,95+ 0,52° 2,04 £0,42° 9,54 +0,05° 10,11 £ 0,08?
Taninos Condensados (mg catequina) ND ND ND 43,92 £7,162 45,54 + 7,432
Taninos Totais (mg &cido tanico) 2,76 £ 0,26° 0,54+£0,01° 0,56 £ 0,01° 12,21 £0,76% 12,93 £ 0,84%
Clorofila ND ND ND ND ND
Antocianinas (mg cianidina 3-glicosidio) 48,53 + 3,00? 2,51 + 0,65° 2,63 +0,68° 15,92 + 2,10° 16,86 + 2,20P
Carotenoides (mg B-caroteno/mg) ND 16,52 £1,12 16,95 +1,15° ND ND
a-Tocoferol (mg/g) ND ND ND ND ND
DPPH (ECso mg/L) 5,90 £ 0,307 6,95 £ 2,09? 0,10 +0,01° 0,10 + 0,00°
FRAP (UM de sulfato ferroso/mg) 4719,01 + 365,21 - -
ABTS (UM Trolox/mg) 3510,02 + 303,13 254,50 + 72,29 266,58 + 68,78  10142,21 +337,32®  10679,30 + 359,11°

419  'Os valores correspondem as medias + desvio padrdo de dez repeticdes. UIT (unidade inibidora de tripsina). *Letras minGsculas na mesma linha ndo diferem entre si

420  estatisticamente no teste de Tukey a 5% (p <0,05) ou no teste de T a 5% (p <0,05). (-) Analise ndo realizada por conta da pigmentacdo da fracéo.
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Além disso, os extratos de sementes de acgai sdo ricos em proantocianidinas (PAs), classe de
polifendis, também conhecidos como taninos condensados (Barros et al., 2015 ; Melo et al., 2021)
De acordo com Martins et al. (2020), as procianidinas das sementes de acai estdo presentes, apenas,
no tegumento dentro do endosperma, ou seja, esses compostos nao estdo dispersos por toda a estrutura
da semente, o0 que pode facilitar sua extragdo vindoura.

Portanto, dentre as fracdes do acai estudadas, a semente, sua farinha e a casca+polpa, sdo 0s
constituintes de maior atividade antioxidante, podendo ser fator auxiliar na manutencao da qualidade
com o tempo de armazenamento dessas fragoes.

O perfil de compostos fenolicos pode ser visualizado na Tabela 4. Dentre as vérias substancias
detectadas, a procianidina A2 e catequina chamam a atencdo, estando presentes na casca+polpa
(687,29 e 957,51mg/100g), sementes (236,68 e 125,58mg/100g) e farinha da semente (250,53 e
132,93 mg/100g). Soares et al. (2017) constataram que epicatequina (473,96mg/100g) e catequina
(419,30mg/100g) foram os principais fendlicos presentes nas sementes de acai, seguidos por acido
gélico (2,39 mg/100g) e acido 3,4 dihidroxibenzdico (3,41mg/100g). A diferenca nos resultados pode
ser devido ao local, forma, transporte e, até mesmo, pelo manuseio dos frutos até 0 momento da
analise. Cada vez mais, a composicdo em substancias antioxidantes chama a atencdo da
comunidade cientifica, pois, teores significativos podem preservar a matéria prima por mais tempo,

inibindo ou retardando os efeitos da oxidacdo hidrolitica e/ou oxidativa.
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439  Tabela 4. Acidos Fendlicos e Flavonoides, identificados e quantificados (mg/100 g de amostra) por HPLC-DAD, na fragio CP (casca e polpa), borra in

440 natura (BA), farinha da borra de agai (FBA), semente in natura (AS) e farinha da semente de acai (FSA) em base seca.

RT (mim) A (nm) CP BA FBA SA FSA
Acido Galico 2,3 271 2,78+ 0,20 0,68 +0,06° 0,72 +0,06° ND ND
Acido protocatecuico 4.4 259 ND 1,16 +0,11° 1,21 +0,12° 4,22 +0,77° 4,46 + 0,822
Acido p-hidroxibenzoico 7,1 254 ND 3,84 +0,12° 4,02 £0,13" 9,87 +2,50° 10,45 + 2,65
Acido Vanilico 9,1 259 7,58 +0,67° 3,15+ 0,07 3,30+ 0,07 1,02 +0,28° 1,07 £0,30°
Acido fertlico 13,4 322 0,65+0,02°  0,89+0,27° 0,93 +0,0,29° 3,63 +0,98° 3,84 £1,04°
Acido Elagico 13,4 270 0,670,060  0,23+0,01° 0,24 +0,01° 0,27 +0,02° 0,28 +0,02°
Acido p-cumarico 11,1 305 1,89 + 0,232 0,75 +0,09° 0,78 +£0,09° ND ND
Acido Clorogénico 8,6 326 3,36 £ 0,44 ND ND ND ND
Acido sinépico 13,4 324 2,19+0,07° ND ND 11,98 + 2,802 12,68 + 2,962
Epicatequina 10,2 276 7,38 +£0,89° ND ND 17,57 + 2,932 18,60 + 3,11°
Procianidina A2 8,1 235 687,29 + 54,012 ND ND 236,68 + 20,68 250,53 + 21,89"
Procianidina B2 10,2 235 19,84 + 2,05° ND ND 27,04 +12,69° 28,62 + 13,43°
Catequina 8,3 276 957,51 + 77,69 ND ND 125,58 + 41,87 132,93 + 44,32°

441  'Os valores correspondem as medias + desvio padrdo. Letras mintsculas na mesma linha nao diferem entre si estatisticamente no teste de Tukey a 5% (p <0,05) ou

442  teste T de Student a 5% (p <0,05).
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Concluséao

Dentre as fragdes analisadas do fruto acai, todas possuem componentes em destaque. A fragdo
cascat+polpa e fonte de lipidios, de fibra soltvel e insolUvel, de minerais como potéssio, célcio e
magnésio, possuindo antocianinas e antioxidantes como procianidina A2 e catequina; a fracdo borra
in natura é fonte de fibra insoltvel, contendo carotenoides; a farinha da borra é fonte de carboidratos
e fibra insoltvel, possuindo carotenoides e boa solubilidade em leite e em éleo; a semente e sua
respectiva farinha é fonte de carboidratos, de fibra insoltvel, contendo &cido fitico e taninos
condensados, antocianinas e antioxidades como procianidina A2 e catequina.

Os antinutricionais de maior impacto foi o inibidor de tripsina, o qual foi encontrado em todas as
fracGes avaliadas e, quanto ao impacto tecnolégico, as farinhas da borra e/ou da semente possuem
solubilidade e absorvem agua, assim como solubilidade e absor¢do em 6leo e/ou em leite.

Portanto, o uso das fragdes descartadas da agroindustria do acai pode ser viavel do ponto de vista
nutricional e tecnoldgico, podendo ser usado na composicdo de alimentos, colaborando com a

desnutricdo mundial e reducgéo do lixo organico.
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Resumo

Da mesma familia do Acai, a Bacaba é consumida, apenas, pela populacao local da regido Amazonica
do Brasil, possuindo significativo potencial para insercdo em diversos alimentos. Nesta perspectiva,

0 presente trabalho objetivou caracterizar a casca+polpa, semente e suas respectivas farinhas, com
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intuito de oferecer, ao mercado agroindustrial, mais uma alternativa de consumo de fruto exético,
auxiliando na proposta de consumo integral dos alimentos. As fragOes casca+polpa, farinha da
casca+polpa, semente e farinha da semente foram analisadas quanto aos parametros quimicos, fisicos,
tecnoldgicos e compostos antinutricionais. Os resultados mostraram que a bacaba casca+polpa e suas
fracGes apresentam quantidades de fibras totais acima de 20g/100g, teores de lipidios consideraveis
e elevada concentracdo de magnésio e ferro. Houve a identificagdo, na casca+polpa, semente e sua
farinha, de compostos bioativos como epicatequina e procianidina A2; a farinha da fragéo
casca+polpa é fonte de proteinas, fibras, possuindo boa solubilidade em leite; a semente é fonte de
carboidrato e potéssio e a farinha da semente € fonte de proteina, fibras e com boa solubilidade em
agua. Tanto a semente quanto sua farinha contém acido fitico e inibidor de tripsina. Nota-se que a
bacaba e suas fracGes sdo passiveis de serem aplicados em produtos alimenticios, principalmente, em
forma de farinhas, agregando-lhes valor nutricional, além de contribuir com o aproveitamento integral

dos frutos.

Palavras chaves: frutos amazonicos; coprodutos; aproveitamento integral.

1 Introducéo

A regido amazoénica do Brasil possui grande diversidade de vegetacao, incluindo muitas frutas
indigenas, dentre elas a bacaba (Oenocarpus bacaba Mart.) (Figura 1). Esta € uma fruta brasileira
nativa, encontrada na regido amazénica do Brasil, cujos frutos sdo roxos, redondos, com cerca de 1,5
cm de diametro. Quando misturado com &gua, produz bebida oleaginosa e mucilaginosa, de cor
branco-amarelada, podendo ser consumido na forma de bebidas, sorvetes e geleias (Finco et al.,

2012).
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Figura 1: Polpa de bacaba in natura
Fonte: https://orlanoticias.com.br/surto-da-doenca-de-chagas-e-detectado-apos-moradores-consumirem-
bacaba-35-casos-sao-investigados/. Acessado 02 de margo de 2021.

No processamento geral de frutas, cascas e sementes sdo 0s principais coprodutos descartados,
possuindo quantidades consideraveis de compostos bioativos (Bataglion et al., 2015; Van der Goot
et al., 2016). Neste sentido, alternativas de valorizacdo que permitam a utilizacdo destes coprodutos,
como fontes de nutrientes, poderiam melhorar seu valor econémico, bem como o grau de valorizacao
das frutas exoticas, além de possibilitar o desenvolvimento de novos produtos alimenticios,
corroborando com os aspectos nutricionais e de seguranca alimentar, assim como a reducdo nos
impactos ambientais (EFFPA, 2018).

Apesar do conhecimento limitado sobre a bacaba, principalmente sobre as opc¢des de consumo,
o levantamento de informacdes é importante, pois pode indicar possiveis propriedades funcionais da
fruta e sua semente, gerando novas alternativas de uso com potencial a serem explorado na
alimentacdo humana. Segundo Carvalho et al (2016), a bacaba tem grande potencial como fornecedor
de acidos fendlicos e flavonoides para a dieta humana, com teores comparaveis ou superiores a outras
frutas da mesma familia, como o acai. Segundo Barros et al. (2017), o fruto possui atividade
antioxidante nos ensaios para ORAC (15.285,51 + 20,38 umol TE / 100 g) e FRAP (16.916,37 +
10,01 pmol TE / 100 g), e compostos fenolicos totais (1537,45 + 73,35 mg GAE / 100 g), sendo o
residuo (casca) mais promissor em relacdo a presenca de compostos bioativos e sua capacidade

antioxidante.
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Santos et al. (2021), ao estudarem alternativas de consumo para a fruta, desenvolveram a bacaba

em po, utilizando diferentes métodos de secagem. O estudo indicou que o método por liofilizacdo
pode ser particularmente Gtil para conservagdo dos biocompostos e obtengdo da fruta na entressafra,
e que a prépria bacaba, como matéria-prima, pode ser explorada por diversos segmentos industriais.
Portanto, o objetivo do trabalho foi caracterizar as fragdes cascas+polpa (CB) da bacaba, a
semente (SB) e suas respectivas farinhas (FCPB e FSB), a fim de oferecer possibilidade integral de
uso dessa fruta amazonica, tanto para a populagéo regional, como para a indutria de alimentos no

geral.

2 Matérias e Métodos

2.1 Material e Reagentes

Os frutos inteiros de Oenocarpus bacaba, foram adquiridos em feira livre em Itacajé-To, Brasil
e seguiram para anélise de morfologia como massa, didmetro transversal e comprimento. Parte da
casca+polpa in natura (CB), obtida por meio de despolpa manual, usando o processo de maceragéo
em agua por 30 mim e a semente in natura (SB) foram dividas em 3 lotes: o primeiro foi destinado a
andlise de sdlidos soluveis, pH, acidez e cor; o segundo, foi armazenado em temperatura de -18°C
para realizacdo das demais analises quimicas (nutricional e antinutricional); o terceiro lote foi seco
em estufa de circulacdo forcada de ar (TE 394/4,Tecnal, Piracicaba, Brasil), a 60°C, até atingir 15%
de umidade. Apos secos, a CB foi triturada em moinho de facas (willye START FT 50-Brasil) para
obtencéo da farinha da casca+polpa (FCPB), com granulometriade de 25,40mm. Ja as sementes foram
trituradas em moinho de facas e martelos (Nogueira OPM-JR-Brasil) e, posteriormente, foram
novamente trituradas em moinho de facas (willye START FT 50-Brasil) para obten¢éo da farinha da
semente (FSB), com de granulometria de 25,40mm. Apos este procedimento, a polpa+casca da
bacaba in natura (CB), farinha da casca+polpa (FCPB), semente in natura (SB) e farinha da semente

(FSB) foram armazenadas em sacos de polietileno de alta densidade e fechadas a vacuo, conforme
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figura 2. Os sacos foram revestidos por folhas de papel aluminio e armazenados em congelador a -
18°C, até o momento da realizacdo das diversas analises (fisicas, quimicas, nutricionais,

antinutricionais e tecnolégicas).

BACABA

Analises fisicas =

Casca + Polpa Semente
| |
| | | |
Casca + Polpa Farinha Casca e Polpa Semente in natura Farinha da Semente
(CB) (FCPB) (SB) (FSB)
Analises fisicas, Analises fisicas, Analises fisicas, Analises fisicas,
quimicas, quimicas, quimicas, quimicas,
antinutricionais e antinutricionais e antinutricionais e antinutricionais e
antioxidantes antioxidantes antioxidantes antioxidantes

Figura 2: Fluxograma de experimento realizado com as fracdes casca+polpa (CB), farinha da casca
+ polpa (FCPB), sementes (SB) e farinha da semente de bacaba (FSB), advindos do processamento

manual da bacaba.

2.2 Analises fisicas da Bacaba e suas fracdes
A massa do fruto inteiro foi analisada, utilizando balanca semi-analitica (Scientch /SA 210). O
rendimento foi calcudado pesando o fruto integral e, posteriormente, a casca+polpa e semente
separadamente. Para o estudo morfologico, referente ao didametro e comprimento, foi utilizado
paquimetro digital (\Vernier Caliper ive, 0-150 mm), com leituras em 30 frutos escolhidos ao acaso.
A atividade de agua foi feita em aparelho Aqualab, digital, modelo CX-2, fabricado pela
DECAGON, a (x 25°C). Os parametros instrumentais de cor foram determinados, utilizando

colorimetro (Color Quest, XE, Reston, EUA), de acordo com o sistema CIELab. Os resultados foram
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6
expressos em valores L*, a*, b*, sendo L* (claridade), variando do preto (0) ao branco (100), a*
variando do verde (-60) ao vermelho (+60) e b* variando do azul (-60) ao amarelo (+60). O Chroma
(C) foi calculado por meio da equagéo 1. Foram feitas 30 determinacfes, em cada uma das fragOes da

bacaba (CB, FCPB, SB e FSB).

Equagdo 1: C = Va? + b?

2.3 Andlises Quimicas da Bacaba e suas fragdes

As determinagdes analiticas foram realizadas nas fracfes de CB, FCPB, SB e FSB: o teor de
solidos soluveis foi determinado na diliicdo (1:9) em refratdmetro digital (AR200, Reichet Analytical
Instruments Depew, Nova lorque, Estados Unidos); a mesma dilui¢do, tambem, foi utilizada na leitura
do pH, o qual foi determinado em potenciémetro (TEC5, Tecnal, Piracicaba, S&o Paulo, Brasil),
previamente calibrado com solucgdes de pH 7,0 e 4,0. A acidez titulavel, expressa em g/100g de acido
citrico, foi realizada por titulometria, na dilui¢do 1:9, com solucédo de hidréxido de sddio (NaOH) 0,1
M; o teor de umidade e cinzas foram determinados por método gravimétrico, no qual as amostras
foram submetidas ao aquecimento em estufa a 105 °C e carbonizadas em placas elétricas, com
posterior incineracdo em mufla a 550 °C respectivamente (AOAC, 2016 numero 930,16 e 942,05):
proteinas pelo Método de microKjeldahl, de acordo com AOAC (2016, nimero 929,152), utilizando
o fator de conversdo de 6,25; lipideos totais por meio do método de Bligh-Dyer (1959); carboidratos
totais calculado por diferenca, segundo RDC n°360 (BRASIL, 2003); valor calérico calculado por
meio da utilizacdo dos coeficientes de Atwater (carboidrato = 4,0 Kcal/g; lipideos = 9,0 Kcal/g;
proteinas = 4,0 Kcal/g) (Merril & Watt. 1973).

O teor de fibras solGveis e insollveis foi determinada, em 3 repeticoes, por método
gravimétrico-enzimatico, utilizando enzimas a-amilase, protease e amiloglicosidade (AOAC, 2016
nimero 992,16). Os teores de agucares redutores, ndo redutores e totais foram determinados pelo

método do acido 3,5-dinitrossalicilico (ADNS), segundo metodologia proposta por Silva et al.,
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7
(2003), feitas em 10 repeticbes. Os minerais (célcio, magnésio, fosforo, cobre, ferro, manganés e
zinco e enxofre) foram determinados por Malavolta et al. (1997), utilizando espectrometria de chama,

todos em triplicata.

2.4 Fatores antinutricionais da Bacaba e suas fracoes

A presenca de &cido cianidrico foi avaliada, nas fracoes CB, FCPB, SB e FSB, utilizando o
teste Guignard, técnica qualitativa que consiste na confirmagdo da presen¢a ou ndo de cianetos. A
semente de ameixa foi utilizada como padrdo comparativo (Aradjo, 2011), a qual apresenta
glicosideos cianogénios precursores do &cido cianidrico. As andlises foram realizadas em 3
repeticoes.

Para determinacdo de acido fitico, taninos condensados e totais foram feitos 3 extratos,
conforme relatafo a seguir e, partir destes extratos, foram feitas 12 leituras nas fracdes CB, FCPB,
SB e FSB. O teor de inibidores de tripsina foi determinado, de acordo com Arcon (1979), com
extracdo apenas em pH neutro; os teores de acido fitico foi determinado pelo método descrito por
Latta e Eskin (1980), utilizando a resina DOEX- Cellulose (ion-exchangeresin), de acordo com Vilela
et al (1973). O conteudo de taninos condensados foi estimado, espectrofotometricamente, utilizando
metanol, pelo método adaptado por Barcia et al. (2012). O método proposto por Swain e Hills (1959)

foi utilizado para determinar o teor de taninos totais, utilizando &gua como agente extrator.

2.5 Anélises tecnoldgicas da farinha da casca+polpa (FCPB) e da semente (FSB) de Bacaba

Para determinacao do indice de absorcdo de dgua (1AA), solubilidade em agua (ISA), absor¢édo
de 6leo (IAQ) e para os indices de absorcdo e solubilidade em leite (IAL) e (ISL), foi utilizada
metodologia descrita por Okezie e Bello (1988) e a equacgédo descrita por Anderson et al. (1969).

