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RESUMO

MICRONIZACAO COMO ALTERNATIVA PARA VALORIZACAO DO BAGACO
DE UVA: CARACTERIZACAO E APLICACAO EM SNACK EXTRUSADO

AUTORA: ANA BETINE BEUTINGER BENDER
ORIENTADORA: NEIDI GARCIA PENNA

O bagago de uva, residuo da vinificacdo, caracteriza-se por apresentar quantidade significativa
de fibra alimentar e compostos fendlicos. Grande parte destes compostos encontra-se
associada a matriz fibrosa. Modifica¢des fisicas, como a micronizacdo, vém sendo utilizadas
para alterar a funcionalidade da fibra alimentar, através da quebra de seus constituintes
poliméricos. Por tratar-se de material subutilizado pela inddstria vinicola, h& crescente
interesse pelo seu aproveitamento. Poucos estudos avaliam o efeito da incorporacdo dos
ingredientes micronizados em produtos alimenticios bem como a influéncia destes na
digestibilidade in vitro. Diante disto, o objetivo do presente estudo foi avaliar o efeito da
micronizacgdo sobre as caracteristicas fisico-quimicas da fibra do bagaco de uva com o intuito
de potencializar as propriedades funcionais de um produto extrusado. Foram avaliados 0s
efeitos da micronizacdo do bagago de uva e do seu concentrado de fibra nas fracGes de fibra
alimentar, propriedades fisico-quimicas, compostos fendlicos e capacidade antioxidante.
Delineamento fatorial com duas variaveis independentes (2%) - rotacdo e tempo - foi utilizado
para determinar as melhores condi¢cdes de moagem para aumentar o teor de fibra soltvel. Os
constituintes da fibra insollvel, como celulose e lignina, foram degradados parcialmente e 0s
teores diminuiram ap0s a moagem, resultando em maior teor de fibra sollvel, o que
demonstra a redistribuicdo dos compostos. A micronizagdo teve efeito significativo na
reducdo do tamanho de particula, como evidenciado pela microscopia eletrénica de varredura.
Os espectros de FT-IR revelaram altera¢fes nas bandas de absorc¢éo tipicas de polissacarideos.
Apo6s a moagem, a solubilidade dos p6s aumentou e as capacidades de retencdo de agua,
ligacdo ao Oleo e a cations diminuiram. Além disso, a micronizacdo melhorou a extracdo de
compostos fendlicos, principalmente catequina e epicatequina, e a capacidade antioxidante
avaliada pelos métodos ABTS e ORAC. Os resultados obtidos indicam que a micronizacéo
modifica a composicdo da fibra alimentar do bagacgo de uva, aumentando as possibilidades de
uso como ingrediente funcional na industria de alimentos. Desta forma, o bagago de uva e 0
bagaco de uva micronizado foram adicionados a um produto extrusado. Foram avaliadas as
caracteristicas fisico-quimicas, tecnoldgicas e sensoriais, incluindo o contedo de fendlicos e
antocianinas, a capacidade antioxidante e a digestibilidade do amido in vitro. A adi¢do de
bagaco influenciou a taxa de expansdo, densidade aparente e os indices de absor¢do e
solubilidade em agua. Quanto a composicdo, o teor de fibra alimentar total, insoltvel e
solivel aumentou nas formulagoes fortificadas. A inclusdo de bagago de uva e bagaco de uva
micronizado aumentou o contetdo de fenolicos totais, antocianinas monomeéricas totais e,
consequentemente, a capacidade antioxidante (métodos ABTS e ORAC). Os atributos cor e
sabor apresentaram os maiores escores na analise sensorial. A digestibilidade do amido in
vitro revelou aumento no teor de amido resistente nas formulagdes contendo bagacgo de uva,
que apresentaram menor indice glicémico. Os resultados demonstram que o0s produtos
extrusados fortificados com bagaco de uva e bagaco de uva micronizado apresentam
caracteristicas tecnoldgicas e funcionais interessantes e mostram-se como ingredientes
promissores para utilizagdo na inddstria de alimentos.