Ambas as andlises foram realizadas em 10 repetices.
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2.6 Extracdo e anélise dos pigmentos

Para as andlises descritas a seguir, foram feitas 3 extracfes (como ???) e leituras em 4
repeticoes nas fracbes CB, FCPB, SB e FSB. A quantificacdo de clorofila foi mensurada pela
metodologia de Engel e Poggiani (1991. O método adaptado de Barcia et al. (2012) foi utilizado para
determinar o teor total de antocianinas. Os carotenoides foram extraidos, conforme descrito por
Serino et al. (2009) e identificados e quantificados por Cromatografia liquida de alta eficiéncia CLAE,
em cromatografo (Shimadzu, série LC-20AT, Tokyo, Japan), equipado com sistema de bombas
isocréaticas (LC-20AT), injetor automatico (SIL 20A), sistema de deteccdo de UV-VIS (SPD-20A), e
forno para coluna (CTO 6A). Uma coluna C18 (LiChroCART 250-4 LiChrospher® 100 RP-18
endcapped 100x4,6mm- 5 um - Merck) foi utilizada, e o volume de injegdo de extrato foi de 20 pL.
A fase movel foi composta por acetonitrila: dgua: acetato de etila (53:7:40, v/v/v), em fluxo de 1
mL/min. Durante a analise, a temperatura foi mantida em 30°C. Espectros de absorbancia foram
adquiridos por varredura (200-600 nm), com monitoramento em quatro comprimentos de onda: 474
nm para licopeno, 454 nm for -caroteno, 286 nm para fitoeno, e 448 nm para luteina. A identificagéo
deu-se por meio da comparacdo com o tempo de retencdo dos padrdes e sua quantificacdo foi feita

por meio da utilizagdo de curvas com cinco diferentes concentragdes dos padroes.

2.7 a-Tocoferol

A cromatografia liquida de alta eficiéncia (CLAE) foi utilizada para a determinacdo da
vitamina E (a-, B-, y-, 6-tocoferol) na bacaba (casca+polpa), FCPB e seus coprodutos (SB e FSB),
conforme descrito por Presoto, Rios e Almeida-Muradian (2000) e Melo e Almeida-Muradian (2010).
Para as extracoes, foram utilizados, aproximadamente, 5 g de amostra, e feitos 3 extratos. Foi
utilizado detector de fluorescéncia (RF-10AXL), ajustado para excitacdo de 295 nm e emissdo de 330

nm. Coluna de silica Shim-pack CLC-Sil (M) (25 x 4,6 mm de tamanho de particula 5 pm) com fase
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9
movel pré-filtrada e desgaseificada foi usada, consistindo em hexano e alcool isopropilico (99: 1) e
1,5 fluxo de mL / min. Os tocoferéis foram identificados pela comparacdo do tempo de retencdo dos
padr@es sintéticos, e a quantificacdo foi realizada por curva de padronizacéo externa, usando, pelo
menos, cinco niveis de concentracdo para cada padrdo. Para calcular a vitamina E nas amostras, foi
utilizado a equacdo descrita por Holland et al. (1991), que € baseado na atividade bioldgica da

vitamina E.

2.8 Antioxidantes da Bacaba (casca+polpa - CB) e suas fragoes (FCPB, SB, FSB)

2.8.1 Preparacéo dos extratos

Os compostos bioativos, de cada amostra, foram extraidos de acordo com protocolo descrito
por De Souza et al. (2018), utilizando propor¢do de 1:30 (amostra; solugéo) e solucdo (60:40, v/v)
metanol: dgua, em banho ultrassénico (USC2800A, Logen scientific, Sdo Paulo, Brasil; frequéncia
40Khz; dimenséo interna: 293x235x150mm) por 11 mim. Os extratos centrifugados (3000g 15 min
a 4 °C) em centrifuga (5403, Eppendorf AG, S&o Paulo, Brasil) e filtrados em filtro de placa
sintetizada (G4) e mantidos a —18 °C em fracos ambar, at¢ 0 momento das analises

espectrofotométrica e cromatografica. As extracdes foram realizadas em 3 repeticoes na CB, FCPB,

SB e FSB.

2.8.2 Identificacdo e Quantificacio dos Flavonoides e Acidos Fenélicos

A separacao, identificacdo e quantificacdo dos flavanoides e acidos fendlicos foram realizadas
por CLAE-DAD-MS, utilizando coluna de fase reversa Luna C18 (2) HST (100 x 3,0 mm, 2,5 um;
Phenomenex, Torrance, CA, EUA), cujos extratos foram filtrados em filtros de nylon 0,22um
(Millipore) para vials e volume injetado foi de 5uL. A fase mdvel foi constituida de &gua com acido
formico a 0,1% (A) e acetonitrila (B). As separacdes cromatograficas foram realizadas em condicoes

gradientes, usando o solvente A (agua com &cido formico a 0,1%) e o solvente B (100% acetonitrila)
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a vazéo de 0,5 mL/min. Um programa de gradiente de 22 minutos foi utilizado no estudo, comegando
com acido formico a 0,1% e acetonitrila (95: 5, v/v), seguido de aumento de até 8% de acetonitrila
em 5,0 min, e aumento para 15% em 8 minutos, mantendo-se nessa propor¢ao por 2 minutos e, em
seguida, aumentando para 20% de acetonitrila em 12 minutos; a propor¢do de acetonitrila foi
novamente aumentada para 35% em 15 minutos e mantendo em 3 minutos; finalmente, foi diminuida
a proporgéo de acetonitrila para 5% e mantendo-se em 2 min. As amostras foram injetadas em
triplicata e os flavonoides e acido fenolico foram identificados de acordo com o tempo de retencéo e

quantificados por meio de uma curva de padrdes comerciais (Sigma Aldrich, St. Louis, EUA).

2.8.3 Atividade antioxidante

A atividade antioxidante foi determinada usando os ensaios DPPH e ABTS. A capacidade de
eliminagdo de radicais livres (DPPH) foi determinada de acordo com método descrito por Rufino et
al. (2010) e para o0 ensaio da capacidade de reducdo do radical (ABTS), foi utilizado o método de

Rufino et al. (2007), ambos métodos nas fracbes CB, FCPB, SB e FSB

2.9 Andlises Estatistica

O experimento foi conduzido em delineamento inteiramente casualizado (DIC). Para as
andlises fisicas, as medias foram apresentadas com seus respectivos desvios padrdo. Para a
comparacdo entre as fraces (CB e FCPB / SB e FSB), as medias das analises foram submetidos a
analise de variancia. Quando significativos, foi aplicado teste t (Student), utilizando nivel de

confianga de 95%. Foi utilizado, para auxilio, o programa SISVAR (Ferreira, 2014).

3 Resultados e Discussao

Os dados apresentandos na tabela 1, mostram as caracteristicas morfologicas do fruto bacaba,

coletados na Amazonia Brasileira. As dimensdes transversais/horizontais foram de 16,97 e 21,65mm
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11
respectivamente e massa de 3,73 g, sendo superior ao encontrado por Seixas et al., (2016), no qual o
mesmo fruto apresentou pardmetros transversais/horizontais médio de 18,00 e 19,00mm e massa de
2,20g. Na maioria das espécies, essas variaghes sdo decorrentes do fato de que sdo oriundos de
diferentes plantas-maes, além de condi¢des edofoclimaticas também diferentes (Villachica et al.,
1996).

Estes dados de biometria dos frutos fornecem informacdes para a conservacao e exploracdo dos
recursos de valor econémico, permitindo incremento continuo da busca racional e uso eficaz dos
frutos, além de verificar a possibilidade de uso nos mais diversos tipos de processamento (Lima,
1985). Vale ressaltar que a massa da semente de bacaba (1,26 g), foi maior que da casca+polpa
(2,38g). Observa-se, ainda, que a semente concentra 63,41% do fruto, sendo que a valorizagdo desse
coproduto poderia reduzir os problemas ambientais, e servir como potencial fonte de compostos
bioativos (Satari e Karimi, 2018).

Tabela 1. Caracteristicas morfoldgicas da bacaba da safra 2018/2019, coletadas no estado do
Tocantins, Brasil.

Pardmetros Bacaba
Massa (g) 3,73+0,45
Diametro (mm) 16,97 +1,24
Comprimento (mm) 21,65 +1,33
Casca/polpa (g) 1,26 + 0,37
Semente (g) 2,38+ 0,36

Rendimento (g)

Casca/Polpa (%) 34,36 + 8,84
Semente (%) 63,41 + 3,68

10s valores correspondem as medias + desvio padréo de 30 repeticdes, escolhidas de um lote ao acaso.

A avaliacdo da composicdo proximal das frac6es de bacaba pode ser observada na tabela 2. Os
valores de umidade para a CB (42,85 %), aliados a baixa acidez (4,96 g/100g) e atividade de agua
(0,988), indicam que a bacaba tem maior propenséo ao desenvolvimento de bolores e leveduras, alem

de ser desafio para armazenamento e transporte, logo, a secagem € um método indicado para esta
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fracdo, a fim de conservar e reter compostos nutricionais (Wojdylo et al., 2014), fato observado
quando comparado ao teor de umidade encontrado na fracdo FCPB (1,64%). Com relacdo a SB e
FSB, a redugéo na umidade (38,84% para 7,83%) e atividade de agua (0,938 e 0,546), da fracdo in
natura para a farinha, também, sugere a necessidade de secar e armazenar a semente em forma de
farinha, pois terd maior estabilidade quimica e microbiolédgica (Canuto et al., 2010). Vale ressaltar
que os valores de umidade das farinhas (FCPB e FSB) estdo de acordo com legislagéo brasileira
vigente, pois sdo inferiores a 15% (BRASIL, 2005), logo, a secagem dos residuos/coprodutos a 60°C,
além de ter sido eficaz na reducdo da umidade pode trazer estabilidade e aumentar a conservagao
desse material.

A quantidade de cinzas representa o total de minerais presentes nos alimentos e é, também,
considerando como medida geral de qualidade, sendo frequentemente utilizado como critério na
identificacdo dos alimentos (Mesquita et al., 2014). Com relacéo a esse parametro, a fracdo FCPB
apresentou 1,83 ¢/100g e a fragdo CB 1,70 g/100g de cinzas. Como ja era esperado, a secagem
concentrou os teores de cinzas nas farinhas da semente de bacaba. Domingues et al. (2014), em seu
estudo, encontraram valores de 2,20 g/100g de cinzas na polpa do Bacabi (Oenocarpus mapora H.
Karsten), fruto pertencente ao mesmo género, porém de espécie diferente. Quanto a SB (1,46 g/100g)
e FSB (1,98 g/100g), ambos apresentaram diferencas significativas (p<0,05), porém, a fracdo farinha
da semente de bacaba possui teor de cinza superior ao encontrado por Ribeiro et al. (2017) em
sementes de bacaba in natura (1,65 g/100g).

O teor de proteina, encontrado na fracdo CB (5,74g9/100g), foi superior ao encontrado na FCPB
(5,13 ¢/100g), porém inferior ao encontrado no fruto Bacabi (Oenocarpus mapora H. Karsten) (6,64
g/100g) por Domingues et al. (2014). Quanto aos valores encontrados nas fragoes SB e FSA, ambos
nédo apresentaram diferenca significativa (p<0,05), sendo superiores a 5,0 g/100g, que corresponde a
10,41% de proteina da quantidade requerida, por dia, em pessoa adulta, segunda Ervin (2004), no

qual estipulou 0,8 g/ Kg/dia, considerando um adulto de 60 Kg. Logo, a insercdo, tanto da



13
959  casca+polpa, semente ou suas respectivas farinhas, na alimentagdo humana, é promissora e chama a

960 atencdo para verificar, em proximos estudos, a qualidade proteica existentes nessas fracdes da bacaba.
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961 Tabela 2. Composi¢do proximal (g/100g), quimica, fisica, minerais (mg/100g) e propriedades tecnoldgicas das fracGes casca+polpa in natura de bacaba
962 (CB), farinha da casca+polpa de bacaba (FCPB), semente in natura (SB) e farinha da semente de bacaba (FSB), em base seca, safra 2018/2019, coletadas

963  no estado do Tocantins, Brasil.

Parametros CB FCPB SB FSB

Umidade (%) 42,85 + 0,36° 1,64 +0,11° 38,84 +0,22” 7,83 +0,238
Cinzas 1,70 £ 0,11° 1,83+ 0,162 1,46 + 0,118 1,98 +0,20*
Proteinas 5,74 + 0,382 5,13 +£0,20° 5,14 + 0,36" 5,41 +0,10*
Lipidios 31,83 + 1,34° 29,11 + 0,09° 1,41 +0,278 2,77 £ 0,477
Carboidratos Totais 60,73 £ 1,572 63,93 + 0,28° 91,99 + 0,424 89,84 +0,53°

Valor caldrico Total (Kcal.100g-1) 552,28 + 6,372 538,23 + 0,61° 401,15 + 1,438 405,90 + 2,604
Fibra Insolavel 21,26 +0,31° 37,18 + 2,20? 39,03+ 1,318 63,75+ 2,87
Fibra Soluvel 1,09 + 0,24° 1,34 £ 0,292 0,91 + 0,348 1,49 + 0,55%
Fibra alimentar total 22,35 + 1,55° 38,52 + 2,59? 39,94 + 1,658 65,23 + 2,69
Acucares Redutores 0,56 +0,01° 0,98 £ 0,022 1,46 + 0,114 1,58 + 0,124
Acucares ndo redutores 0,02 + 0,012 0,02 +0,01° 2,14 + 0,234 2,32 +0,324
Acucares totais 0,58 £0,01° 1,00 + 0,022 3,60 + 0,224 3,90 + 0,248
pH 4,94 +0,01° 5,35 +0,00? 5,27 +0,00* 5,24 + 0,108
ATT2 (g.100g) 5,40 + 0,99 0,70 + 0,03 0,61 + 0,024 0,71 + 0,047
SS® (°Brix) 6,30+0,87° 2,7+0,38° 5,80 + 0,46 5,31+ 0,438

Aw 0,988 + 0,0022 0,326 + 0,017° 0,938 + 0,00" 0,546 + 0,015°

L* 40,42 + 2,472 26,53 + 0,33 53,20 + 0,75 53,06 + 0,23*
a* 593+1,162 3,49+0,17° 6,81 + 0,16 6,67 + 0,14
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b* 11,23 + 2,482 2,24 +0,26° 16,00 + 0,22 12,46 +0,208
Croma 12,85 + 2,682 4,12 +0,29° 17,44 + 0,25 14,13 + 0,238
Potassio 47,72 + 4,38° 50,45 + 4,632 380,00 + 50,338 412,28 + 54,66"
Fosforo 33,40 + 0,002 35,32 + 0,002 111,00 + 0,588 120,43 + 0,63
Célcio 136,34 + 11,81° 144,14 + 12,582 ND ND
Magnésio 102,26 + 3,94P 108,11 + 4,167 ND ND
Ferro 6,09 + 0,39P 6,44 + 0,422 7,26 + 0,058 8,52 + 0,05~
Cobre 0,83 + 0,002 0,88 + 0,00° 0,92 + 0,078 1,08 + 0,08
Manganés 3,35 +0,05° 3,54 +£0,012 1,39 + 0,188 1,63 £ 0,224
Zinco 0,98 + 0,00° 1,03 £ 0,00° 0,86 + 0,038 1,01 + 0,03
Enxofre ND ND ND ND
ISAZ (%) - 6,88 +1,31° - 10,51 + 0,95
IAAS (g. gel/g) - 3,76 + 0,242 - 3,38+0,11°
CAO* (%) - 2,64 + 0,242 - 202 +0,05P
ISLS (%) - 33,96 + 5,112 - 290+ 0,97°
IAL® (g. gel/g) - 1,59 + 0,642 - 1,30 + 0,367

964  'Os valores correspondem as medias * desvio padrdo. *Letras minGsculas e mailsculas na mesma linha ndo diferem entre si estatisticamente no teste de T a 5% (p

965  <0,05).2 Acidez titulavel expressa em &cido citrico. 2indice de solubilidade em agua. 3indice de absorcdo em agua. *Capacidade de absorcdo de dleo. ° indice de

966  solubilidade em leite. Indice de Absorcéo em leite. (-) ndo realizado. ND (ndo detectado).
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A fragdo CB apresentou elevado teor de lipidios (31,83 g/100g), assim como a fracdo FCPB
(29,11 g/100g), ambos teores superiores ao encontrado por Seixas et al. (2016), na casca e polpa da
bacaba (21,02 g/100g), oriunda de Pimenta Bueno — Rondonia, Brasil. Com relacdo a SB (1,41
9/100g) e FSA (2,779/100g), os teores de lipidios foram menores que na polpa+casca e sua respectiva
farinha, o que nos leva a ter maior atengdo, nestas ultimas fracdes (CB e FCPB), quanto ao
armazenamento, pois quanto maior o teor de lipidio, maior a possibilidade de rancidez e reducéo na
conservacédo do produto final.

A fragdo CB (60,73 g/100g) apresentou 0 menor teor de carboidratos totais, porém teve o valor
calorico superior (552,28 Kcal/100g), quando comparado a fragdo FCPB (538,23 Kcal/100g), devido
ao teor de lipidio maior nesta fracdo. Com relacdo a esses mesmos teores, nas fracoes SB (91,99
g/100g e 401,15 Kcal/100g) e FSB (89,84 g/100g e 405,90 Kcal/100g), os valores foram mais
préximos, apesar de estatisticamente diferentes (P<0,05). Percebe-se que a semente e sua farinha, sdo
ricas em carboidratos, sendo fator atraente na incorporacdo de alimentos infantis, pois confere
significativa energia.

As fibras apresentam efeitos benéficos a salde humana, devido ao aumento da saciedade e do
volume e peso da matéria fecal. Também reduz o risco e a ocorréncia de obesidade, hiperglicemia,
hipercolesterolemia, constipacdo, doenca cardiaca coronariana, hemorrdidas e céancer de célon
(Dhingra, Michael, Rajput, & Patil, 2012). A ingestdo diaria, recomendada pelo Institute of Medice
é de 25 a 38g/dia para homens e mulheres, entre 19 e 50 anos. Diante desses dados, a ingestao de 98
g da fracdo FCPB e 58g da fracdo FSB, provem 100% da recomendacdo de fibras alimentares por
dia. Nota-se, ainda, que com essa concentracdo de fibras alimentares disponivel, a FSB pode ser
incorporada em produtos alimenticios, como agentes de volume ndo caléricos e baratos, como
substituto parcial de farinha de trigo, gordura ou agucar, ou como potenciadores da retencdo de agua
e Oleo e para aumentar a emulséo ou a estabilidade oxidativa (Elleuch et al., 2010).

A quantidade de agucares totais, encontrados na CB (0,58 g/100g) foi menor ao encontrado na

FCPB (1,00 g/100g), sendo condizente ao encontrado por Santos Filho et al. (2020), em polpas de
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bacaba (Oenocarpus Bacaba Mart.) (0,68 g/100g). Nas fragdes SB (3,60 g/100g) e FSB (3,90
g/100g), os teores foram iguais (p<0,05), mostrando que a quantidade de agucares totais, quer seja
redutores ou n&o redutores, em todas as fragdes da bacaba, séo baixas, impossibilitando seu uso para
produtos fermentados por exemplo, os quais requeririam uma quantidade significativa de agucares
fermenteciveis. Os teores de sélidos soltveis confirmam essa inferéncia, pois os teores encontrados,
nas diferentes fracGes, foram inferiores a 6 ° Brix.

O pH encontrado na fracdo CB (4,94) e FCPB (5,25) foram semelhantes aqueles encontrados
por Canuto et al. (2010) em polpa de bacaba (5,3). Com relagéo as fracbes SB (5,27) e FSB (5,24),
ambas foram semelhantes ao pH das sementes de bacaba in natura (5,12), pesquisadas por Ribeiro et
al. (2017). Todas as fracBes da bacaba, aqui pesquisadas, tiveram seus pHs préximo a 5 e, segundo
Franco e Landgraf (2008), alimentos com pH acima de 4,5 sdo considerados de baixa acidez ou
levemente &cidos.

A acidez titulavel na fracdo CB (5,40 g acido citrico /100g) e FCPB (0,70 g acido citrico /1009)
foram inferiores aos encontrado por Ribeiro et al. (2017) na polpa de bacaba (1,48 g acido citrico
/100g) (Oenocarpus distichus). J& para a fracdo semente e sua farinha, a acidez titulavel ndo se
diferenciou (p<0,05), obtendo média de 0,66 g acido citrico/100g, valor este muito menor ao
encontrado por Ribeiro et al. (2017), em sementes de bacaba in natura (3,26 g/100g acido citrico).
Percebe-se que, dentre as fracBes estudadas da bacaba, a casca+polpa é a Gnica que tem quantidade
de acido citrico, chamando atencéo para uma barreira de conservagdo além da simples secagem.

Com relacdo as caracteristicas fisicas, o processo de secagem da casca+polpa afetou todos 0s
parametros de cor na fracdo FSCB; ja nas sementes, a alteracdo ficou a cargo dos parametros *b e
Chroma, resultados satisfatérios quando se pensa na secagem com pouca alteracdo nas cores das
farinhas em relag@o a matéria prima. Ribeiro et al. (2017) encontraram parametros de cor para a polpa
de bacaba de 10,12 para L*, 3,59 para a*, 1,75 para b* e 4,08 para o Chroma; ja para a semente, 0S

valores foram: 7,74 para L*, 4,35 para a*, 8,57 para b* e 9,04 para o Chroma.
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Com relag&o ao perfil de minerais, as necessidades médias diarias, para adultos de 19 a 70 anos
(homens e mulheres), segundo o Institute of Medicine (2006) sdo as seguintes: manganés, 1,8 a 2,3
mg/dia; cobre 0,9 mg/dia; ferro 14 mg/dia; magnésio 260 mg/dia; fosforo 700 mg/dia; célcio 1000
mg/dia e potéassio 4700 mg/dia. Os resultados para o perfil de minerais corroboram com a analise de
cinzas, mostrando maior quantidade destes nas fracdes FCPB e FSB. Sendo assim, consumindo 100g
de FCPB tem-se a necessidade diaria suprida em 1,01 % para o potéssio; 13,65% para célcio e 39,33%
para magnésio, j& para a fracdo FSB, ao ingerir 100g séo supridas 17,14% para o fosforo e 60,85 %
para o ferro. O magnésio é considerado nutriente essencial para a estrutura do esqueleto e musculos
(Offor et al., 2014); o fésforo, desempenha papel essencial na manutencéo e crescimento dos tecidos
corporais (Arnarson, 2015), bem como o célcio, que € essencial e necessario para musculos fortes,
crescimento ideal e bom esqueleto. A deficiéncia do ferro € a mais comum das deficiéncias
nutricionais do mundo, ressaltando-se que metade das pessoas afetadas apresenta-se anémicas, a
manifestacdo mais severa, além de relatada em varias mulheres gravidas e/ou idosas, resultando na
dissolugdo dos ossos (Black, 2003; Beto 2015 ). Logo, a insercdo das farinhas FCPB e FSB, além de
ricas em fibras alimentares, também s&o potenciais fontes de magnésio e ferro.

A solubilidade de uma farinha relaciona-se a quantidade de sélidos solUveis na amostra
(Ferreira et al., 2015). Diante disso, verificou-se que o ISA da fracdo FCPB foi 6,88%, menor ao
encontrado paraa FSB (10,51 %), ou seja, a farinha da fragdo casca+polpa pode ser usada, com maior
facilidade, em produtos alimenticios mais aquosos. A farinha de trigo branca e a farinha de linhaga,
para efeito de comparacao, possui ISA de 1,15%, segundo dados de Santana et al. (2017), logo, tanto
a fracdo FCPB como FSB sdo 6timas possibilidade de substituicdo da farinha de trigo branca em
produtos panificaveis no quesito absor¢do de agua.

O IAA, que indica a massa de agua absorvida por unidade de massa da farinha (Sogi et al.,
2013), esta relacionado a disponibilidade de grupos hidrofilicos em se ligar as moléculas de dgua e a
capacidade de formacéo de gel das moléculas de amido (Filli: Nkama, 2007). A absorcdo de agua é

desejavel para a utilizacdo em produtos em que se requer boa viscosidade, como sopas, molhos e
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produtos instantaneos (Torres et al., 1999) e naqueles que necessitam hidratacdo e de retengdo da
umidade em sua estrutura, como os produtos carneos e de panificagdo, podendo, ainda, melhorar o
rendimento e modificar a textura (Wang et al., 2006). Os valores encontrados, neste trabalho, para
IAA, foram maiores na fragdo FCPB (3,76 g.gel/g), o que pode estar ligado a grupos hidrofilicos
presentes nessas farinhas, conferindo-lhe maior capacidade em absorver agua (ISA). Segundo
Trombini et al. (2013), analisando misturas de fécula e bagaco de mandioca e farelo de soja, relataram
variagdes de 1AA de 2,35-2,92 g.gel/g e Santana el al. (2017) encontraram para farinha de linhaca
IAA de 14,0 g.gel/g, ou seja, as farinhas, tanto das fragdes casca+polpa ou sementes de bacaba podem
ser tranquilamente incorporadas em diversos produtos alimenticios com intuito de absorver e reter
agua.

A absorcdo de 6leo esté relacionada aos grupos hidrofébicos dos produtos e a capacidade de
aprisionar 6leo em sua estrutura (Ravi; Suselamma, 2005). A quantidade de 6leo, absorvida por grama
de amostra, € caracteristica importante nas formulac@es de alimentos, pois melhora a saciedade, o
sabor e a sensacdo na boca dos alimentos (Odoemelam, 2005; Omosulis et al., 2011). O indice de
absorcao de 6leo (CAO) foi maior na FCPB (2,64 %), quando comparado a FSB (2,02 %), semelhante
ao encontrado em farinha de linhaca (2,39 g.gel/g), estudada por Santana et al. (2017).

O melhor valor para ISL foi encontrado, também, na fracdo FCPB (33,69 %), sendo este fator
tecnoldgico importante para a aplicacdo desta farinha em cereais matinais ou a base de leite, como
refeicdes instantdneas para criancas, sobremesas e bebidas lacteas, cremes, queijos e doces (Becker
et al. 2014).

Portanto, a fragdo FCPB foi melhor na solubilidade em leite e a fragdo FSB em solubilidade em
agua; em relacdo a solubilidade em 6leo, a diferenca foi muito sutil. Quando avalia-se as propriedades
tecnoldgicas, somadas com a composicdo proximal e perfil de minerais, 0 uso dos coprodutos,
orundos do processamento do fruto bacaba € promisor e viavel.

N&o foram encontrados compostos cianogénios nas CB, FCPB, SB e FSB (tabela 3). Com

relacdo ao acido fitico, estes estdo presentes somente nas sementes e suas farinhas (115,92 mg &cido
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fitico/100g e 125,80 mg &cido fitico/100g respectivamente). Tal presenca pode ser reduzida, como
proposto por Vadivel e Biesalski (2012), que verificaram que, quando aplicados métodos como a
imersdo em solucdo alcalina de NaHCO3 (0,2%) e processo de cocgdo, ocorre perda de 30-41% de
acido fitico em sementes. Fato ser explicado devido a lixiviacdo deste composto para 0 meio de
imersdo alcalino ou formag&o de complexos insoluveis entre o cido fitico e outros nutrientes, como
complexos fitato-proteina e fitato-proteina-mineral sob ambiente de imersdo alcalino ou
processamento hidrotérmico (Vadivel e Biesalski, 2012). Contudo, estudos mostram o fitato como
componente benefico, conforme relatos de Kim et al. (2010), no controle glicémico, atividade

antineoplésica e a¢do antioxidante.
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1079  Tabela 3. Compostos antinutricionais, pigmentos e atividade antioxidante da casca+polpa in natura de bacaba (CB), farinha da casca+polpa de bacaba

1080 (FCPB), semente in natura (SB) e farinha da semente de bacaba (FSB), em base seca, safra 2018/2019, coletadas no estado do Tocantins, Brasil.

Parametros CB FCPB SB FSB
Acidos cianogénios Ausente Ausente Ausente Ausente
Acido Fitico (mg acido fitico/100g) ND ND 115,92 + 18,06" 125,80 + 19,734
Inibidor de Tripsina (UT1/100mg) 0,51+0,122 0,52 +0,12% 1,01 + 0,48~ 1,09 + 0,494
Taninos Condensados (mg catequina/100mg) ND ND 15,08 + 3,90* 15,09 + 3,93
Taninos Totais (mg acido tanico/100g) 0,46 + 0,072 0,47 + 0,082 1,31 + 0,088 1,42 +0,10*
Antocianinas (cianidina 3-glicosidio/ 100g) 3,27 £ 0,772 3,33+0,78° 4,78 +1,058 5,19 + 1,144
Carotenoides (mg B-caroteno/mg) 11,60 + 0,372 11,90 + 0,382 ND ND
DPPH (ICso mg/L) 18,68 + 0,852 2,89 +0,33% 0,26 + 0,124 0,20 +£ 0,124
ABTS (M) Trolox/mg) 010,04 £53,33°  939,82+£51,36" | 4494,47+79,94%  5307,87 £ 75,78

1081  !Os valores correspondem as medias + desvio padréo de dez repeti¢des. UIT (unidade inibidora de tripsina). *Letras minGsculas e mailsculas na mesma linha néo
1082  diferem entre si estatisticamente no teste de Tukey a 5% (p <0,05) ou no teste de T a 5% (p <0,05). ND (ndo detectado).
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Com relagdo aos inibidores de tripsina, esses foram encontrados nas diversas fracoes da bacaba
em quantidades muito pequenas, quando comparados com as farinhas tradicionalmente
comercializadas de soja (33,63UIT/mg) e de grdo de bico (23,05 UIT/mg), segundo dados reportados
por Aviles-Gaxiola et al (2018). Os teores encontrados na bacaba, ap6s secagem, corroboram com
trabalhos de Del-Vechio et al., (2007) ao avaliarem sementes cruas de aborbora cucurbita spp. (0,88
UTI/mg a 6,24 UTI/mg) e submetidas ao processo de coccdo por 10 minutos. Ao final, verificaram
reducdo nesse antinutricional (0,19 UTI/mg a 1,39 UTI/mg) com a plicagdo de calor. De fato, é sabido
que os inibidores de tripsinas possuem base proteica, logo, o calor desnatura tal componente, inibindo
sua acdo no corpo humano. Vale ressaltar que a aplicagdo de calor (60 °C, até atingir 15% de umidade)
na FSB né&o foi insuficiente para inativar tal composto, sugerindo uma temperatura mais alta para a
producéo de farinha de semente de bacaba.

N&o foram encontrados taninos condensados nas fraces CB e FCPB, porém os totais estdo
presentes em todas as partes do fruto bacaba, confome tabela 3. Com relagéo aos condensados, foram
encontados teores de 15,08 e 15,09 mg Catequina/100g nas fracbes SB e FSB respectivamente. N&o
hé relatos, na literatura, quanto ao limite de taninos condensados em semente in natura ou farinha de
bacaba, porém, estes valores estdo abaixo do encontrado em frutos comuns como as espécies de
cajueiros nativos do Cerrado Brasileiro, a saber, de 134 mg de CAE/100g para polpa de A. nanum e
112 mg de CAE/100g para polpa A. othonianum (Rocha et al.,2011). Os taninos totais, assim como
os fitatos, tem mostrado efeito benéfico a saude, como relatado em trabalhos de Anunciacéo et al.
(2019), Gibson et al. (2017) e Courtney et al. (2015). Logo, o consumo das fra¢6es do fruto bacaba
n&o pode ser considerado prejudicial.

Com relagéo aos pigmentos, o0s teores de carotenoides foram encontrados, apenas, nas fragdes
CB e FCPB, néo sendo percebida diferenga significatica (p<0,05) entre eles, cuja média foi de 11,75
mg B-caroteno/mg. Tais resultados foram semelhantes aos encontrados por Barros et al. (2017), em
seu estudo sobre residuos de frutos exaticos, incluindo casca, polpa e semente de bacaba, com teor

médio de 15,47 mg B-caroteno/mg. Frutos com coloracdo semelhante a bacaba sdo amora-preta
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(Rubus spp.) com 8,65mg/100g de carotendides (Ferreira et al., 2010) e jabuticaba com 71,8mg/100g
de carotenoides (Lemos et al., 2019).

A atividade antioxidade mostrou ser mais efeitiva nas fracdes semente (SB) e sua farinha (FSB)
em ambas as metodologias aplicadas. Quando comparado ao acai in natura (15,1 UM Trolox/mg)
(Maria do Socorro et al.,2010), fruto da mesma familia que a bacaba, observa-se teor bem maior deste
ualtimo na fragcdo CB (910,04 uM Trolox/mg). As farinhas, também, obtiveram teores considerados
de atividade antioxidante, mostrando que a aplicacgéo do calor, para sua obtencéo, foi eficaz e ampliou
a funcdo antioxidante. Do ponto de vista de conservagdo de farinhas, a existéncia destas substancias
pode ampliar a vida atil do produto final. Os antioxidantes naturais sdo usados para prevenir a auto-
oxidacdo e oxidacdo dos alimentos, estabilizar os lipidios e outros compostos alimentares, além de
retardar reacOes de oxidacao (Carocho, Morales & Ferreira, 2018).

Dentre as substancias antioxidantes, verifica-se a presenca de &cidos fendlicos e flavondides

(Tabela 4).
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1123 Tabela 4. Acidos Fendlicos e Flavonoides quantificados (mg/100 g de amostra) por HPLC-DAD, em base seca, na casca+polpa in natura de bacaba
1124  (CB), farinha da casca+polpa de bacaba (FCPB), semente in natura (SB) e farinha da semente de bacaba (FSB), safra 2018/2019, coletadas no

1125  estado do Tocantins, Brasil.

Tr (Mim) A (nm) CB FCPB SB FSB
Acido Galico 2,3 271 0,33 +0,11° 0,21 +0,122 ND ND
Acido protocatecuico 4.4 259 5,18 +0,26° 9,99 +0,70? 4,56 + 0,527 4,95+ 0,57A
Acido p-hidroxibenzoico 7.1 254 0,97 £0,01° 2,94 + 0,172 3,76 + 0,424 4,07 +0,46"
Acido Vanilico 9,1 259 1,58 + 0,20° 1,57 £0,11° 0,75 + 0,05* 0,81 +0,05*
Acido ferdlico 13,4 322 2,57 +0,38° 1,10 +0,03° ND ND
Acido sinapico 13,4 324 8,00 + 0,68 ND ND ND
Epicatequina 10,2 276 8,04 + 0,362 6,16 + 0,53 32,64+ 2,59" 35,41 + 2,814
Procianidina A2 8,1 235 13,32 +0,98 ND 45,75 £ 12,53% 49,64 + 13,60"
Rutina 13,9 354 1,53 +0,26 ND ND ND
Catequina 8,3 276 4,72 +0,58 ND 14,26 + 2,514 15,47 + 2,724

1126 'Os valores correspondem as medias + desvio padrdo de dez repeticOes. *Letras mindsculas e letras maiusculas na mesma linha ndo diferem entre si

1127  estatisticamente no teste de Tukey a 5% (p <0,05) ou no teste de T a 5% (p <0,05). ND (ndo detectado).
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O perfil de acidos fendlicos e flavonoides detectaram a presenga de 10 compostos na
Bacaba, semelhante ao trabalho realizado por Finco et al. (2012), também no fruto bacaba, os
quais identificaram 14 compostos.

Dentre 0s compostos, destacaram-se a presenga dos &cidos protocatecnico (5,18
mg/100g), acido sinéptico (8,0 mg/100g), epicatequina (8,04 mg/100g) e procianidina A2
(13,32 mg/100g) na fracdo cascatpolpa (CB). Com relagdo a semente e sua farinha, 0s
destaques foram para epicatequina (32,64 mg/100g e 35,4 mg/100g respectivamente),
procianidina A2 (45,75 mg/100g e 49,64 mg/100g respectivamente) e catequina (14,26
mg/100g e 15,47 mg/100g respectivamente). Esses resultados corroboram com os de atividade
antioxidante, os quais mostraram mais acdo nas fragdes semente e sua farinha.

Zanwar et al. (2014) relatam que a capacidade antioxidante das catequinas e
epicatequinas, como polifendis, tem sido estudada em detalhes, confirmando, em varias
metodologias in vitro e in vivo a atuacdo promissora de cada uma delas. Logo, 0 consumo das
fracdes do fruto bacaba é interessante, mesmo na forma de farinhas, pois sua presenca, além de
ser benéfica a saude pode atuar no préprio alimento, evitando sua oxidacao e estabilizando os

lipidios, evitando perdas na qualidade nutricional, sensorial e/ou tecnologica.

Concluséao

Apds a caracterizacdo quimica, nutricional, antinutricional e tecnoldgica das fracdes do
fruto Amazonico Brasileiro bacaba, alguns resultados chamam a atencdo para sua utilizacéo
integral, colaborando com a fome no mundo, o impacto de residuos organicos no ambiente e
com mais uma alternativa de industrializagdo de frutos da Amazonia Legal Brasileira.

A casca+polpa (CB) € rica em lipidios e sua farinha promissora fonte de fibras
alimentares, com predominio de minerais como calcio e magnésio e boa solubilidade em leite;

ja a semente de bacaba e sua farinha possuem elevado teor de carboidratos totais, fibras
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alimentares, potassio e fosforo, com destaque para a solubilidade em agua da farinha. Ambas
as fracGes possuem atividade antioxidante, com presenca de compostos como epicatequina e
procianidina A2.

Com relacdo aos antinutricionais, ndo foram detectados &cidos cianogenicos em
nenhuma das fracGes avaliadas, contudo, presenca de inibidor de tripsina e taninos totais na

casca+polpa e acido fitico, inibidor de tripsina e taninos nas sementes e sua farinha.
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Resumo

O tucumd é um fruto natural da regido Norte do Brasil, cuja polpa € de coloragcdo amarelo
alaranjado intenso, rica em carotenoides e muito consumido na forma in natura. O presente
trabalho objetivou caracterizar os residuos da despolpa deste fruto, a saber, casca, polpa e

améndoa (semente) e a farinha obtida da casca. As fracbes foram analisados quanto a
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pardmetros fisicos, quimicos, nutricionais, antinutricionais e tecnoldgicos. Os resultados
demostraram que todas as fracfes do tucuma possuem elevado teor de 6leo (26 a 53,86 g/100g);
a casca, sua farinha e polpa séo fontes de proteinas, fibras insolUveis e apresentam procianidina
A2/B2 e catequina; a améndoa é fonte de mineiras como potéssio, célcio e magnésio e contém
acido fitico e inibidor de tripsina. As propriedades tecnoldgicas da farinha da casca mostraram-
se adequadas para produtos a base de leite, &gua e/ou dleo. Logo, o tucuma desponta como fruto
promissor, cujos coprodutos podem ser inseridos em vérios alimentos, fornecendo adendo
nutricional, além de possibilitar o consumo integral, colaborando com o meio ambiente, ao

evitar o acimulo de lixo orgéanico.

Palavras chaves: antinutricionais; aproveitamento integral; farinhas; frutos amazonicos

1. Introducéo

A regido amazonica, no Brasil, é considerada preciosa reserva natural de alimentos e
plantas medicinais em todo o mundo. Estima-se que 44% das frutas nativas estejam localizadas
nessa regido (Neves et al., 2015).