Palavras-chave: Extrusdo. Moagem ultrafina. Residuo agroindustrial. Vitivinicultura.






ABSTRACT

MICRONIZATION AS AN ALTERNATIVE FOR VALUATION OF GRAPE
POMACE: CHARACTERIZATION AND APPLICATION IN EXTRUDED
PRODUCT

AUTHOR: ANA BETINE BEUTINGER BENDER
ADVISOR: NEIDI GARCIA PENNA

Grape pomace, the winemaking by-product, is characterized by a significant amount of
dietary fiber and phenolic compounds. Most of these compounds are associated with the
fibrous matrix. Physical modifications, such as micronization, have been used to modify the
functionality of dietary fiber by caused by the breakdown of its polymeric constituents.
Because it is underused by the wine industry, there is growing interest in its use. Few studies
evaluate the effect of incorporation of micronized ingredients in food products as well as their
influence on in vitro digestibility. Therefore, the aim of the present study was to evaluate the
effect of micronization on the physicochemical properties of dietary fiber from grape pomace
in order to enhance the functional properties of an extruded product. The effects of
micronization of grape pomace and its fiber concentrate on dietary fiber fractions,
physicochemical properties, phenolic compounds, and antioxidant capacity were evaluated.
Factorial design with two independent variables (2%) — speed and time — was used to
determine the best milling conditions to increase the soluble fiber content. The insoluble fiber
constituents, such as cellulose and lignin, were partially degraded and the content decreased
after milling, resulting in higher soluble fiber content, which demonstrates the compound
redistribution. Micronization had a significant effect on reducing the particle size, as
evidenced by scanning electron microscopy. FT-IR spectra revealed changes in typical
absorption bands of polysaccharides. After milling, powder solubility increased and water
holding, oil and cation binding capacities decreased. Furthermore, micronization enhanced
phenolic compound extraction, mainly catechin and epicatechin, and the antioxidant capacity
evaluated by ABTS and ORAC assays. The results obtained indicate that micronization
modifies the dietary fiber composition of grape pomace, increasing possibilities for use as a
functional ingredient in the food industry. In this way grape pomace and micronized grape
pomace were added to an extruded product. Physicochemical, technological and sensory
characteristics, including phenolic and anthocyanin content, antioxidant capacity, and in vitro
starch digestibility, were evaluated. The addition of grape pomace influenced the expansion
ration, bulk density, and water absorption and solubility indexes. Regarding the composition,
total, insoluble and soluble fiber content increased in fortified formulations. The inclusion of
grape pomace and micronized grape pomace increased the total phenolic content, total
monomeric anthocyanin and, consequently, the antioxidant capacity (ABTS and ORAC
assays). The color and flavor attributes had the highest scores at the sensory analysis. The in
vitro starch digestibility showed an increased in resistant starch fraction with addition of grape
pomace and micronized grape pomace, which had lower glycemic index. The results
demonstrate that the extruded products fortified with grape pomace and micronized grape
pomace have interesting technological and functional characteristics, and could be considered
as promising ingredients for using in the food industry.

Keywords: Extrusion. Ultrafine grinding. Agro-industrial by-products. Vitiviniculture.
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APRESENTACAO

Essa tese segue as normas estabelecidas na Estrutura e Apresentacdo de Monografias,
Dissertacdes e Teses — MDT da UFSM (UFSM, 2015). Os resultados estdo apresentados na
forma de dois artigos cientificos e um manuscrito. Um dos artigos é uma revisao bibliografica
e esta publicado no periddico Ciéncia Rural. O outro artigo, com resultados da pesquisa, esta
publicado no periédico LWT — Food Science and Technology. O manuscrito, também com
resultados da pesquisa, estd em fase de preparacdo e encontra-se configurado de acordo com
as normas exigidas pelo periédico Food Bioscience. Os artigos bem como o manuscrito se
encontram no item DESENVOLVIMENTO. Ao final dessa tese, encontram-se os itens
DISCUSSAO e CONCLUSAO, apresentando compilacio de interpretagdes e comentarios a
respeito dos resultados apresentados nos artigos cientificos. As REFERENCIAS referem-se
somente as citacdes que aparecem nos itens INTRODUCAO, MATERIAIS E METODOS
e DISCUSSAO dessa tese.
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1 INTRODUCAO

A producédo de vinhos gera volumes consideraveis de residuos organicos sélidos, 0s
quais sdo descartados ou subaproveitados. Estima-se que 77 milhGes de toneladas de uvas sdo
produzidas mundialmente, principalmente cultivadas como Vitis vinifera (OIV, 2019), das
quais o bagaco de uva representa, aproximadamente, 20% do volume total (ROCKENBACH
et al., 2011). Os principais residuos da vinificacdo sdo separados durante as etapas de
esmagamento e prensagem das uvas, sendo que pequenas quantidades (3%) desses residuos
séo valorizados ou aproveitados na alimentacdo animal (BRENES et al., 2016; MONRAD et
al., 2010). Devido as propriedades quimicas e bioldgicas de seus constituintes, apresentam
potencial para diversas aplicacfes (MARTINS et al., 2016), tais como antioxidantes naturais e
suplementos alimentares (CHAMORRO et al., 2012; MONRAD et al, 2010). Além disso, 0
seu reaproveitamento pode contribuir para reduzir impactos ambientais e perdas econémicas,
além de representar avanco na manutencao do equilibrio do meio ambiente.

O bagaco de uva é constituido principalmente de cascas, sementes e residuos de polpa
(BRENES et al., 2016). Este residuo agroindustrial contém quantidades consideraveis de fibra
alimentar (entre 43 a 75%) e compostos fenolicos (GARCIA-LOMILLO; GONZALEZ-
SANJOSE, 2017; ZHU et al., 2015). Estima-se que, aproximadamente, 70% do contetido de
compostos fendlicos permanecem no bagaco apdés o processamento (DWYER,;
HOSSEININAN; ROD, 2014; GONZALEZ-CENTENO et al., 2010). Dentre estes, destacam-
se antocianinas, catequinas, flavondis, estilbenos e acidos fendlicos (MELO et al., 2015).
Fibra alimentar e compostos fendlicos apresentam indmeros beneficios para a satde humana,
incluindo a manutencdo da saude intestinal e a reducdo do risco de doencas cronicas,
incluindo cancer (MACAGNAN; SILVA; HECKTHEUER, 2016).

A funcionalidade da fibra alimentar pode ser alterada através de tratamentos fisicos,
como a moagem ultrafina ou micronizacdo, a qual reduz o tamanho das particulas para micro
escala (CHAU; WANG; WEN, 2007). Com a aplicacdo deste metodo, ocorre a quebra das
macromoléculas constituintes da fibra (hemicelulose, celulose e lignina), que séo
transformadas em compostos moleculares menores (ZHU; DU; LI, 2012). Consequentemente,
tem-se melhora nas propriedades fisico-quimicas e na capacidade antioxidante como resultado
da liberagdo de compostos fenolicos, fortemente ligados ou incorporados na matriz alimentar
(SPERONI et al., 2019).