Entre essas espécies estd o Tucumd (Astrocaryum vulgare), pertencente a familia
arecaceae, sendo popular no norte do Brasil, cujos frutos comestiveis estdo disponiveis em
feiras locais e consumidos in natura ou usados para preparar pratos regionais. Os frutos de
tucumd (Figura 1) sdo drupas ovoides lisas (5-6 cm de diametro, 70-75 g de peso), com
epicarpo e mesocarpo que variam de amarelo a laranja escuro e vermelho (Maia et al.,
2014). Estudo realizado por Sagrillo et al. (2015) mostraram que a polpa do tucuma é rica
em compostos bioativos como flavonoides (26,06 mg.100 g ), b-caroteno (20,97 mg.100 g %)

e rutina (14,51 mg.100 g ).
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Figura 1: Frutos de tucuma
Fontes: https://amazonia.org.br/2015/12/tucuma-e-analisado-para-prevenir-e-tratar-obesidade-

e-diabetes-no-amazonas/. Acessado 02 de marco de 2021.

O consumo da polpa de tucuma gera coprodutos como cascas e sementes e, embora a
casca ndo seja habitualmente consumida como alimento, sua composic¢ao é rica em compostos
bioativos, em proporcGes maiores até do que a polpa, possibilitando sua utilizagdo como fonte
de matéria-prima para a indlstria farmacéutica e de alimentos, quer seja para humanos ou
animal (De Souza Filho et al., 2013; Jobim et al., 2014; Matos et al., 2019; Sagrillo et al.,
2015).

A aplicacdo de ingredientes alimenticios alternativos, como a casca de frutos, é
considerada estratégia potencial, pois pode aumentar o valor agregado ao produto
final. Anualmente, 95% dos coprodutos de vegetais (cascas, caules, sementes e folhas) sédo
descartados durante o preparo e processamento (Melikoglu et al., 2013). Pesquisas apontam
gue o conteldo nutricional das cascas de vegetais é benéfico para a saide humana, pois contém
vitaminas, minerais e fibras, sendo grande desperdicio elimina-lo na natureza (Moo-Huchin et
al., 2014).

Nessa pespectiva, o presente trabalho teve como objetivo avaliar o potencial nutricional

e tecnoldgico, assim como os fatores antinutricionais das fragdes do fruto tucuma (casca in


https://na01.safelinks.protection.outlook.com/?url=https%3A%2F%2Famazonia.org.br%2F2015%2F12%2Ftucuma-e-analisado-para-prevenir-e-tratar-obesidade-e-diabetes-no-amazonas%2F&data=04%7C01%7C%7C5305d21b640f41b59aea08d8ddcd229d%7C84df9e7fe9f640afb435aaaaaaaaaaaa%7C1%7C0%7C637503220475871676%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5qyCNS0Vd8FUGn%2BsQbYWNt7abUPULtwcv03Hp5H%2BvDA%3D&reserved=0
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natura, farinha da casca (FCT), polpa e améndoa in natura), com intencéo de propor possiveis

usos desses coprodutos para a industria alimenticia.

2 Matérias e Métodos

2.1 Material e Reagentes

Frutos inteiros de tucuma (Astrocaryum vulgare) foram adquiridos, por meio de compra
em feira local de Tefé- AM, Brasil. Os frutos inteiros seguiram para analise morfoldgica como
massa, didmetro transversal e comprimento. A etapa de separacao das fracGes do tucuma foi
feita de modo manual, com o auxilio de faca, separando a casca, polpa e pirenio+améndoa
(Figura 1), sendo que para obtencdo da améndoa, esta foi levada a estufa a 60°C, com circulacédo
de ar (TE 394/4, Tecnal, Piracicava, Brasil) por 24hrs e, depois, com o auxilio de martelo, o
pirenio foi quebrado, obtendo somente a améndoa, a qual, posteriormente, foi triturada em
moinho de facas (willye START FT 50). As Fracoes foram dividadas em 3 lotes: o primeiro
seguiu para analises de solidos solaveis, pH, acidez e cor; o segundo foi armazenado em
temperatura de -18°C, para realizacdo das demais analises quimicas e fisicas; o terceiro lote,
composto apenas da casca in natura, foi seco em estufa a 60°C, com circulacdo de ar (TE 394/4,
Tecnal, Piracicava, Brasil), ate atingir 15% de umidade. Apds secas, as cascas foram tritutada
em moinho de facas (willye START FT 50), com granulometria de 25,40mm. Apds este
procedimento, a casca in natura (CT), farinha da casca (FCT), polpa in natura (Polpa) e
améndoa in natura (Améndoa), foram armazenadas em sacos de polietileno de alta densidade,
fechada a vacuo, conforme mostra a Figura 2. Os sacos foram revestidos com folhas de papel
aluminio e armazenados em congelador a -18°C, até 0 momento da realizacdo das diversas

analises (quimicas, fisicas e tecnoldgicas).
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104  Figura 3: Fluxograma de experimento realizado com as fracdes casca (CT), farinha da casca
105  (FCT), polpa e améndoa, advindas do processamento de tucuma.

106

107 2.2 Andlises fisicas do Tucuma e suas fracdes

108 A massa do fruto inteiro foi analisada com respeito a sua massa, utilizando balanca semi-

109  analitica (Scientch /SA 210). O rendimento foi calcudado, pesando o fruto integral e,
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posteriormente, a casca e semente separadamente. Para o estudo morfoldgico, referente ao
didmetro e comprimento, foi utilizado paquimetro digital (Vernier Caliper ive, 0-150 mm), em
30 frutos escolhidos ao acaso.

A atividade de &gua foi feita em aparelho Aqualab, digital, modelo CX-2, fabricado pela
DECAGON, a (x 25°C). Os parametros instrumentais de cor foram determinados, utilizando
colorimetro (Color Quest, XE, Reston, EUA), de acordo com o sistema CIELab. Os resultados
foram expressos em valores L*, a*, b*, sendo L* (claridade), variando do preto (0) ao branco
(100), a* variando do verde (-60) ao vermelho (+60) e b* variando do azul (-60) ao amarelo
(+60). O Chroma (C) foi calculado por meio da equacgéo 1. Foram feitas 30 determinacgdes, nas

fragdes de tucuma (CT, FCT, polpa e améndoa).

Equagéo 1: C = Va? + b?

2.3 Analises Quimicas da Bacaba e suas fracdes

As determinacdes analiticas foram realizadas nas amostras de CT, FCT, polpa e
améndoa. O teor de soélidos soltveis foi determinado, apds diluicdo (1:9), em refratbmetro
digital (AR200, Reichet Analytical Instruments Depew, Nova lorgue, Estados Unidos); com a
mesma diluicdo, foi medido o pH, o qual foi determinado em potencidémetro (TEC5, Tecnal,
Piracicaba, Sao Paulo, Brasil), previamente calibrado com solucdes de pH 7,0 e 4,0. A acidez
titulavel, expressa em g/100g de &cido citrico, foi realizada por titulometria, na diluicdo (1:9)
com solucéo de hidréxido de sédio (NaOH) 0,1 M; o teor de umidade e cinzas foi determinado
por método gravimétrico, no qual as amostras foram submetidas ao aquecimento em estufa a
105 °C e carbonizadas em placas elétricas, com posterior incineracdo em mufla a 550 °C
respectivamente (AOAC, 2016 numero 930,16 e 942,05): proteinas pelo Método de

microKjeldahl, de acordo com AOAC (2016, niumero 929,152), utilizando o fator de converséao



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

de 6,25; lipideos totais, por meio do método de Bligh-Dyer (1959); carboidratos totais,
calculado por diferenca, segundo RDC n° 360 (Brasil, 2003); valor cal6rico, calculado por meio
dos coeficientes de Atwater (carboidrato = 4,0 Kcal/g; lipideos = 9,0 Kcal/g; proteinas = 4,0
Kcal/g) (Merril & Watt, 1973), sendo ambas as analises realizadas em 10 repeti¢Oes. Os teores
de fibras soluveis e insollveis foram determinados, em 3 repeticoes, por método gravimétrico-
enzimatico, utilizando enzimas a-amilase, protease e amiloglicosidade (AOAC 2016, nimero
992,16). Os teores de acucares redutores, ndo redutores e totais foram determinados pelo
método do acido 3,5-dinitrossalicilico (ADNS), segundo metodologia proposta por Silva et al.,
(2003), feitas em 10 repeticdes. Os minerais (célcio, magnésio, fosforo, cobre, ferro, manganés
e zinco) foram determinados por Malavolta et al. (1997), por expectrometria de chama, todos

em triplicata.

2.4 Fatores antinutricionais do Tucuma e suas fracoes

A presenca de acido cianidrico foi avaliada, nas fracoes de CT, FCT, polpa e améndoa do
tucuma, utilizando o teste Guignard, técnica qualitativa que consiste na confirmacdo da
presenca ou ndo de cianetos. A semente de ameixa foi utilizada como padrdo comparativo
(Araujo, 2011), a qual apresenta glicosideos cianogénios precursores do acido cianidrico. As
analises foram realizadas em 3 repeticoes.

Para determinacdo de acido fitico, taninos condensados e totais foram feitos 3 extratos,
conforme descrito a seguir e, a partir destes, foram feitas 12 leituras nas fracées CT, FCT, polpa
e améndoa. O teor de inibidores de tripsina foi determinado, de acordo com Arcon (1979), com
extragdo apenas em pH neutro; os teores de acido fitico foi determinado pelo método descrito
por Latta e Eskin (1980), utilizando a resina DOEX- Cellulose (ion-exchangeresin), de acordo
com Vilela et al (1973). O conteddo de taninos condensados foi estimado,

espectrofotometricamente, com extragdo em metanol, pelo método adaptado por Barcia et al.
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(2012). O método proposto por Swain e Hills (1959) foi utilizado para determinar o teor de

taninos totais, utilizando agua para a extragao.

2.5 Analises tecnoldgicas da farinha da casca (FCT) de Tucuma

Para determinacgdo do indice de absor¢do de &gua (IAA), solubilidade em &gua (ISA),
absorcdo de 6leo (IAO) e para os indices de absorcao e solubilidade em leite (IAL) e (ISL), foi
utilizada metodologia descrita por Okezie e Bello (1988) e a equacdo descrita por Anderson et

al. (1969). Ambas as analises foram realizadas em 10 repeticdes.

2.6 Extracdo e andlise dos pigmentos

Para as analises descritas a seguir, foram feitas 3 extracdes e leituras em 4 repeticoes
nas fracdes CT, FCT, polpa e améndoa. A quantificacdo de clorofila foi mensurada pela
metodologia de Engel e Poggiani (1991. O método adaptado de Barcia et al. (2012) foi utilizado
para determinar o teor total de antocianinas. Os carotenoides foram extraidos, conforme descrito
por Serino et al. (2009) e identificados e quantificados por Cromatografia liquida de alta
eficiéncia CLAE, em cromatografo (Shimadzu, série LC-20AT, Tokyo, Japan), equipado com
sistema de bombas isocréaticas (LC-20AT), injetor automatico (SIL 20A), sistema de deteccédo
de UV-VIS (SPD-20A), e forno para coluna (CTO 6A). Uma coluna C18 (LiChroCART 250-
4 LiChrospher® 100 RP-18 endcapped 100x4,6mm- 5 um - Merck) foi utilizada, e o volume
de injecdo de extrato foi de 20 puL. A fase movel era composta por acetonitrila: 4gua: acetato de
etila (53:7:40, viviv), em fluxo de 1 mL/min. Durante a andlise, a temperatura foi mantida em
30°C. Espectros de absorbancia foram adquiridos por varredura (200-600 nm), com

monitoramento em quatro comprimentos de onda: 474 nm para licopeno, 454 nm for f-
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caroteno, 286 nm para fitoeno, e 448 nm para luteina. A identificacdo deu-se por meio da
comparacdo com o tempo de retencdo dos padrdes e sua quantificacdo foi feita por meio da

utilizacdo de curvas com cinco diferentes concentragdes dos padroes.

2.7 a-Tocoferol

A cromatografia liquida de alta eficiéncia (CLAE) foi utilizada para a determinacao da
vitamina E (a-, B-, y-, 6-tocoferol) em todas as fragcbes do tucuma, conforme descrito por
Presoto, Rios e Almeida-Muradian (2000) e Melo e Almeida-Muradian (2010). Para as andlises,
foram utilizados, aproximadamente, 5 g de amostra, e feitos 3 extratos. Foi utilizado detector
de fluorescéncia (RF-10AXL), ajustado para excitacdo de 295 nm e emissdo de 330 nm. Uma
coluna de silica Shim-pack CLC-Sil (M) (25 x 4,6 mm de tamanho de particula 5 um) com fase
movel pré-filtrada e desgaseificada foi usada, consistindo em hexano e alcool isopropilico (99:
1) e 1,5 fluxo de mL / min. Os tocoferdis foram identificados pela comparacéo do tempo de
retencdo dos padrdes sintéticos, e a quantificacdo foi realizada por curva de padronizacdo
externa, usando, pelo menos, cinco niveis de concentracdo para cada padrdo. Para calcular a
vitamina E nas amostras, foi utilizado a equacdo descrita por Holland et al. (1991), que é

baseado na atividade bioldgica da vitamina E.

2.8 Antioxidantes do Tucuma e suas fracoes

2.8.1 Preparacgéo dos extratos
Os compostos bioativos, de cada amostra, foram extraidos de acordo com protocolo
descrito por De Souza et al. (2018), utilizando proporcéo de 1:30 (amostra; solucédo), e solugéo

(60:40, v/v) metanol: agua, em banho ultrassénico (USC2800A, Logen scientific, S&do Paulo,
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Brasil; frequéncia 40Khz; dimenséo interna: 293x235x150mm) por 11 mim. Os extratos foram
centrifugados (3000g 15 min a 4 °C) em centrifuga (5403, Eppendorf AG, S&o Paulo, Brasil) e
filtrados em filtro de placa sintetizada (G4), mantidos a —18 °C em fracos ambar, até o momento
das analises espectrofotométrica e cromatografica. As extragdes foram realizadas em 3

repeticoes nas fragcbes CT, FCT, polpa e améndoa.

2.8.2 Identificagio e Quantificacdo dos Flavonoides e Acidos Fen6licos

A separacio, identificagdo e quantificacdo dos Flavandides e Acidos fendlicos foram
realizadas por CLAE-DAD-MS, utilizando coluna de fase reversa Luna C18 (2) HST (100 x
3,0 mm, 2,5 pum; Phenomenex, Torrance, CA, EUA), cujos extratos foram filtrados em filtros
de nylon 0,22um (Millipore) para vials e volume injetado foi de 5uL. A fase moével foi
constituida de agua com é&cido formico a 0,1% (A) e acetonitrila (B). As separacdes
cromatograficas foram realizadas em condic¢Bes gradientes, usando o solvente A (dgua com
acido formico a 0,1%) e o solvente B (100% acetonitrila) a vazdo de 0,5 mL/min. Um programa
de gradiente de 22 minutos foi utilizado no estudo, comegando com &cido férmico a 0,1% e
acetonitrila (95: 5, v/v), seguido de aumento de até 8% de acetonitrila em 5,0 min, e aumento
para 15% em 8 minutos, mantendo-se nessa propor¢cdo por 2 minutos e, em seguida,
aumentando para 20% de acetonitrila em 12 minutos; a proporcao de acetonitrila foi novamente
aumentada para 35% em 15 minutos e mantendo em 3 minutos, finalmente foi diminuida a
proporcéo de acetonitrila para 5% e mantendo-se em 2 min. As amostras foram injetadas em
triplicata e os flavonoides e acido fenolico foram identificados de acordo com o tempo de
retencdo e quantificados por meio de curva de padrdes comerciais (Sigma Aldrich, St. Louis,

EUA).

2.8.3 Capacidade antioxidante

10
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A capacidade antioxidante foi determinada, usando os ensaios ABTS e FRAP. Para o
ensaio da capacidade de reducdo do radical (ABTS), foi utilizado o método de Rufino et al.
(2007) e para o poder do ferro (FRAP) utilizou-se método descrito por Rufino et al. (2006),

ambas as analises nas fracdes CT, FCT, polpa e améndoa.

2.9 Analise Estatistica

O experimento foi conduzido em delineamento inteiramente casualizado (DIC), com
repeticdes, cujos tratamentos foram as fragcbes CT, FCT, polpa e améndoa. Para as anélises
fisicas, as meédias foram apresentadas com seus respectivos desvios padrdo. Para as
comparacdes entre fracdes, as médias das anélises foram submetidas & anélise de variancia e,
quando significativas, aplicados teste de Tukey, utilizando nivel de confianca de 95%. Foi

utilizado, para auxilio, o programa SISVAR (Ferreira, 2014).

3 Resultados e Discussao

Os resultados das caracteristicas morfolégicas do tucuma estdo apresentados na Tabela 1.
A massa do fruto foi de 33,099, com diamentro/comprimento de 38,19 e 42,30 mm. Ferreira et
al. (2009) ao avaliarem as caracteristicas do mesmo fruto, mas no Estado do Para, obtiveram
massa de 22,019 e diamentro/comprimento de 31,23 e 38,53 mm respectivamente. Yuyama et
al., (2008), ao estudarem o fruto tucuma (A. aculeatum) encontraram peso médio de 50,8g. Tais
diferencas podem ser justificadas pela espécie, localizacdo de plantio, nutricdo da planta e
clima.

Tabela 1. Caracteristicas morfoldgicas do Tucumg, safra 2018/2019, adquiridos na cidade de
Tefé (MA) - Brasil.

Parametros Tucuma

11
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Massa (g) 33,09 £ 6,85

Diametro (mm) 38,19 + 2,50

Comprimento (mm) 42,30 + 3,09

Casca () 4,60 £ 0,75

Polpa (g) 7,33+£1,93

Pirénio e Endocarpo (g) 21,10 £5,14
Rendimento

Casca (%) 13,84 +1,41

Polpa (%) 22,61 £ 5,22

Pirénio e amendoa (%) 61,90 + 6,06

1Os valores correspondem as medias + desvio padrdo de 30 repeticdes, escolhidas ao acaso.

O maior rendimento foi observado na fracdo pirenio+améndoa (61,90%), seguido da
polpa (22,61%) e casca (13,84%). Nota-se que somado a fragdo casca mais semente, tem-se
75,80% de fruto que séo descartados no meio ambiente, ap6s o uso da polpa.

No processo de secagem, para obtencdo da farinha da casca de tucuma (FCT), houve
reducdo de 96% na umidade, diminuindo de 58,32 % (CT) para 2,32 % (FCT). Tal fato, pode
ser visualizado na reducédo da atividade de agua também (de 0,920 para 0,407). A reducdo da
Aw e umidade em farinhas alimenticias é de estrema importancia, pois afeta diretamente a vida
util e a qualidade do produto (Batista et al., 2017). Com relagdo a polpa e a améndoa, ambas
possuem elevado teor de umidade (48,51% e 26,65% respectivamente) e Aw (0,929 e 0,932
respectivametne), sendo recomendado sua secagem ou refrigeragdo para frear o processo de
degradacéo e/ou fermentacéo.

Dentre as fragfes do tucuma, a casca (6,57 g/100g) e sua farinha (5,04 g/100g) foram
destaques em relacdo a polpa (1,63 g/100g) ou améndoa (126 g/100g) na analise de cinzas.
Esses dados corroboram com os dados encontrados por Miller et al. (2013), também na farinha
de casca de tucuma (4,49 g/100g) e com Silva et al. (2018), que relataram teor de 1,2 g/100g na

polpa do mesmo fruto.