Os consumidores tém buscado alimentos funcionais, que, além do seu valor

nutricional, propiciem beneficios as funcbes fisiologicas (SALGADO; GIRALDO;
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ORREGO, 2017). A inclusdo de ingredientes ricos em fibra alimentar e compostos fendlicos,
como o0 bagago de uva, em produtos alimenticios, tais como snacks, é uma 6tima alternativa
para inclusdo destes na dieta (BENDER et al., 2016). Os snacks sdo produzidos através da
extrusdo termoplastica — processo térmico que combina mistura, formacéo, texturizacdo e
cozimento de uma matéria-prima em um produto alimenticio (BRENNAN et al., 2013). A alta
temperatura e o cisalhamento formam uma massa fundida a partir do ingrediente amilaceo e,
em tempo de residéncia curto (15 a 30s), o material ndo coeso é convertido em nova estrutura
texturizada (CIAN et al., 2014). Além disto, durante a extrusdo pode ocorrer solubilizacdo da
fibra e melhora da digestibilidade e da biodisponibilidade dos nutrientes, visto que 0 processo
ocasiona a degradacdo das ligacGes glicosidicas dos polissacarideos e, consequentemente,
expde compostos de interesse (KHANAL; HOWARD; PRIOR, 2009; VITAGLIONE;
NAPOLITANO; FOGLIANO, 2008). A inclusdo de fibra alimentar também pode reduzir a
degradacdo do amido por revestir os granulos, inibindo a penetracdo da enzima e a liberagéo
de glicose (SIMONATO et al., 2019).

1.1 VITIVINICULTURA

O cultivo de uvas para a producdo de vinhos € considerada uma pratica antiga no
Brasil, tendo iniciado em 1532, com a introducdo de Vitis vinifera na regido Sudeste do pais.
O avanco na producao deu-se a partir de 1865, com a chegada de imigrantes italianos a regido
da Serra Gaucha. Atualmente, a area de producdo vitivinicola no Brasil soma 82 mil hectares
e 0 pais destaca-se como o quinto maior produtor de vinhos no Hemisfério Sul (OlIV, 2019).
A producéo esta dividida entre seis regides, sendo que o Rio Grande do Sul concentra 64,30%
desta area (MELLO, 2017). No estado, em busca de novas areas de producdo, o cultivo
estendeu-se para a microrregidao de Santa Maria, a qual apresenta microclima diferenciado,
com boa amplitude térmica, excelente insolacdo e baixo indice pluviométrico durante o
periodo de maturagcdo. Em relagédo a producéo de uvas do estado, em 2019, 614,3 milhdes de
quilos foram processados e, principalmente, utilizados para a elaboracdo de vinhos (finos e de
mesa), sucos e derivados. No total, 41,61 milhdes de litros de vinhos foram produzidos a
partir de uvas viniferas (IBRAVIN, 2019).

Dentre as Vitis vinifera L. cultivadas no estado para a elaboracdo de vinhos finos e
espumantes, destacam-se as uvas tintas. Cabernet Sauvignon, Merlot e Pinot Noir s&o as trés
principais cultivares tintas produzidas no Rio Grande do Sul (MELLO et al., 2017). Cultivada

em menor area no estado, Malbec esta entre as cultivares produzidas na microrregido de Santa
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Maria. Com coloragéo vermelho intenso, apresenta aroma de frutas vermelhas, como ameixas,
amoras e cerejas e exibe potencial para producédo de vinhos varietais (BARROS et al., 2018).
Em sua constituicdo, destacam-se a presenca de flavanois, principal classe de compostos
fenolicos ndo antocianicos identificados em vinhos Malbec, com predominancia de catequina,
epicatequina e epicatequina galato e de malvidina, antocianina majoritaria (FANZONE et al.,
2012).

Diante da producdo crescente de vinhos, hd um aumento na geracdo de residuos
oriundos do processamento, com destaque para o bagaco de uva. Estima-se que o bagaco
corresponda de 20 a 30% do peso da uva (DWYER; HOSSEINIAN; ROD, 2014). Pequena
quantidade deste residuo ¢é reutilizada para producdo de “grappa” e o restante da producédo é
desperdicado ou subutilizado para adubacdo de solo e complemento de racdo animal
(BRENES et al., 2016; DWYER; HOSSEINIAN; ROD, 2014). Mesmo ap0s a elaboracdo do
vinho, com extragcdo de compostos antioxidantes de interesse, tais como antocianinas e
flavonoides, quantidades significativas destes permanecem no residuo. Diante da busca pela
valorizacéo e reaproveitamento dos residuos agroindustriais, 0 bagaco de uva mostra-se como

alternativa promissora para esta finalidade (RONDEAU et al., 2013).

1.2 BAGACO DE UVA

O bagaco de uva compreende o residuo sélido gerado a partir da elaboracédo do vinho
apos a prensagem (na vinificacdo em branco) e/ou o processo fermentativo (na vinificacdo em
tinto) das uvas (BERES et al., 2017). Constituido principalmente de cascas, sementes e
residuos de polpa (BRENES et al., 2016), o bagaco de uva vem sendo objeto de estudos na
area de alimentos. Estes tém demonstrado o potencial de reaproveitamento dos compostos
fenolicos e fibras antioxidantes oriundas das cascas e do Gleo proveniente das sementes
(BERES et al., 2016; FERNANDES et al., 2013).

A composicdo quimica do bagaco apresenta variagdes em relacdo aos diferentes tipos
de uva (branca ou tinta), as partes do tecido utilizado (casca ou semente) e as condicGes da
vinificacdo (contato ou ndo com a casca durante o processo fermentativo). Além destes
fatores, ha influéncia de fatores agroclimaticos e de praticas enolégicas da regido do vinhedo,
como sistema de conducdo da vinha (latada ou espaldeira) e estado sanitario das uvas no
momento da colheita (BRENES et al., 2016; SHRIKHANDE, 2000).

O bagaco de uva seco € composto, principalmente, de fibra alimentar, em

concentragdes que variam entre 43 a 75%. Esta é constituida de polissacarideos de parede
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celular e lignina (GARCIA-LOMILLO; GONZALEZ-SANJOSE, 2017; KAMMERER;
SCHIEBER; CARLE, 2005) sendo que a casca € a fragdo com maiores quantidades deste
componente (50-60%) (BRAVO; SAURA-CALIXTO, 1998; DENG; PENNER; ZHAO,
2011). Em relacdo a composicdo monossacaridica, o bagaco de uva apresenta 30% de
polissacarideos neutros (celulose, xiloglicana, arabinana, galactana, xilana e manana), 20% de
substancias pécticas cidas, 15% de proantocianidinas insollveis, lignina, proteinas e fenois
estruturais, estes ligados a estrutura de carboidrato-lignina (CHAMORRO et al., 2012). A
fibra alimentar ¢ amplamente reconhecida como um componente benéfico para uma dieta
saudavel. Estudos demonstram que a ingestdo diaria de fibras alimentares esta correlacionada
com a reducdo dos riscos associados a doenca cardiovascular, cancer e diabetes e com a
melhora do transito intestinal (BENITEZ et al., 2017; DENG; PENNER; ZHAO, 2011;
MUDGIL; BARAK, 2013).

O bagaco de uva apresenta quantidade consideravel de fibra alimentar e compostos
fendlicos, fato que o torna adequado para uma série de aplicagcbes como ingrediente ou
suplemento alimentar (ZHU et al., 2015). Sanz-Pintos et al. (2017) destacam que o fato de
uma matriz alimentar apresentar contetdos significativos de fibra alimentar e compostos
fendlicos, pode potencializar os efeitos bioldgicos do alimento, 0 que o torna especialmente
relevante como fonte de compostos bioativos.

Durante a vinificacdo, as etapas de esmagamento e prensagem das uvas ndo acarretam
alteracBes em sua composicdo quimica. Estas ocorrem, especialmente, durante a fermentacgéo
na elaboracdo dos vinhos tintos e correspondem as alteragdes na composicdo dos carboidratos.
Entretanto, ndo induzem mudancas quimicas no contetdo de compostos bioativos, visto que
tanto no bagaco de uva tinta quanto no bagaco de uva branca, mantém-se quantidade
significativa de compostos bioativos. Estima-se que, aproximadamente, 70% do contetdo de
compostos fendlicos permanecem no bagaco ap6s o processamento (DWYER;
HOSSEININAN; ROD, 2014; GONZALEZ-CENTENO et al., 2010), variando entre 0,1 a 7,0
g equivalentes em acido galico em 100 g de bagaco de uva seco (BARCIA et al., 2015).