12
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Os maiores teores para proteinas foram encontrados na casca (11,73 g/100g) e sua farinha
(9,71 g¢/100g), seguidos pela polpa e améndoas (5,38 ¢/100g) que ndo difereiram
estatisticamente entre si (p<0,05). Esses teores corroboram com os trabalhos de Miller et al.
(2013) na farinha de tucuméa (9,33 g/100g) e com Yuyama et al. (2008), na polpa in natura
(3,51 g/100g) e desidratada (6,70 g/100g) para a espécie A. aculeatum. A legislacdo brasileira,
RDC 54 (Brasil, 2012), preconiza um minimo de 10%, em 100g do produto, para este ser
considerado fonte proteica, logo, a casca de tucumd@ é uma excelente alternativa de
enriquecimento proteico para alimentos. Chillo et al., (2008) relatam que diversos estudos sao
feitos na tentativa de melhorar o indice de proteinas em massas e produtos de panificacdo. A
RDC 269 (Brasil, 2005) infere que o consumo de proteinas em adultos deve ser de 50g/dia e
em criangas 34g/dia. Diante disso, qualquer uma das fragdes do fruto tucumaé seriam excelentes
matérias primas de insercao proteicas em alimentos.

Com relagdo aos teores de lipidios, o destaque ficou para a polpa (56,86 g/100), seguido
da améndoa (39,85 g/100g) de tucuma. Tais valores sdo condizentes com os dados reportados
por Silva et al. (2018), também na polpa do mesmo fruto (34,42 g/100g) e por Bora et al. (2001)
na améndoa de tucuma (37,62 g/100g). Segundo Pereira et al. (2019), a gordura da améndoa do
tucuma tem composicdo de acidos graxos bastante semelhante a do 6leo de coco, que é
comumente usado na alimentacdo humana, além de apresentarem valores semelhantes aos
teores de lipidos das castanhas de baru (31-42 g/ 100 g) e da castanha do Brasil (64-68 g/ 100
0) (Egea & Takeuchi, 2019).

Os carboidratos sdo componentes essenciais a serem determinados, pois incluem agucares
redutores (como glicose e frutose), aclcar ndo redutor (sacarose), amidos e fibras, que
desempenham papel fundamental no sabor e na estrutura da fruta (Pomares-Viciana et al.,

2018), além de conferir aspectos nutricionais importantes. Os maiores valores de carboidratos

13



302

303

304

305

306

totais foram encontrados nas fragbes FCT (58,97 g/100g), améndoa (53,48 g/100g) e CT (51,38
9/100g), sendo superiores ao relatado por Silva et al (2018) na polpa (13,99 g/100g) de tucuma.

O valor caldrico, alto em ambas as fracfes, deve-se, principalmente, pela elevada
quantidade de lipideos e carboidratos nas fragdes do fruto, sendo os maiores valores

encontrados nas fragdes polpa e améndoa (659,04 e 575,80 Kcal/100g respectivamente).
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307 Tabela 2. Composicao proximal (g/100g), minerais (mg/100g) e fisica da casca in natura (CT), farinha da casca (FCT), polpa in natura e améndoa

308 innatura, em base seca, safra 2018/2019, adquiridos na cidade de Tefé (MA) - Brasil.

Parametros CT FCT Polpa Améndoa
Umidade 58,32 + 0,372 2,32 +0,14° 48,51 + 1,08 26,65 + 0,37°
Cinzas 6,57 +0,51° 5,04 +0,43° 1,63 +0,33° 1,26 + 0,25¢
Proteinas 11,73 £ 0,702 9,71 +0,20° 5,28 +0,71° 5,47 + 0,54°
Lipidios 30,35 + 2,03¢ 26,28 + 1,18¢ 53,86 + 3,61° 39,80 +1,19°
Carboidratos Totais 51,38 + 1,80° 58,97+ 1,262 39,23 + 3,75° 53,48 + 1,40°
Valor caldrico Total (Kcal/100g) 525,63 +10,16° 511,23 + 6,08¢ 659,04 + 17,962 575,80 + 5,99°
Fibra Insolavel 24,82 +0,58¢ 39,55 + 1,40° 26,99 + 0,75° 41,86 + 0,35°
Fibra Soluvel 2,06 + 0,34° 4,95 +0,82° 7,25 + 3,58° 1,29 +0,91¢
Fibra Alimentar Total 26,89 + 0,924 4450 + 2,222 38,24 + 4,64° 43,15+ 1,26°
Acucares Redutores 0,69 +0,02° 0,70 +£0,02° 2,76 + 0,062 0,43 + 0,04°
Sacarose 6,20 + 0,06° 6,20 + 0,06° 1,86 + 0,42° 1,19 +1,68°
Acucares totais 6,89 + 0,062 7,04 £ 0,072 457 +0,47° 1,62 +1,65°
pH 5,39 + 0,03° 5,30 +0,01° 5,80 + 0,00 5,00 + 0,00¢
AT?3 (g/100 acido citrico) 0,97 +0,05° 1,62 £ 0,042 0,69 +0,01° 0,65 + 0,02°
SS* (°Brix) 7,93+0,93° 10,97 + 0,462 10,26 + 0,462 2,4 +0,64°
Aw 0,929 + 0,0012 0,407 +0,012° 0,929 0,002 0,932 + 0,012
L 43,69 + 5,34° 54,41 + 0,59° 59,50 + 3,072 59,86 + 0,75°
a* 16,74 + 4,74° 11,27 +0,15° 36,23 +2,132 5,42 +0,28¢

15



b* 66,15 + 5,98 23,89 +0,74° 101,10 * 4,80 11,60 + 0,52¢
Croma 68,44 + 5,49° 26,42 +0,73¢ 107,42 + 4,612 12,80 + 0,58¢
Potassio 710,43 + 17,53 779,80 + 18,99 609,35 + 22,25° 451,40 + 12,54¢
Fosforo 21,59 + 2,64° 23,40 + 2,86° 33,16 + 1,37° 155,94 + 0,472
Célcio 139,30 * 4,02¢ 150,94 + 4,36° 179,22 +10,35" 246,22 + 4,742
Magnésio 104,48 + 0,001 113,21 + 0,00° 161,30 + 15,52° 188,77 + 4,742
Ferro 2,44 +0,14° 2,64 +0,15° 2,24 +0,22° 6,57 + 0,19
Cobre 4,67 +0,00° 5,06 + 0,442 0,89 + 0,00¢ 2,02 +0,02°
Manganés 1,67 +0,01° 1,81 +0,01° 0,17 +0,00¢ 4,92 + 0,012
Zinco 0,27 +0,00° 0,30 + 0,00° 0,90 + 0,05" 2,46 + 0,03
Enxofre ND ND ND 2,47 0,53
ISA® (%) - 23,23 +2,51 - -
IAA® (g. gel/g) - 5,87 + 0,64 - -
CAQ’ (%) - 2,51+0,13 - -
ISL8(%) - 30,98 + 1,93 - -
IAL® (g. gel/g) - 1,80 £ 0,16 - -

309  'Os valores correspondem as medias + desvio padrdo de dez repeticOes. *Letras mindsculas na mesma linha ndo diferem entre si estatisticamente no teste no

310 teste de T a 5% (p <0,05).2FCT: farinha da casca .> Acidez total titulavel expressa em &cido citrico. * S6lidos Soltveis. Sindice de solubilidade em agua. ®indice

311  de absorgio em agua. ‘Capacidade de absorcéo de 6leo. & indice de solubilidade em leite. °Indice de Absorgdo em leite.
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Tanto a fibra alimentar solGvel quanto a insoluvel tém beneficios inquestionaveis para a
salde, incluindo reducdo de lipidios e colesterol séricos, controle de peso corporal e respostas
de glicose pds-prandial, devido as suas propriedades fisico-quimicas e funcionais (Dai et al.,
2019. Com relacéo a fibra insoltvel e total, os maiores teores foram encontrados na améndoa
(41,86 g/100g e 43,15 g/100g respectivamente), seguido da farinha da casca de tucuma (39,15
9/100g e 44,50 g/100g respectivamente). A polpa chamou atencdo no contetdo de fibra soltvel
(7,25 g/100g). Tais valores sdo superiores aos encontrados por Santos et al. (2018), também no
fruto tucumd, para fibra insoltvel (32,66 g/100g) e total (35,95 g/100g) e semelhante a fibra
soluvel (3,29 ¢/100g). De acordo com a Organizagdo Mundial de Salde, é recomendado o
consumo de, pelo menos, 25 g por dia de fibra alimentar (OMS, 2003), assim, todas as fracoes
do tucuma suprem a necessidade recomendada pela OMS, sendo 6tima opcdo de insergdo na
alimentacdo humana. A legislacdo Brasileira— RDC 54 (Brasil, 2012) preconiza um minimo de
69 de fibras alimentares para cada 100g de produto para um alimento seja considerado como
alto teor de fibras. Logo, ambas as fracdes do tucuma se enquadram nessa categoria.

A respeito dos agucares, estes nao estdo presentes, nas fracdes do tucumd, em quantidades
significativas. A FCT (7,04 g/100g) e a casca (6,89 g/100g) sdo as fracdes com maiores teores
de acucares totais e de sacarose (6,20 g/100g). A polpa destacou-se pelo teor em agucares
redutores (2,76 g/100g), semelhante ao encontrado por Yuyama et al. (2008) em tucuma
amazonico (2,63g/100g). Os resultados de sélidos soltveis condizem com os dados obtidos de
agucares, pois, seus teores também foram baixos. Maior presenca foi encontrado na fracdo FCT
(10,97 °Brix), seguido da polpa (10,26 °Brix). Segundo De Souza et al. (2012), os frutos com
maior probabilidade de aceitacdo sdo aqueles com maior teor de sélidos sollveis e aglcares
totais. Logo, a alternativa de secagem e obtencdo de farinhas, seria muito bem-vinda em todas
as fracOes dos frutos, inclusive para a polpa, pois a possibilidade de incorpora¢do em produtos

alimenticios seria mais facilcilmente aceita pelo consumidor.
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Alem de reduzida docura, as fragbes do tucuma, também, possuem pouca acidez,
influenciando na qualidade sensorial das frutas e seus produtos (Milosevic et al., 2016). Os
valores de pH, em ambas as fragdes, foram superiores a 5, o que segundo Germano (2015),
pode representar riscos a qualidade microbiol6gica das fragdes, ja que as bactérias conseguem
se desenvolver em uma faixa de pH que varia entre 5 e 8, reforgando, portanto, a necessidade
de uma secagem e obtencéo de farinhas das fragfes do tucuma. Com relagdo a acidez titulavel,
os resultados foram inferiores a 1,70 g/100g &cido citrico, confirmando a baixa acidez dos frutos
do tucumazeiro. Segundo Franco e Landgraf (2008), alimentos com pH acima de 4,5 séo
considerados de baixa acidez ou levemente acidos.

Quanto a coloracdo, a secagem influenciou a cor da farinha em todos os parametros,
corroborando com relatos de Fadimu et al., (2018) que dizem que a secagem, na obtencédo de
farinhas de frutas e vegetais, influencia muito os parametros de cor. Dentre as fragdes, aquela
mais escura foi a casca (43,69), seguida da sua respectiva farinha (54,41). De acordo com 0s
dados de a* (36,23) e b* (101,10), reforcado pelo parametro Chroma (107,42), a polpa é bem
amarela. J& na améndoa, os valores altos de L* (59,86) e baixos de a* (5,42), b* (11,60) e
Chroma (12,80) reforcam sua coloracao esbranquicada, conforme visualizado na Figura 1.

Com relacdo ao perfil de minerais, as fraces do tucuma séo ricas em potassio, calcio e
magnésio. A fracdo FCT (779,80) possui potassio superior em relacdo as demais e a améndoa
se destaca nas quantidades superiores em calcio (246,22) e magnésio (188,77). As necessidades
médias diarias de minerais, para adultos de 19 a 70 anos (homens e mulheres), segundo o
Institute of Medicine (2006) sdo as seguintes: manganés de 1,8 a 2,3 mg/dia; cobre de 0,9
mg/dia; ferro de 14 mg/dia; magnésio de 260 mg/dia; fosforo de 700 mg/dia; calcio de 1000
gm/dia e potassio de 4700 mg/dia. Os resultados do perfil mineral, para a fracdo FCT, indica
que o consumo de 100g supri 16,59 % de potassio, 15,09% de célcio e 43,54% de magnésio;

para a fragdo CT, esta supri 15,12% de potéssio, 13,93% de célcio e 40,18 % de magnésio; para
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a fragdo améndoa, esta supri 24,62% de calcio, 72,60% de magnésio, 22,14% de fosforo e 47,64
% de ferro; para a fragdo polpa, esta supri 12,96% de potéssio, 17,92% de célcio e 62,03% de
magnésio.

O célcio, potassio e magnésio sdo necessarios para reparar as células desgastadas do
corpo e produzir glébulos vermelhos (OMS, 1996); ja o ferro, esse participa do transporte e
armazenamento de oxigénio, respiracdo celular, sintese de DNA, neurotransmissores e
colageno, metabolismo de &cidos graxos, xenobioticos, perdxido de hidrogénio e iodo (Gurzau
et al., 2003), ficando evidente a alternativa promissora e eficaz das fragdes do fruto tucuma na
alimentagdo humana.

Os dados referentes as propriedades tecnoldgicas da farinha da casca de tucuma estéo
apresentados na tabela 2 e pode-se destacar os indices de solubilidade em agua (23,23%) e de
solubilidade em leite (30,98%). Quando comparados a farinha de aveia, que apresenta ISA de
3,37% e a farinha de trigo sarraceno que apresenta ISA de 1,45% (Di Cairano et al.,2020), a
fracdo FCT pode ser facilmente incorporada em diversos alimentos aquosos e a base de leite,
pois possui excelente solubilidade em ambas as matrizes.

Com relacdo ao 1AO, a fracdo FCT apresentou 2,51%, superior a farinha de aveia com
1,41% e farinha de trigo sarraceno com 1,06% (Di Cairano et al.,2020). A capacidade de
absorcdo de 6leo € til na indastria de carnes frias, principalmente para salsichas, onde a
proteina costuma fazer a ponte entre a gordura/6leo e a dgua para obter produtos de alta
qualidade (Mao & Hua, 2012). Logo, a fracdo FCT pode também ser utilizada como matéria
prima na fabricacdo de embutidos, conferindo propriedades tecnoldgicas e nutricionais. Com
relacdo a presenga de antinutricionais nas fracbes do tucumé, os resultados podem ser
visualizados na Tabela 4. Nenhuma das fragGes apresentou acidos cianogénicos; com relagdo
ao acido fitico, somente a améndoa o contém (222,96 mg &cido fitico/100g) e os inibidores de

tripsina foram detectados somente na polpa (1,59 UI/100mg) e na améndoa (1,03 U1/100mg).
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A fragcdo com maior teor em taninos totais foi encontrado na FCT (15,36 mg acido tanico/100g)
e de taninos condensados na polpa (23,88 mg catequina/100mg).

Chinma et al. (2021), ao estudarem a farinha de amendoin, ja usualmente comercializada,
encontraram teores de 24,00 UIT/100g de inibidores de tripsina, valor muito superior ao
encontrado na polpa (1,59 UIT/100g) ou améndoa (1,03 UIT/100g) de tucumd. Como
conhecimento de dominio publico, quimicamente, os inibidores de tripsina sdo proteinas, logo,
uma simples aplicacdo de secagem, na polpa ou améndoa de tucuma, pode eliminar tal
substancia, podendo estas fracOes serem, seguramente, incorporadas em diversos produtos
alimenticios.

Tanto o acido fitico como os taninos, vem sendo estudados e comprovados seu benéfico
para a saude (Anunciacdo et al., 2019; Gibson et al., 2017 e Courtney et al., 2015), logo, a
presenca dessas susbtancias, nas fracbes do fruto tucumd, pode ndo ser tdo maléfica,
principalmente pelas quantidades encontradas.

Com relacdo aos pigmentos, encontrados nas fracdes do tucuma (Tabela 4), ndo foram
detectados presenca de clorofila e as antonicininas foram encontradas, em maiores quantidades,
nas fracdes CT e FCT, cuja média foi de 5,92 cianidina 3-glicosidio/ 100g, ndo havendo

diferenca estatistica (p<0,05) entre eles.
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404  Tabela 4. Compostos antinutricionais, pigmentos, taninos condensados e totais e antioxidantes da casca in natura (CT), farinha da casca (FCT),

405  polpa in natura e améndoa in natura, em base seca, safra 2018/2019, adquiridos na cidade de Tefé (MA) - Brasil.

Parametros CT FCT Polpa Amendoa
Acidos cianogénios Ausente Ausente Ausente Ausente
Acido Fitico (mg acido fitico/100g) ND ND ND 222,96 + 62,67
Inibidor de Tripsina (U1/100mg) ND ND 1,59 + 0,682 1,03 +0,16%
Taninos Condensados (mg catequina/100mg) 17,95 + 3,77° 18,77 +1,80° 23,88 * 3,98? ND
Taninos Totais (mg acido tanico/100g) 15,00 + 0,30° 15,36 £ 0,322 4,73 £0,23° 0,28 +0,03¢
Antocianinas (cianidina 3-glicosidio/ 100g) 5,85+1,782 5,99 + 1,822 1,78 +0,10P 0,48 +0,16°
Carotenoides (mg B-caroteno/mg) 203,36 + 78,992 192,92 + 74,93° 213,63 + 65,232 ND
Clrofila ND ND ND ND
a- Tocoferol (ug/g) 3,62 +£0,48° 3,71 £0,49° 346,39 + 39,30? ND
FRAP (UM de sulfato ferroso/mg) 1508,09 + 358,61° 1544,22 + 343,96° 2396,03 + 220,642 236,22 + 55,40°
ABTS (UM Trolox/mg) 9620,29 + 94,89° 9851,24 + 93,25% 3333,98 + 117,86° 455,41 + 137,554

406  'Os valores correspondem as medias + desvio padrédo de dez repeti¢des. UIT (unidade inibidora de tripsina). *Letras mintsculas na mesma linha néo diferem

407  entre si estatisticamente no teste de Tukey a 5% (p <0,05) ou no teste de T a 5% (p <0,05).
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Como o fruto se mosta de coloragdo amarelada, as quantidades de carotenoides foram as
mais expressivas, tendo maior concentragdo na casca e polpa, cuja média foi de 208,5 mg f3-
caroteno/mg. Matos et al. (2019), ao estudarem a casca e polpa de tucuma, encontraram teores
de 18,06 e 8,39 mg/100g de carotenoides respectivamente, dados estes bem inferiores ao
encontrado nesse trabalho. A coloragdo da casca e polpa do tucuma é muito superior a frutos
como maméo formosa - Carica papaya (54,86 mg/100g) e manga Tomy Atkins — Mangifera
indica (155,71 mg/100g) (Da Silva et al., 2011).

A quantidade de a- Tocoferol, encontrada nas frac6es do tucuma, foi mais significativa
na polpa (346,39 pg/g), sendo superior ao encontrado em fruto como o maracuja - Passiflora
edulis (0,426 pg/g) (Bacia et al., 2010). O alfa-tocoferol é o principal componente de um grupo
de compostos conhecido como vitamina E, mostrando ser poderoso antioxidante. Segundo
Shirahigue e Ceccato-Antonini (2020), a busca por antioxidantes naturais, em substituicdo aos
sintéticos, em residuos de processamento de frutas vem crescendo nos Gltimos anos.

Com relacdo a atividade antioxidadente, ambas as fracGes do fruto tucuma, as contém
(Tabela 4), porém a casca, a FCT e polpa possuem em maiores quantidades. Pelo ensaio FRAP,
as fracdes CT e FCT obtiveram média de 1526,15 uM de sulfato ferroso/mg, inferior a polpa
(2396,03 UM de sulfato ferroso/mg); ja pelo ABTS, a casca (9620,29 uM Trolox/mg) e FCT
(9851,24 uM Trolox/mg) obtiveram maiores resultados. Os valores, aqui encontrados, foram
superiores ao relatado por Silva et al. (2018) na polpa de tucuma (1242 pumolTE/mL) pelo
método ABTS. Ressalta-se que para matrizes alimentares com alto teor de lipidios e
carotenodides, que é o caso das fracBes do tucumd, o método ABTS pode fornecer melhores
estimativas da capacidade antioxidante (Candido et al.,2015) e a presenca de antioxidantes, nas
fragdes, ajuda na conservagéo, principalmente nas reac6es de oxidacao.

O perfil de fendlicos e flavonoides pode ser visualizado na Tabela 5.
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432  Tabela 5. Acidos Fendlicos e Flavonoides identificados e quantificados (mg/100 g de amostra) por HPLC-DAD, com base nos padrdes da casca
433 innatura (CT), farinha da casca (FCT), polpa in natura e améndoa in natura, em base seca, safra 2018/2019, adquiridos na cidade de Tefé (MA)

434 - Brasil.
RT (mim) A (nm) CT FCT POLPA Améndoa
Acido Gélico 2,3 271 ND ND 13,23+ 0,68 ND
Acido protocatecuico 4.4 259 6,92 + 1,222 3,25 +0,05° 1,75+0,17° ND
Acido p-hidroxibenzoico 7,1 254 30,21 + 5,932 14,60 + 0,95° 5,73 +£0,89° ND
Acido Vanilico 9,1 259 3,20 £ 0,107 2,21 £0,27° 1,24 +0,10° ND
Acido Elagico 13,4 270 0,64 + 0,06? 0,25 + 0,02° ND ND
Epicatequina 10,2 276 54,21 + 11,872 27,56 + 1,31° 5,73 £0,89° 10,87 £ 0,32°
Procianidina A2 8,1 235 1139,38 + 229,812 526,23 + 25,86" 177,70 + 58,57°¢ ND
Procianidina B2 10,2 235 362,76 + 107,922 183,25 + 13,37" 5,73 £0,89° ND
Rutina 13,9 354 ND ND ND 3,41 +£0,75
Quercetina 17,2 371 2,53+0,072 1,09 + 0,23° ND ND
Campeferol 17,3 270 3,21 £ 1,442 2,93 £0,89? ND ND
Mirecetina 17,3 370 2,37 £ 0,062 1,05 +0,18° ND ND

23



Catequina 8,3 276 273,13 + 6,502 110,20 + 4,29° 56,02 + 7,39° ND

435 10s valores correspondem as medias + desvio padrdo de dez repetigdes. *Letras mintsculas na mesma linha ndo diferem entre si estatisticamente no teste de Tukey a 5%

436 (p <0,05) ou no teste de T a 5% (p <0,05.
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Ambas as fragBes do fruto tucuma contém compostos fenolicos e flavonoides, porem a
casca chama a atencdo em relacdo aos demais. Foi possivel identificar e quantificar 11
compostos na fragcdo CT e FCT, 8 na polpa e 2 na améndoa, sendo a epicatequina, comum a
todas e, em maior quantidade, na CT (273,13 mg/100g).

Dentre os compostos avaliados, destacaram-se, também, a presenca de procianidina A2
(1139,38 mg/100g), B2 (362,76 mg/100 g) e catequina (273,13 mg/100g), ambos na casca do
tucuma, seguido pela fragdo FCT e polpa. Esses resultados corroboram com os de atividade

antioxidante, os quais mostraram mais a¢do nas fragdes casca, FCT e polpa.

Conclusdes

Dentre as fracGes analisadas do fruto tucumad, todas possuem componentes em destaque. A
fracdo casca possi maior quantidades em proteinas, cinzas, sacarose, potassio, carotenoides e
antioxidantes como procianidina A2/B2 e catequina; a fracdo farinha da casca de tucuma, possui
maior teor em carboidratos totais, fibra alimentar total, acucares totais, potassio e calcio, com
propriedades de solubilidade em agua, em leite e absor¢do em 6leo; a polpa possui elevado teor
em lipidios, valor calorico expressivo, fibra sollvel, acucares redutores, potassio, célcio,
magnésio e antioxidadnete como o acido galico presente; finalmente, a améndoa possui em
destaque a fibra insolUvel, postassio e antioxidante rutina.

Os antinutricionais encontrados, em ambas as frac6es, foram apenas os taninos; o inibidor
de tripsina foi detectado na polpa e améndoa e acido fitico somente na améndoa.

Portanto, o uso de qualquer uma das fracGes casca, farinha da casca, polpa e améndoa do
tucum&@ podem ser utilizadas, de maneira promissora, do ponto de vista nutricional e
tecnoldgico, em alimentos, com intuito de agregacdo de valor ao fruto, combate a desnutrigdo

mundial e reducédo do lixo organico.
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7 CONSIDERACOES FINAIS

Os resultados encontrados ao longo do trabalho demostraram e reafirmaram a promissora
utilizacdo dos frutos da Amazonia Brasileira e seus coprodutos (cascas e sementes).

A producdo de farinhas das cascas e sementes possuem impacto nutricional e tecnolégico,
podendo ser util para insercdo em diversos alimentos como paes, bolos, embutidos carneos,
contribuindo com o uso integral dos frutos e agregando melhorias nutricionais aos alimentos.

Sugere-se, entdo, novos estudos com a aplicacdo dos frutos e suas fracdes, aqui

estudados, em produtos alimenticios.
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captions and references); page numbering is provided. All sources (references) are provided in
alphabetical order Figures and tables (6 combined) include clear legends. The manuscript contains
appropriate ethical approval and informed consent (if applicable, include statement). Food
Chemistry now requires the inclusion of a hypothesis statement in the Introduction, and response
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in the Discussion. Please ensure this is included 3) Before submission: Manuscript file is provided
as a Microsoft Word file. A cover letter is included. Three or more suggested reviewers are provided
(including affiliation and professional email address), at least two of which are from a different
country than the Authors and none from the same institution. Keywords are provided.

Now you are ready to submit at http://ees.elsevier.com/foodchem

Original research papers; review articles; rapid communications; short communications; letters to the
Editor.
1.Research papers - original full-length research papers that have not been published previously,
except in a preliminary form, and should not exceed 7,500 words from introduction to conclusion
(not including references) (including no more than six tables and figures combined - additional tables
and figures can be submitted as supplementary material). Research papers should not contain more
than 40 references.
2.Review articles - will be accepted in areas of topical interest, will normally focus on literature
published over the previous five years, and should not exceed 10,000 words from introduction to
conclusion (not including references) (including allowance for no more than six tables and figures
combined). Review articles should not contain more than 120 references. If it is felt absolutely
necessary to exceed these numbers (tables, figures, references), please contact the editorial office
for advice before submission.
3. Short communications - Short communications of up to 3000 words from introduction to conclusion
(notincluding references), describing work that may be of a preliminary nature but merits publication.
These papers should not contain more than 40 references.
4. Viewpoints - Authors may submit viewpoints of no more than 1200 words on any subject covered
by the Aims and Scope.
5.Letters to the Editor - Letters are published from time to time on matters of topical interest.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Another useful source of guidance is "Responsible research
publication: international standards for authors" from COPE
(http://publicationethics.org/files/International%?20standards_authors_for%?20website_11_Nov_2011_0.pdf)

Guidelines in the US and Canada, Europe and Australia specifically state that hypothermia (use of ice
slurries) is not an acceptable method for killing fish in the research environment.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential conflicts of interest include
employment, consultancies, stock ownership, honoraria, paid expert testimony, patent applications/
registrations, and grants or other funding. Authors should complete the declaration of interest
statement using this template and upload to the submission system at the Attach/Upload Files step. If
there are no interests to declare, please choose: 'Declarations of interest: none' in the template. This
statement will be published within the article if accepted. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
orin any otherlanguage, including electronically without the written consent of the copyright- holder. To
verify originality, your article may be checked by the originality detection service Crossref Similarity
Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see "Multiple,
redundant or concurrent publication' for more information).

AUTHOR INFORMATION PACK 4 Apr 2020 www.elsevier.com/locate/foodchem 7


http://www.elsevier.com/locate/foodchem
http://ees.elsevier.com/foodchem
https://www.elsevier.com/about/policies/publishing-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
http://publicationethics.org/files/International%20standards_authors_for%20website_11_Nov_2011_0.pdf)
https://www.elsevier.com/declaration-of-competing-interests
http://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior to
another on the grounds of race, sex, culture or any other characteristic, and should use inclusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her' instead of 'he' or 'his', and by making use of job titles that are free of stereotyping
(e.g. 'chairperson' instead of 'chairman' and 'flight attendant’ instead of 'stewardess').

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

All authors should have made substantial contributions to all of the following: the conception and
design of the study, or acquisition of data, or analysis and interpretation of data drafting the article or
revising it critically for important intellectual content final approval of the version to be submitted.

If all 3 of these conditions are not met, a person does not qualify as an author, and any contribution
made by them should be mentioned in the Acknowledgements section of the manuscript.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editor. To request such a change,
the Editor must receive the following from the corresponding author: (a) the reason for the change
in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

It is the policy of Food Chemistry that no additions, deletions or changes to authorship of
a paper will be permitted after the article is accepted.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of
this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

This journal offers authors a choice in publishing their research:
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Subscription
e Articles are made available to subscribers as well as developing countries and patient groups through
our access programs.
¢ No open access publication fee payable by authors.

Open access
¢ Articles are freely available to both subscribers and the wider public with permitted reuse.
e An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution.

Regardless of how you choose to publish your article (subscription or open access), the journal will
apply the same peer review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Authors wishing to publish open access can choose to publish open access in Food Chemistry: X
[https://www.journals.elsevier.com/food-chemistry-x], the open access mirror journal of Food
Chemistry. One, unified editorial team manages the peer-review for both titles using the same
submission system. The difference between the journals is the access model under which the journals
will publish your work and the indexation status. Food Chemistry: X will be indexed in Scopus if the
parent is also indexed there; if the parent is indexed in MEDLINE, then Food Chemistry: X will also be
eligible for fast inclusion in PubMed Central. However, please note that Food Chemistry: X will not have
a CiteScore or Impact Factor initially. Applications for inclusion in Science Citation Index / Social
Sciences Citation Index and any other relevant citation indexing databases will be made as soon as
possible.

The authors choice of publishing model will determine in which journal, Food Chemistry or Food
Chemistry: X, the accepted manuscript will be published. The choice of publishing model will be blinded
to referees, ensuring the editorial process is identical.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy offers
several interactive modules, webinars, downloadable guides and resources to guide you through the
process of writing for research and going through peer review. Feel free to use these free resources to
improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for revision,
is sent by e-mail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in the submission system, or a department.

Authors are required to submit with their articles, the names, complete affiliations (spelled out),
country and contact details (including current and valid (preferably business) e-mail address) of five
potential reviewers. Email addresses and reviewer names will be checked for validity. Your potential
reviewers should not be from your institute, and at least two should be from countries other
than those of the authors. Authors should not suggest reviewers with whom they have collaborated
within the past two years. Your submission will be rejected if these are not supplied.
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Names provided may be used for other submissions on the same topic. Reviewers must have specific
expertise on the subject of your article and/or the techniques employed in your study. Briefly state
the appropriate expertise of each reviewer (not simply "has an interest in this topic").

A peer review system involving at least two reviewers is used to ensure high quality of manuscripts
accepted for publication. The Managing Editor and Editors have the right to decline formal review of a
manuscript when it is deemed that the manuscript is on a topic outside the scope of the Journal; makes
no contribution to the advancement of the chemistry of foods is lacking technical or scientific merit; is
focused on foods or processes that are of narrow regional scope and significance; is fragmentary and
providing marginally incremental results; reports only routine work (lacks novelty) oris poorly written.

PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Use of wordprocessing software

General: Manuscripts must be typewritten, double-spaced with 2 cm margins. Each page must be
numbered, and lines must be consecutively humbered from the start to the end of the manuscript.
Good quality printouts with a font size of 12 or 10 pt are required. The corresponding author should
be identified (include a valid E-mail address). Full postal and email addresses must be given for all co-
authors. Authors should consult a recent issue of the journal for style if possible. The Editors reserve
the right to adjust style to certain standards of uniformity.

Article structure

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text
(Introduction, Material and Methods, Results, Conclusion), Acknowledgements, Appendix, References,
Figure Captions. The corresponding author should be identified with an asterisk and footnote. All other
footnotes (except for table footnotes) should be identified with superscript Arabic numbers. The title of
the paper should unambiguously reflect its contents.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the full given name(s) and family name(s)
of each author and check that all names are accurately spelled. Please ensure that names are listed
in the order first name/FAMILY NAME (e.g. Marie CURIE) - this will ensure they are listed correctly in
indexing services. Present the authors' affiliation addresses (where the actual work was done) below
the names. Indicate all affiliations with a lower-case superscript letter immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each affiliation,
including the country name and, if available, the e-mail address of each author.

e Corresponding author. Clearly indicate the one author who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the novel
results of your research as well as new methods that were used during the study (if any). Please have a
look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point).
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstractitself.

The abstract should not exceed 150 words.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Hypotheses

Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such statements should
be clear, concise, and declarative. The statement should describe the one or more key hypotheses that
the work described in the manuscript was intended to confirm or refute. Inclusion of a hypothesis
statement makes it simple to contrast the hypothesis with the most relevant previous literature and
point out what the authors feel is distinct about the current hypothesis (novelty). It also permits the
authors to describe why they feel it would be important to prove the hypothesis correct (significance).
The hypothesis shall be stated in the introductory section, and the conclusion section shall include
your conclusion about whether the hypothesis was confirmed or refuted, as well as describing any
new hypotheses generated by the work described. Here is an example of a famous, excellent
hypothesis statement; declarative, concise, clear, and testable: "Equal volumes of gases, at the
same temperature and pressure, contain equal numbers of molecules." Lorenzo Romano
Amedeo Carlo Avogadro di Quareqga e di Carreto (Avogadro), 1811

Chemical compounds

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database
and display it next to the online version of the article on ScienceDirect. You can include up to 10 names
of chemical compounds in the article. For each compound, please provide the PubChem CID of the
most relevant record as in the following example: Glutamic acid (PubChem CID:611). Please position
the list of compounds immediately below the 'Keywords' section. It is strongly recommended to follow
the exact text formatting as in the example below:

Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865)

More information.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI. Temperatures should be given in degrees
Celsius. The unit 'billion' is ambiguous and should not be used.
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Abbreviations for units should follow the suggestions of the British Standards publication BS 1991.
The full stop should not be included in abbreviations, e.g. m (not m.), ppm (not p.p.m.); % and '/’
should be used in preference to 'per cent' and 'per'. Where abbreviations are likely to cause ambiguity
or might not be understood easily by an international readership, units should be spelled out in full.
Statistics

Appropriate application of statistical analysis should be applied throughout the article.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
e Embed the used fonts if the application provides that option.
¢ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
 Number the illustrations according to their sequence in the text.
e Use a logical naming convention for your artwork files.
e Size the illustrations close to the desired dimensions of the published version.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.

Figures
Photographs, charts and diagrams are all to be referred to as "Figure(s)" and should be
numbered consecutively in the order to which they are referred. All illustrations should be
clearly marked with the figure number and the first author's name.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
e Supply files that are too low in resolution;
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure Captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option in
Microsoft Office files as these will appear in the published version.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Example: CTAHR (College of Tropical Agriculture and Human Resources, University of
Hawaii). Tea (Camellia sinensis) a New Crop for Hawaii, 2007. URL
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/tea_04_07.pdf. Accessed 14.02.11.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in
your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly identify
it as a data reference. The [dataset] identifier will not appear in your published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will
be automatically formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management
software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/food-chemistry

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

All publications cited in the text should be presented in a list of references following the text of the
manuscript. See Types of Paper for reference number limits. In the text refer to the author's name
(without initials) and year of publication (e.g. "Steventon, Donald and Gladden (1994) studied the
effects..." or "...similar to values reported by others (Anderson, Douglas, Morrison & Weiping,
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1990)..."). For 2-6 authors all authors are to be listed at first citation. At subsequent citations use first
author et al.. When there are more than 6 authors, first author et al. should be used throughout the
text. The list of references should be arranged alphabetically by authors' names and should be as full
as possible, listing all authors, the full title of articles and journals, publisher and year. The manuscript
should be carefully checked to ensure that the spelling of authors' names and dates are exactly the
same in the text as in the reference list.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Sixth Edition, ISBN 978-1-4338-0561-5, copies of which may be ordered online or APA Order Dept.,
P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, e00205.https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter
4).

Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing
Inc.

Reference to a website:

Cancer Research UK. Cancer statistics reports for the UK. (2003). http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ Accessed 13 March 2003.

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwjo98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F.,, & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to
the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.
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Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding of
the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
one or multiple data articles, a new kind of article that houses and describes your data. Data articles
ensure that your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly
available to all upon publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your research article is
accepted, your data article will automatically be transferred over to Data in Brief where it will be
editorially reviewed and published in the open access data journal, Data in Brief. Please note an open
access fee of 600 USD is payable for publication in Data in Brief. Full details can be found on the Data in
Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access or
unsuitable to post, you will have the opportunity to indicate why during the submission process, for
example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a data file.
Full instructions.

After submission
Click HERE to see what may happen to your manuscript once it is submitted.

AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
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We will do everything possible to get your article published quickly and accurately. Please use
this proof only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. It is important to ensure that all corrections are sent back to us in one
communication. Check carefully before replying. This is your last opportunity to correct errors.
Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Author Services. Corresponding authors who have
published their article gold open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through the
article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article
will be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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LWT - Food Science and Technology is an international journal that publishes innovative papers in the
fields of food chemistry, biochemistry, microbiology, technology and nutrition. The work
described should be innovative either in the approach or in the methods used. The significance of the
results either for the science community or for the food industry must also be specified. Contributions
written in English are welcomed in the form of review articles, short reviews, research papers, and
research notes. Papers featuring animal trials and cell cultures are outside the scope of the journal
and will not be considered for publication.
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IFIS, Chemical Abstracts, Dairy Science Abstracts, Food Science and Technology Abstracts and
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Benefits to authors
We also provide many author benefits, such as free PDFs, a liberal copyright policy, special discounts
on Elsevier publications and much more. Please click here for more information on our author services .

Please see our Guide for Authors for information on article submission. If you require any further
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GUIDE FOR AUTHORS

INTRODUCTION

LWT - Food Science and Technology is an official journal of the Swiss Society of Food Science and
Technology (SGLWT/SOSSTA) and the International Union of Food Science and Technology (IUFoST).

LWT - Food Science and Technology is an international journal that publishes innovative papers in the
fields of food chemistry, biochemistry, microbiology, technology and nutrition. The work described
should be innovative either in the approach or in the methods used. The significance of the results
either for the science community or for the food industry must also be specified. Contributions that do
not fulfil these requirements will not be considered for review and publication. Submission of a paper
will be held to imply that it presents original research, that it has not been published previously, and
that it is not under consideration for publication elsewhere.

Papers featuring animal trials and cell cultures are outside the scope of the journal and will not be
considered for publication.

e Manuscript-text must be saved as either a MS Word, Word Perfect, RTF, TEX or Plain ASCII file.
Continuous line numbering must be added and the text must be double spaced.

e Research papers must be no longer than 5500 words, including abstract, but without tables, figures,
the corresponding legends and references.

e Short communications must be no longer than 3000 words including abstract, but without tables,
figures, the corresponding legends and references. The number of tables/figures should be limited to
2 or 3.

e Abstracts must not be longer than 200 words.

¢ You must include Keywords (< 5).

e Contact details of at least 3 suggested reviewers (name, affiliation and email address) must be
included.

e Highlights must be included (a summary of your main achievements in 3-5 bullet points no more
than 85 characters each).

e Figures and tables must be submitted as separate files and are clearly labeled.

e The international system of units (SI units) must be used only.