Estruturalmente, os compostos fenolicos contém um anel aromatico, com um ou mais
substituintes hidroxila, e variam desde moléculas elementares de fenol Gnico até compostos
altamente polimerizados. Sao classificados em dois grupos: nédo-flavonoides (acidos
hidroxibenzbico e hidroxicindmico e seus derivados, estilbenos e &cidos fenolicos) e
flavonoides (antocianinas, flavanois, flavonois e dihidroflavonois) (FANZONE et al., 2012).

No bagaco de uva, os compostos fenolicos predominantes sdo antocianinas, flavanais,

flavondis, acidos hidroxibenzéico e hidroxicinamico e estilbenos. Dentre as antocianinas,
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destacam-se malvidina, peonidina, delfinidina e cianidina. Estes compostos séo responsaveis
pela coloragdo das uvas e se encontram em altas concentracfes nas cascas de uvas tintas. Nos
flavanois, principal subclasse de compostos fendlicos presentes no bagaco de uva,
especialmente nas sementes, evidenciam-se catequina, epicatequina e epicatequina galato.
Entre as proantocianidinas, prevalecem procianidina B1 e procianidina B2, enquanto que
entre os flavonois, ha predominancia de quercetina glicosilada e kaempferol. Os acidos gélico
e siringico sdo o0s compostos predominantes pertencentes a subclasse do acido
hidroxibenzoico. Resveratrol, composto pertencente a familia dos estilbenos, também pode
estar presente no bagaco de uva. Os acidos feralico, cumérico, cafeico e caftarico destacam-se
entre os 4&cidos hidroxicindmicos. As concentracbes dos compostos fendlicos sdo
influenciadas, principalmente, pelos fatores genéticos da cultivar, condi¢fes ambientais de
cultivo, grau de maturacédo dos frutos e processo de vinificacdo (BARCIA et al., 2015; MELO
et al., 2015; PEIXOTO et al.,, 2018; ROCKENBACH et al., 2011). Estes compostos
apresentam uma ampla série de efeitos fisioldgicos, tais como antialérgico, anti-inflamatério,
antimicrobiano, antioxidante, antitrombotico e cardioprotetor (BERES et al., 2017).

Uma parte da fracdo fendlica presente € facilmente extraida pelos métodos
convencionais (métodos aquoso-organicos). Esta fracdo compreende os polifendis extraiveis
(EPP, do inglés, Extractable Polyphenols) e consiste principalmente em flavonoides
(antocianinas, flavonais, flavandis) e &cidos fendlicos. Porém, ha quantidade significativa de
polifendis ndo extraiveis (NEPP, do inglés, Non-Extractable Polyphenols), que ndo sao
extraidos pelos solventes organicos comumente utilizados (etanol, metanol e acetona) e
requerem hidrolise (4cida a altas temperaturas) para sua determinacdo. Nestes estdo incluidos
os polifendis hidrolisaveis e as proantocianidinas ndo extraiveis (NEPA, do inglés, Non-
Extractable Proantocyanidin). Estes apresentam propriedades promissoras relacionadas a
salde, ja que sdo liberados da matriz alimentar pela microbiota do célon (PEREZ-JIMENEZ;
DIAZ-RUBIO; SAURA-CALIXTO, 2013). A baixa solubilidade destas fragbes indica que
elas ndo sdo extraidas durante o processo de vinificacdo e permanecem no bagaco de uva
(BERES et al., 2017).

1.3 FIBRA ALIMENTAR
A fibra alimentar ¢ definida como “parte comestivel de plantas ou analogos aos

carboidratos que séo resistentes a digestdo e a absor¢do no intestino delgado humano, com

fermentacdo completa ou parcial no intestino grosso. Fibra alimentar inclui polissacarideos,
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oligossacarideos, lignina e substancias associadas as plantas, tais como 0s compostos
fenolicos” (AACC, 2001) sendo abundante em produtos vegetais como frutas, vegetais e
grdos (DENG; PENNER; ZHAO, 2011).