¢ If analytical data are reported in tables and/or figures: Number of replications should be mentioned
in the legend or a footnhote and standard error or other evidence of reliability of data must be given.

e Your Cover letter should explain the novelty of the research presented, that your paper presents
original research, that it has not been published previously and that it is not under consideration for
publication elsewhere.

e For reviews: please check the homepage and Guide for Authors for detail.

¢ Please note that this list is not extensive and purely highlights the most important aspects of a
submission. For full details on all article types please refer to the online Guide for Authors at
https://www.elsevier.com/journals/Iwt-food-science-and-technology/0023-6438/guide-for-authors.

Three types of peer-reviewed papers will be published:

Review articles. These concise reviews should present a focused aspect on a topic of current interest
or an emerging field. They are not intended as comprehensive literature surveys covering all aspects of
the topic, but should include all major findings and bring together reports from a number of sources. They
should aim to give balanced, objective assessments by giving due reference to relevant published work,
and not merely present the prejudices of individual authors or summarise only work carried out by the
authors or by those with whom the authors agree. Undue speculation should also be avoided. These
reviews will receive priority in publication.

The reviews may address pertinent issues in food science, technology, processing, nutritional aspects
of raw and processed foods and may include nutraceuticals, functional foods, use of "omics" in food
quality, food processing and preservation, and food production.

Topics to be covered should be at the cutting edge of science, well thought out, succinct, focused and
clear. Ideally, the review should provide a view of the state of the art and suggest possible future
needs and trends.

All articles will be subjected to peer review process.
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Submit an abstract of the proposed review to the Editor in Chief (Professor Rakesh Singh),
rsingh@uga.edu for consideration prior to preparing the full length manuscript. Abstract of the
proposed work should include the following:

a. The abstract should identify the need for the proposed article, the intended audience, and five

key words.

b. Title (120 characters or less)

c. Short abstract (< 300 words).

d. Identify the address and contact information for the contact author. The contact information should

include author name, postal address, telephone number, fax number, and email.

e. Anticipated time needed to complete the proposed work once the initial abstract has been approved.

Manuscript Preparation
a. All lines and pages must be continuously numbered.
b. All text should be double-spaced.
c. Total manuscript length < 5,000 words (text portion).
d. Total number of Tables < 5.
e. Total number of figures < 5.
f. Maximum number of references (including those cited in tables and figures) not to exceed 50.
g. In the reference list identify five (5) key references (indicated by an * in front of the reference in
the reference section). In two to three sentences explain why this reference is a key reference.

Research papers. Reports of complete, scientifically sound, original research which contributes new
knowledge to its field. The paper must be organised as described in Article Structure below. Papers
should not exceed 5500 words (approximately 18 typed double-spaced pages) including abstract but
without tables, figures, the corresponding legends and references. All lines and pages must be
continuously numbered.

Short communications. Brief reports of scientifically sound, original research of limited scope of new
findings. Short communications have the formal organisation of a full paper. Such notes will receive
priority of publication. Short communications should not exceed 3000 words (approximately 9 typed
double-spaced pages) including abstract but without tables, figures, the corresponding legends and
references. All lines and pages must be continuously numbered.

Submission for all types of manuscripts to LWT - Food Science and Technology proceeds totally online.
Via the Editorial Manager (EM) website for this journal, https://www.editorialmanager.com/lwt/, you
will be guided step-by-step through the creation and uploading of the various files.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:
Manuscript:
¢ Include keywords
¢ All figures (include relevant captions)
o All tables (including titles, description, footnotes)
e Ensure all figure and table citations in the text match the files provided
e Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations
e Manuscript has been 'spell checked' and 'grammar checked'
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o All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

o Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

By submitting this manuscript, the authors agree that text, equations, or figures from previously
published articles or books have been clearly identified in full and their origin clearly explained in the
adjacent text, with appropriate references given at the end of the paper. Duplication of text is rarely
justified, even with diligent referencing. Exceptions may be made for descriptions of standard
experimental techniques, or other standard methods used by the author in the investigation; but an
appropriate citation is preferable. Authors who duplicate material from their own published work in a
new article, without clearly identifying the repeated material and its source as outlined above, are
self-plagiarising.

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as per
those recommendations.Authors should include a statement in the manuscript that informed consent
was obtained for experimentation with human subjects. The privacy rights of human subjects must
always be observed. Sensory tests with consumers fall in this category: approval of an institutional
Ethics commission or equivalent is required, and that the decision number must be provided.All animal
experiments should comply with the ARRIVE guidelines and should be carried out in accordance with
the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/
EU for animal experiments, or the National Institutes of Health guide for the care and use of Laboratory
animals (NIH Publications No. 8023, revised 1978) and the authors should clearly indicate in the
manuscript that such guidelines have been followed. The sex of animals must be indicated, and where
appropriate, the influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of
the journal's official records. It is important for potential interests to be declared in both places and
that the information matches. More information.

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
orin any other language, including electronically without the written consent of the copyright- holder. To
verify originality, your article may be checked by the originality detection service Crossref Similarity
Check.
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Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible to
avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to be
submitted.

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editor. To request such a change,
the Editor must receive the following from the corresponding author: (a) the reason for the change
in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of
this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
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excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy offers
several interactive modules, webinars, downloadable guides and resources to guide you through the
process of writing for research and going through peer review. Feel free to use these free resources to
improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for revision,
is sent by e-mail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in Editorial Manager, or a department.

Review Process

A peer review system involving two or three reviewers is used to ensure high quality of manuscripts
accepted for publication. The Editor-in-Chief and Editors have the right to decline formal review of the
manuscript when it is deemed that the manuscript is 1) on a topic outside the scope of the Journal,
2) lacking technical merit, 3) focused on foods or processes that are of narrow regional scope and
significance, 4) fragmentary and provides marginally incremental results, or 5) is poorly written.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Peer Reviews

It is the journal policy to keep the peer reviewing anonymous. Names of reviewers are only revealed if
they are in agreement with the request of the author. When submitting a manuscript, authors may
indicate names of experts who are not suitable/appropriate for reviewing the paper.
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PREPARATION

For questions about the editorial process (including the status of manuscripts under review) please
contact us at https://service.elsevier.com/. For technical support on submissions please check here.

This journal operates a single anonymized review process. All contributions will be initially assessed by
the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types of
peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts
etc. When preparing tables, if you are using a table grid, use only one grid for each individual table
and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. The electronic
text should be prepared in a way very similar to that of conventional manuscripts (see also the Guide
to Publishing with Elsevier). Note that source files of figures, tables and text graphics will be required
whether or not you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

All lines must be consecutively numbered throughout the manuscript.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.
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e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of
each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of your
research as well as new methods that were used during the study (if any). Please have a look at the
examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstractitself.

Abstracts should not exceed 200 words for Research papers and Short communications, or 300 words
for Review articles.

Immediately after the abstract, provide a maximum of 5 keywords, using British spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.

If possible the Food Science and Technology Abstracts (FSTA) Thesaurus should be used (IFIS Publ.,
Shinfield, Reading RG2 9BB, UK http://www.foodScienceCentral.com).

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]l;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Do not use %, ppm, M, N, etc. as units for concentrations. If analytical data are reported, replicate
analyses must have been carried out and the number of replications must be stated.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
e Embed the used fonts if the application provides that option.
e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
e Number the illustrations according to their sequence in the text.
¢ Use a logical naming convention for your artwork files.
¢ Provide captions to illustrations separately.
e Size the illustrations close to the desired dimensions of the published version.
e Submit each illustration as a separate file.
e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
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e Supply files that are too low in resolution;
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Figures must be comprehensible without reference to the text. Ensure that each illustration has a
caption. Supply captions separately, not attached to the figure. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the illustrations themselves
to a minimum but explain all symbols and abbreviations used in the caption. If analytical data are
reported, replicate analyses must have been carries out. State the number of replications and provide
standard error or other evidence of reliability of the data.

Number tables consecutively in accordance with their appearance in the text. Include a short but
informative title. Provide the experimental conditions, as far as they are necessary for understanding.
The reader should not have to refer to the text in order to understand the tables.

Place footnotes to tables below the table body and indicate them with superscript lowercase letters.
Avoid vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

If analytical data are reported, replicate analyses must have been carried out. State the number of
replications and give standard error or other evidence of reliability of data.

Probabilities may be indicated by * P < 0.05, ** P < 0.01 and *** P < 0.001.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

All citations in the text should refer to:
1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication (Smith, 2003);
2. Two authors: both authors' names and the year of publication (Smith & Jones, 2004);
3. Three, four or five authors: all authors names and year of publication (Smith, Jones, & Brown,
2005). For all subsequent citations of this work use et al. (Smith et al., 2005).
4. Six or more authors: first author's name followed by et al. and the year of publication (Black et
al., 2007).

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in
your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly identify
it as a data reference. The [dataset] identifier will not appear in your published article.
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References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will
be automatically formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management
software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/Iwt-food-science-and-technology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 978-1-4338-3215-4, copies of which may be ordered online.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.s¢c.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, Article e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman (Chapter 4).
Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). E-Publishing Inc.
Reference to a website:

Powertech Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-analysis/.
Accessed January 6, 2016

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., & Nakashizuka, T. (2015). Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwjo98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
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size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills'
with your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and animation cannot
be embedded in the print version of the journal, please provide text for both the electronic and the
print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option in
Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to
the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding of
the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.
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Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access or
unsuitable to post, you will have the opportunity to indicate why during the submission process, for
example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back to
us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will be
published.
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DESCRIPTION

We are pleased to announce that Food Research International has been accepted in
MEDLINE as of March 7th, 2017.

Food Research International provides a forum for the rapid dissemination of significant novel and high
impact research in food science, technology, engineering and nutrition. The journal only publishes
novel, high quality and high impact review papers, original research papers and letters to the editors,
in the various disciplines encompassing the science and technology of food. It is journal policy to
publish special issues on topical and emergent subjects of food research or food research- related
areas. Special issues of selected, peer-reviewed papers from scientific meetings, workshops,
conferences on the science, technology and engineering of foods will be also published.

Food Research International is the successor to the Canadian Institute of Food Science and Technology
Journal. Building on the quality and strengths of its predecessor, Food Research International has been
developed to create a truly international forum for the communication of research in food science.

Topics covered by the journal include:

food chemistry food microbiology and safety microbiome food toxicology materials science of
foods food engineering physical properties of foods sensory science food quality health and
nutrition food biophysics analysis of foods food nanotechnology emerging technologies

Subjects that will not be considered for publication in Food Research International, and will be
rejected as being outside of scope, include :

Studies testing different formulations and ingredients leading to the choice of the best formulation or
ingredient to be used in the manufacture of a specified food; Optimization studies aiming to determine
processing conditions and/or raw materials that increase the yield of a production process or improve
nutritional and sensorial qualities; Studies describing the production of ingredients and only their
characterization without a strong mechanistic emphasis; Studies describing the biological activity of
foods lacking identification of the compounds responsible for the reported activity will not be published.
This is also valid for any other chemical compounds such as phytochemicals and minor components of
foods. Compounds of interest need to be characterized at least by mass spectrometry- based methods.
Studies that do not clearly prove the relationship between the structure of the compounds and their
activity; Fingerprinting studies lacking molecular insights and validation sets; Studies on antimicrobial
compounds that do not consider a validation step in foods, lacking full data on chemical composition
indicating the compounds responsible for the inhibitory activity and, when appropriate, the use of
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molecular biology approaches to support the findings; Development
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of analytical methods not comprising a validation step in situ that represent the range of conditions
faced during their application will not be considered; Surveys of chemical, nutritional, physical and
microbiological hazards will not be considered. Only papers presenting a significant data set, wide
coverage, novel and supported by adequate chemical or microbiological techniques will be considered;
Pharmacology and nutritional studies papers focusing in hosts rather than in foods. Pharmacology and
nutritional studies that do not contain bioavailability or biofunctionality. Engineering studies lacking of
mathematical verification or validation in situ, when appropriate; Fragmented studies, of low scientific
quality, or poorly written. Studies with no food component.

IMPACT FACTOR
2019: 4.972 © Clarivate Analytics Journal Citation Reports 2020
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EDITORIAL BOARD

Editor-in-Chief

Anderson Sant'Ana, State University of Campinas, Campinas, Sao Paulo, Brazil

Food microbiology, Food safety, Food science, Probiotics, Foodborne pathogens, Mycotoxins, Fungi,
Sporeforming bacteria, Food processing

Associate Editors

Emerging Technologies
Tian Ding, Zhejiang University, Hangzhou, China
Emerging technology, nonthermal technology, foodborne pathogens, microbiological risk assessment

Food Chemistry and Analysis

Vural Gokmen, Hacettepe University, Ankara, Turkey
Patricia Valentao, University of Porto Faculty of Pharmacy, Porto, Portugal
Natural Products, Phenolic compounds, Antioxidant, Diabetes, Inflammation

Food Engineering and Materials Science of Foods

Pedro Esteves Duarte Augusto, University of Sao Paulo Department of Agribusiness Food and Nutrition,
PIRACICABA, Brazil

Food Microbiology, Safety and Quality
Vasilis P. Valdramidis, University of Malta, Department of Food Sciences and Nutrition, Msida, Malta
Food microbiology, predictive microbiology, non-thermal technologies, food processing

Food Omics
Alessandra Bordoni, University of Bologna Department of Agri-Food Sciences and Technologies, Bologna, Italy
Nutrition
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Food Toxicology
Bruno De Meulenaer, Ghent University, Gent, Belgium

Functional Foods

Baojun (Bruce) Xu, Beijing Normal University-Hong Kong Baptist University United International College, Food
Science and Technology Program, Tangjiawan, China

Functional food, phytochemicals, nutraceuticals, health promoting effects, bioactive food
components.

Microbiome
Francesca De Filippis, University of Naples Federico II, Napoli, Italy

Nutrigenomics
Alan Mackie, University of Leeds, Leeds, United Kingdom

Sensory Aspects of Foods

Han-Seok Seo, University of Arkansas, Fayetteville, Arkansas, United States of America
Sensory science, Cross-modal interaction, Consumer behavior, Food psychology, Neuroscience

Review Editor

Jose Manuel Lorenzo Rodriguez, Meat Technological Centre, Ourense, Spain
Food Science and Technology

Editorial Board Members

Nathalia D. Aceval Arriola, National University of the East, Ciudad Del Este, Paraguay Bioactive
compounds, food chemistry, polyphenols, encapsulation, food metabolomics Halise Giil

Akilhloglu, Hacettepe University, Ankara, Turkey

Gitana Alencikiene, Kaunas University of Technology, Kaunas, Lithuania

Arzu Altunkaya, Republic of Turkey Ministry of Agriculture and Forestry, Ankara, Turkey

Avelino Alvarez-Ordéiiez, Teagasc Food Research Centre Moorepark, Moorepark, Ireland

Emilio Alvarez Parrilla, Autonomous University of Ciudad Juarez Department of Biochemistry, Chihuahua,
Mexico

Antioxidants, Food chemistry

Saber Amiri, Orumieh University, Urmia, Iran

Biopolymers, Biomaterials, Natural hydrogels, Encapsulation, Bioactivity

Paula Andrade, University of Porto, Porto, Portugal

Adriane Antunes de Moraes, State University of Campinas School of Applied Sciences, Limeira, Brazil
Microbiology, probiotics, microbiota

Gaston Ares, University of the Republic Polo Technological Institute of Pando, Pando, Canelones, Uruguay
J. Fernando Ayala-Zavala, Center for Food Research and Development Emerging Technologies Laboratory,
Hermosillo, Sonora, Mexico

Joanna Banas, University of Agriculture in Krakow, Krakow, Poland

Nandika Bandara, University of Manitoba, Winnipeg, Manitoba, Canada

Nano encapsulation, bioactive delivery, Protein chemistry and technology, food nanotechnology, food
chemistry

Francisco J. Barba, University of Valencia Faculty of Pharmacy, Burjassot, Spain

Innovative Food Processing Technologies, Nutrients, Bioactive compounds, Bioactivity, Food Waste
Valorization.

Hongtao Bi, Northwest Institute of Plateau Biology Chinese Academy of Sciences, Xining, China

Neura Bragagnolo, State University of Campinas, Campinas, Sao Paulo, Brazil

Maria Brandao, Federal University of Minas Gerais, Belo Horizonte, Brazil

Pedro H. Campelo, Federal University of Amazonas, Manaus, Brazil

Emerging Technology, Starchmodification, Encapsulation, Food Drying, Amazonian products
Wilman Carrillo, Technical University of Ambato, Ambato, Ecuador

Proteins, antioxidants, quinoa, lysozyme, biocompounds

Mauricio Bonatto Machado de Castilhos, Sao Paulo State University Julio de Mesquita Filho Department of
Food Engineering and Technology, SAO JOSE DO RIO PRETO, Brazil

Miguel Angelo Cerqueira, International Iberian Nanotechnology Laboratory, Braga, Portugal

Food packaging; nanotechnology; functional foods; food preservation.

Maria Veronica Lisa Chandra-Hioe, University of New South Wales, Sydney, New South Wales, Australia
Sui Kiat Chang, South China Botanical Garden, Guangzhou, China

Functional Foods, Nutraceuticals, Bioactive compounds, Nutrition

Bingcan Chen, North Dakota State University, Fargo, North Dakota, United States of America

Lin Chen, Guangdong University of Technology - University Town Campus, Guangzhou, China
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Protein modification, Food emulsion, protein-polysaccharide interaction, Microgel particles, Food
texture and microstructure

Amanda Yucca Chulayo, Dohne Agricultural Development Institute, Stutterheim, South Africa

Animal Welfare, Nutrition, Biotechnology, Meat Science, Stress enzymes

Fook Yee Chye, Universiti Malaysia Sabah Faculty of Food Science and Nutrition, Kota Kinabalu, Malaysia
Microbial food safety, food fermentation, probiotic, prebiotic, food composition, natural
antimicrobial, food antioxidants, food safety management

Antonio Cilla, University of Valencia Faculty of Pharmacy, Burjassot, Spain

functional foods, bioactive compounds, bioaccessibility, bioactivity, oxidative stress

Georgiana Gabriela Codina, Stefan cel Mare University of Suceava, Suceava, Romania Fabiano

Jares Contesini, State University of Campinas, Campinas, Sao Paulo, Brazil

Ana Rodrigues Costa, Federal University of Minas Gerais, Belo Horizonte, Brazil

process engineering; emulsification; rheology; microfluidic; food packaging

Ciineyt DINGER, Akdeniz University, Antalya, Turkey

Julio Beltrame Daleprane, Rio de Janeiro State University, Rio de Janeiro, Brazil

Alessandra Del Caro, University of Sassari, Sassari, Italy

Mateo Alessandro Del Nobile, University of Foggia, Foggia, Italy

Disney Dias, Federal University of Lavras, Lavras, Brazil Fei

Ding, Qingdao Agricultural University, Qingdao, China Ezgi

Dogan Comert, Hacettepe University, Ankara, Turkey

Osman Duman, Akdeniz University, Antalya, Turkey

Aly Farag El Sheikha, McMaster University, Hamilton, Ontario, Canada

Gongjian Fan, Nanjing Forestry University College of Light Industry and Food Engineering, Nanjing, China
Food Chemistry; Food Biochemistry; Food Fermentation; Functional Food; Anthocyanin

Xi Feng, San Jose State University Department of Nutrition Food Science and Packaging, San Jose, California,
United States of America

Meat Science, Flavor Chemistry, Sensory Evaluation, Food Quality

Virginia Fernandez-Ruiz, Complutense University of Madrid, Madrid, Spain

Ilario Ferrocino, University of Turin, Torino, Italy

microbiome, food microbiota, gut, metagenomics

Susana Fiszman, Institute of Agrochemistry and Food Technology Research Department on Food Conservation
and Quality, Valencia, Spain

Texture creation; Texture modification; Food sensory perception; Food ingredient’s interaction; Food
oral processing

Ana Cristina Freitas, Centre of Biotechnology and Fine Chemistry, Porto, Portugal

Food Science and Technology, Microbiology, Functional Foods, Probiotics, Microencapsulation
Victor de Freitas, University of Porto, Porto, Portugal

EFSTATHIOS GIAOURIS, University of the Aegean, Mytilini, Greece

biofilms, food microbiology, food safety, foodborne pathogens, Salmonella enterica, Listeria
monocytogenes, Staphylococcus aureus, natural antimicrobials, disinfection, cell-to-cell interactions,
rapid methods

Charis Galanakis, Galanakis Laboratories, Chania, Greece

Food waste recovery, Food innovations, Food Waste valorization, COVID-19 food systems, Sustainable
food systems

Jose Alberto Gallegos Infante, Institute Tecnology of Durango, Durango, Dgo, Mexico

Manuela Giordano, University of Turin, Torino, Italy

Anupam Giri, SABIC Netherlands, Bergen op Zoom, Netherlands

Chromatography, Mass spectrometry, GCxGC, Food, Petroleum

Carlos Gomez-Corona, Firmenich de Mexico, Mexico City, Mexico

Sensory, Consumer research, multivariate statistics, social psychology, product experience
Neslihan Goncuoglu, Hacettepe University, Ankara, Turkey

Shela Gorinstein, Hebrew University of Jerusalem, Jerusalem, Israel

Luis Goya, Institute of Science and Technology Food and Nutrition, Madrid, Spain

Daniel Granato, Natural Resources Institute Finland, HELSINKI, Finland Aparna

H.S, University of Mysore Department of Biotechnology, Mysore, India Aytul

Hamzalioglu, Hacettepe University, Ankara, Turkey

Lili He, University of Massachusetts Amherst Department of Food Science, Amherst, Massachusetts, United
States of America

Food analysis, spectroscopy, chemical imaging, nanotechnology, food safety

En Huang, UNIVERSITY OF ARKANSAS FOR MEDICAL SCIENCES, Little Rock, Arkansas, United States of America
Shahzad Zafar Iqgbal, Government College University Faisalabad, Faisalabad, Pakistan

GOkgen Izli, Bursa Technical University, Bursa, Turkey

Maria Eugenia Jaramillo-Flores, National School of Biological Sciences, Ciudad de Mexico Mexico

Senem Kamiloglu, Bursa Uludag University, Bursa, Turkey

polyphenols, bioavailability, authenticity
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Panagiotis Kandylis, University of Patras Department of Chemistry, Patras, Greece

Meral Kilic-Akyilmaz, Istanbul Technical University, Istanbul, Turkey

Dairy Technology, Food Technology, Shelf life, Food rheology and texture, food waste

Hector Koolen, University of Amazonas State, MANAUS, Brazil

Ji Li, Nutraceutical Corp, Park City, Utah, United States of America

Polysaccharide, Plant Protein, Delivery System, Electrospinning, Sensory Evaluation

Marciane Magnani, Federal University of Paraiba, Department of Food Engineering, JOAO PESSOA, Brazil
Salmonella, essential oils, Probiotics, food safety, antimicrobial resistance

Alejandro Marangoni, University of Guelph Department of Food Science, Guelph, Ontario, Canada
Materials science of food components, Relationship between structure at different length scales and
physical properties, Crystallization and structure of edible fats, Structure and functionality of oleogels,
Mathematical description of natural processes

Jason McCallum, Agriculture and Agri-Food Canada, Ottawa, Ontario, Canada

Ilce Gabriela Medina-Meza, Michigan State University, East Lansing, Michigan, United States of America
Lauro Melo, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Adriana Mercadante, State University of Campinas, Campinas, Sao Paulo, Brazil

D. Mercer, University of Guelph Kemptville Campus, Kemptville, Ontario, Canada

Abhinav Mishra, The University of Georgia, Athens, Georgia, United States of America

Food Microbiology, Food Safety, Predictive Microbiology, Risk Analysis/Assessments, Microbial
Sampling Plans

Biswapriya Biswavas Misra, Wake Forest University School of Medicine, Winston-Salem, North Carolina, United
States of America

metabolomics, mass spectrometry, bioinformatics, phytochemistry, metabolic disease

Amin Mousavi Khaneghah, State University of Campinas, Campinas, Sao Paulo, Brazil

Food Toxicology; Food Contaminates; Risk assessment; Systematic review; Essential oils Yassine
Mrabet, National Institute of Research and Physico-Chemical Analysis, Sidi Thabet, Tunisia Voster
Muchenje, University of Fort Hare, Alice, RSA South Africa

Meat Science, Food Security, Sensory evaluation

Khamis Ali Omar, Zanzibar Food and Drug Agency, Zanzibar, Tanzania, United Republic of Milk

Fat; Vegetable Oil; Volatile Compounds; Triacylglycerol; Oxidative Stability Mircea

Oroian, Stefan cel Mare University of Suceava, Suceava, Romania

Emmanouil Papaioannou, Lancaster University, Lancaster, United Kingdom

Maria Teresa Pedrosa Silva Clerici, State University of Campinas, Campinas, Sdo Paulo, Brazil

Jara Pérez-Jiménez, Institute of Science and Technology Food and Nutrition, Madrid, Spain

Food chemistry, antioxidants, nutrition

Guillermo Petzold, University of Bio-Bio - Chillan Campus, Chillan, Chile

Gianluca Picariello, Institute of Food Sciences National Research Council, Avellino, Italy

Farhana Pinu, New Zealand Institute for Plant and Food Research Ltd, Auckland, New Zealand

Predrag Putnik, University North, Department of Food Technology, Koprivnica, Croatia

Statistics and Research Methodology, Experimental Design and Mathematical Modeling, Multivariate
Analysis, Food Processing and Extraction Technologies

Chaminda Senaka Ranadheera, University of Melbourne School of Agriculture and Food, Melbourne, Victoria,
Australia

Heber Rodrigues, Royal Agricultural University, Cirencester, United Kingdom

food representation; cross cultural; wine science; consumer science; unfamiliar food

Sascha Rohn, Technische Universitat Berlin, Institute of Food Technology and Food Chemistry, Department Food
Chemistry and Analysis, Berlin, Germany

Secondary plant metabolites, proteins, compound interactions

Donald Schaffner, Rutgers The State University of New Jersey, New Brunswick, New Jersey, United States of
America

Predictive microbiology, Modeling, microbial risk assessment, food safety

Stefano Sforza, University of Parma, Parma, Italy

Selim Silbir, Igdir University, Igdir, Turkey

Food Biotechnology, Food Chemistry, Spectroscopy, Optimisation, RSM Harjinder

Singh, Massey University Riddet Institute, Palmerston North, New Zealand UIf

Sonesson, Swedish Institute for Food and Biotechnology, Géteborg, Sweden

Weizheng Sun, South China University of Technology School of Food Science and Engineering, Guangzhou,
China

Food proteins; Peptide; Functional properties; Digestive behaviours; Sensors

Chuanhe Tang, South China University of Technology School of Food Science and Engineering, Guangzhou,
China

Food proteins; emulsions; functional properties; nanoencapsulation; bioaccessibility

Ittipon Techakriengkrai, Ramkhamhaeng University, Bangkok, Thailand

Zi Teng, University of Maryland at College Park, College Park, Maryland, United States of America

Gian Carlo Tenore, University of Naples Federico II, Napoli, Italy
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Nutraceuticals and bioactive compounds, antioxidant activity, encapsulation of herbal extracts
Rohan Tikekar, University of Maryland at College Park, College Park, Maryland, United States of America
Rosanna Tofalo, University of Teramo, Teramo, Italy

Antonio Dario Troise, University of Naples Federico II, Napoli, Italy

Maillard reaction, mass spectrometry, analytical chemistry, food chemistry, glycation
Elizabeth Troncoso Ahués, Metropolitan Technological University, Santiago, Chile

LIPID; FOOD MATRIX; BIOAVAILABILITY; IN VITRO DIGESTION

Uthumporn Utra, Science University of Malaysia School of Industrial Technology, Penang, Malaysia
Domenique Valentin, University of Burgundy, Dijon, France

Manuel Viuda-Martos, Miguel Hernandez University of Elche Agro-Food Technology Department, Orihuela,
Spain

Coproducts, Fibre, Antioxidant, Antibacterial, Foods

Bin Wang, Zhejiang Ocean University, Zhoushan, China

Bioactive peptide; Collagen; Antioxidant activity; Functional Foods

Guor-Jien Wei, Chinese Academy of Agricultural Sciences, Beijing, China

Jenny Weissbrodt, Symrise AG, Holzminden, Germany

Microencapsulation, Flavour, Delivery, Engineering, Food Technology

Marek Wesolowski, Medical University of Gdansk, Gdansk, Poland

Yingwang Ye, Hefei University of Technology, Hefei, China

Swee Keong Yeap, Xiamen University, Xiamen, China

Chi-Tai Yeh, Taipei Medical University, Taipei, Taiwan

Cemile Yilmaz, Hacettepe University, Ankara, Turkey

Yusuf Yilmaz, Burdur Mehmet Akif Ersoy University, Burdur, Turkey

Long Yu, CSIRO Australian Manufacturing and Materials Precinct, Clayton, Australia

Biao Yuan, China Pharmaceutical University, Nanjing, China

Nutraceuticals, Functionality, Delivery systems, Proteins, Polysaccharides

Umut Yucel, Kansas State University, Manhattan, Kansas, United States of America

Giovani Leone Zabot, Federal University of Santa Maria - Cachoeira do Sul Campus, Cachoeira do Sul, Brazil
Food processing; extraction; supercritical fluids; hydrolysis; emulsions

Wei-Cai Zeng, Sichuan University College of Biomass Science and Engineering, Chengdu, China
Haifeng Zhao, South China University of Technology, Guangzhou, China

Sladana Zili¢, Maize Research Institute Zemun Polje, Beograd, Serbia
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GUIDE FOR AUTHORS

INTRODUCTION

Food Research International is the successor to the Canadian Institute of Food Science and Technology
Journal. Building on the quality and strengths of its predecessor, Food Research International has been
developed to create a truly international forum for the communication of research in food science.

Food Research International provides a forum for the rapid dissemination of significant novel and high
impact research in food science, technology, engineering and nutrition. The journal only publishes
novel, high quality and high impact review papers, original research papers and letters to the editors,
in the various disciplines encompassing the science and technology of food. It is journal policy to
publish special issues on topical and emergent subjects of food research or food research- related
areas. Special issues of selected, peer-reviewed papers from scientific meetings, workshops,
conferences on the science, technology and engineering of foods will be also published.

Food Research International does not publish papers with a product development emphasis, statistical
optimizations of processes or surveys. This is based on the editorial policy of the journal to publish
more fundamental work with a strong quantitative emphasis and of a general nature.

Topics covered by the journal include:

Emerging Technologies Sensory Aspects of Foods Food Toxicology Food Chemistry and Analysis Food
Omics Nutrition, health and food digestion Food Engineering and Materials Science of Foods Functional
Foods Food Microbiology, Safety and Quality

Please also refer to the list of subjects not considered in Food Research International before you submit
your paper. These topics can be found in the full aims and scope of the journal.

Research papers - original full-length research papers which have not been published previously,
except in a preliminary form, and should not exceed 6,000 words. The word count refers to the text of
the manuscript per se, i.e., references, figures and tables are not considered. Review articles - will be
accepted in all areas of food science covered by the scope of the journal. Review articles focused on
recent literature published (for example, over the previous 2-5 years) as well as comprehensive and
definitive reviews will be considered.Review papers must contain critical assessment of literature and
may also contains author's views on the subject. There are no word counts and reference numbers
limit for review papers. Short communications - Food Research International does not publish short
communication papers. Letters to the Editor - Letters are published from time to time on matters of
topical interest. Book Reviews

Food Research International is concerned with safeguarding the rights and welfare of animals and
human research subjects. Authors must provide a letter with the approval from the ethics committee
from the respective University or research center where the study was performed.

The list of references must be as updated as possible. Making reference to recent work in the field is
particularly key to highlight the current context of the manuscript and to make it more comprehensive,
to highlight the novelty to the readers as well as its contribution to the field.

Submission for all types of manuscripts to Food Research International proceeds totally
online. Via the Editorial Manager (EM) website for this journal,
https://www.editorialmanager.com/foodres/default.aspx, you will be guided step-by-step through the
creation and uploading of the various files.

Questions regarding content of a proposed submission can be directed to:
foodresearchinternational@gmail.com.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:
e E-mail address
¢ Full postal address

All necessary files have been uploaded:
Cover Letter, clearly stating the novelty of your research
Manuscript:
e Include keywords
¢ All figures (include relevant captions)
¢ All tables (including titles, description, footnotes)
e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures inprint
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

¢ Journal policies detailed in this guide have been reviewed

o Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

If the work involves the use of human subjects, the author should ensure that the work described has
been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or
the manuscript file (if single anonymized). If there are no interests to declare then please state this:
'Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of
the journal's official records. It is important for potential interests to be declared in both places and
that the information matches. More information.
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Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
orin any other language, including electronically without the written consent of the copyright- holder. To
verify originality, your article may be checked by the originality detection service Crossref Similarity
Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see "Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible to
avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only before
the manuscript has been accepted and only if approved by the journal Editor. To request such a change,
the Editor must receive the following from the corresponding author: (a) the reason for the change
in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the
addition, removal or rearrangement. In the case of addition or removal of authors, this includes
confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version of
this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a
'License Agreement' (more information). Permitted third party reuse of gold open access articles is
determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy offers
several interactive modules, webinars, downloadable guides and resources to guide you through the
process of writing for research and going through peer review. Feel free to use these free resources to
improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Our online submission system guides you stepwise through the process of entering your article details
and uploading your files. The system converts your article files to a single PDF file used in the peer-
review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for revision,
is sent by e-mail.

Authors must provide and use an email address unique to themselves and not shared with another
author registered in EM, or a department. It is mandatory to upload a Cover Letter together with your
manuscript that explain in details the novelty of your research and why it is suitable for Food Research
International. If the novelty of your research is not clear, the paper can be rejected by the editors or
reviewers.

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION
This journal operates a single anonymized review process. All contributions will be initially assessed by

the editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
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for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors
are not involved in decisions about papers which they have written themselves or have been written
by family members or colleagues or which relate to products or services in which the editor has an
interest. Any such submission is subject to all of the journal's usual procedures, with peer review
handled independently of the relevant editor and their research groups. More information on types of
peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts
etc. When preparing tables, if you are using a table grid, use only one grid for each individual table
and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. The electronic
text should be prepared in a way very similar to that of conventional manuscripts (see also the Guide
to Publishing with Elsevier). Note that source files of figures, tables and text graphics will be required
whether or not you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

All pages of the manuscript must be numbered. All lines must be humbered continuously
throughout the manuscript.

General: Manuscripts must be typewritten, with 2 cm margins. Each page must be numbered, and
lines must be consecutively numbered from the start to the end of the manuscript. Good quality
printouts with a font size of 12 or 10 pt are required. The corresponding author should be identified
(include a valid E-mail address). Full postal and email addresses must be given for all co-authors.
Authors should consult a recent issue of the journal for style if possible. The Editors reserve the right
to adjust style to certain standards of uniformity.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Authors are encouraged to read the helpful notes on statistics applied in the planning of experiments
and assessment of results in the field of food science and technology. The more important univariate
and bivariate parametric and non-parametric methods, their advantages and disadvantages are
presented in "Observations on the use of statistical methods in Food Science and Technology by
Granato (http://www.sciencedirect.com/science/article/pii/S0963996913005723).
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Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords, Main text
(Introduction, Material and Methods, Results, Conclusion), Acknowledgements, Appendix, References.
The corresponding author should be identified with an asterisk and footnote. All other footnotes
(except for table footnotes) should be identified with superscript Arabic numbers. The title of the paper
should unambiguously reflect its contents.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

o Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of
each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-
mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of your
research as well as new methods that were used during the study (if any). Please have a look at the
examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point).

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstractitself.

Graphical abstract

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
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submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images
also in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide at least 6 keywords (maximum allowed: 12 keywords), using
American spelling and avoiding general and plural terms and multiple concepts (avoid, for example,
'‘and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. Keywords must be different from title to enhance searchability and findability. These
keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
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or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed in
the figure legend.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
e Embed the used fonts if the application provides that option.
e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
 Number the illustrations according to their sequence in the text.
¢ Use a logical naming convention for your artwork files.
¢ Provide captions to illustrations separately.
e Size the illustrations close to the desired dimensions of the published version.
e Submit each illustration as a separate file.
e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
e Supply files that are too low in resolution;
e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables must be placed on separate page(s)
at the end of the manuscript. Number tables consecutively in accordance with their appearance in the
text and place any table notes below the table body. Be sparing in the use of tables and ensure that
the data presented in them do not duplicate results described elsewhere in the article. Please avoid
using vertical rules.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
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references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

The list of references must be as updated as possible. Making reference to recent work in the field is
particularly key to highlight the current context of the manuscript and to make it more comprehensive,
to highlight the novelty to the readers as well as its contribution to the field.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in
your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year, and
global persistent identifier. Add [dataset] immediately before the reference so we can properly identify
it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies will
be automatically formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic
manuscript. More information on how to remove field codes from different reference management
software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/food-research-international

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological
Association. You are referred to the Publication Manual of the American Psychological Association,
Seventh Edition, ISBN 978-1-4338-3215-4, copies of which may be ordered online.

List: references should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article.
Journal of Scientific Communications, 163, 51-59. https://doi.org/10.1016/j.sc.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2018). The art of writing a scientific article.
Heliyon, 19, Article e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style (4th ed.). Longman (Chapter 4).
Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S.
Jones, & R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). E-Publishing Inc.
Reference to a website:
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Powertech Systems. (2015). Lithium-ion vs lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-analysis/.
Accessed January 6, 2016

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., & Nakashizuka, T. (2015). Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F,, & Jarry, J.L. (2009, November). The Body Image Behaviours Inventory-3:
Development and validation of the Body Image Compulsive Actions and Body Image Avoidance Scales.
Poster session presentation at the meeting of the Association for Behavioural and Cognitive Therapies,
New York, NY.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum size
of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply 'stills'
with your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and animation cannot
be embedded in the print version of the journal, please provide text for both the electronic and the
print version for the portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option in
Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to
the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding of
the research described.
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There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your
published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to
upload your relevant datasets directly to Mendeley Data. The datasets will be listed and
directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
confidential. The statement will appear with your published article on ScienceDirect. For
more information, visit the Data Statement page.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with
their proof corrections within two days. Corresponding authors will receive an e-mail with
a link to our online proofing system, allowing annotation and correction of proofs online.
The environment is similar to MS Word: in addition to editing text, you can also comment
on figures/tables and answer questions from the Copy Editor. Web-based proofing provides
a faster and less error-prone process by allowing you to directly type your corrections,
eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of
the text, tables and figures. Significant changes to the article as accepted for publication
will only be considered at this stage with permission from the Editor. It is important to
ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50
days free access to the final published version of the article on ScienceDirect. The Share
Link can be used for sharing the article via any communication channel, including email
and social media. For an extra charge, paper offprints can be ordered via the offprint
order form which is sent once the article is accepted for publication. Both corresponding
and co-authors may order offprints at any time via Elsevier's Author Services.
Corresponding authors who have published their article gold open access do not receive a
Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.
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AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted
article will be published.
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