Os polissacarideos ndo amilaceos sdo considerados os principais componentes da fibra
alimentar e sdo classificados em duas fracdes, de acordo com a sua solubilidade em agua:
fibras insoluveis e fibras soltveis (QUIROS-SAUCEDA et al., 2014). A fragdo insoltvel é
predominante em farelos, vegetais folhosos e grdos e é composta pelos componentes
insolUveis da parede vegetal, os quais incluem a celulose, hemiceluloses insolaveis, lignina e
taninos. A fracdo soltvel da fibra é formada por polissacarideos ndo amilaceos hidrossoluveis
estruturais, como as [-glicanas, arabinoxilanas, pectinas, algumas hemiceluloses soluveis,
gomas e mucilagens. Esta é encontrada principalmente em leguminosas secas, aveia, cevada e
frutas (ELLEUCH et al., 2011; MUDGIL; BARAK, 2013).

As propriedades fisico-quimicas e a composi¢do da fibra alimentar influenciam os
efeitos fisioldgicos no organismo humano (BENITEZ et al., 2017). O efeito fisioldgico da
fracdo insoluvel é atribuido a melhora da motilidade intestinal. Essa fracdo provoca aumento
do volume e peso fecal, devido a sua capacidade de retencdo de dgua. Desta forma, contribui
para um transito intestinal mais rapido, aliviando a constipacdo e regulando o tempo do
transito intestinal. Os componentes desta fragdo da fibra, principalmente celulose e lignina,
ndo sdo fermentados no cdlon e, portanto, sdo pouco metabolizados (DAI; CHAU, 2017).

O efeito fisiolégico da porcdo soluvel da fibra alimentar esta associado a sua
capacidade de ligacdo a agua, formando gel. Esta € responsavel pelo aumento do volume
intraluminal e tempo do transito intestinal e pelo retardo no esvaziamento gastrico, causando
maior saciedade. Ao provocar 0 aumento da viscosidade do contetdo intraluminal, as fibras
soltveis diminuem a migracdo de nutrientes para as paredes intestinais (DAI; CHAU, 2017).
Desta forma, atuam como uma barreira na absor¢do de alguns metabdlitos, retardando, por
exemplo, a absor¢do de glicose e colesterol. Assim, diminuem o risco de diabetes,
hiperlipidemias, obesidade e desordens gastrointestinais, como o céncer de colon (CHAU;
CHEN; LIN, 2004). No intestino grosso, a fibra soltuvel é rapidamente fermentada pelas
bactérias acidoliticas, produzindo altas concentracfes de &cidos graxos de cadeia curta, como
acetato, butirato e propionato. Estes auxiliam na manutencdo da integridade das células do
colon e desencadeiam efeitos benéficos adicionais. Concomitantemente, as fibras fermentadas
convertem-se em substratos para o desenvolvimento de Lactobacillus e Bifidobacterium,
elevando os niveis destes (HERVERT-HERNANDEZ et al., 2009) e consequentemente,
melhoram a satde do hospedeiro (CHAWLA; PATIL, 2010).
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A fibra alimentar inclui, em sua composi¢cdo, macromoléculas que exibem ampla
variedade de propriedades fisico-quimicas, as quais estdo relacionadas aos seus efeitos
fisiolégicos e propriedades tecnologicas. Benitez et al. (2017) destacam que o estudo das
caracteristicas individuais da fibra alimentar obtida de diferentes fontes e sujeita a diferentes
pré-tratamentos, é necessario tanto para conhecer o seu potencial benéfico quanto para estimar
suas propriedades tecnoldgicas. Algumas propriedades nutricionalmente relevantes sdo a
capacidade de retencdo de agua (CRA), capacidade de absor¢do de minerais (CAM) e
capacidade de ligacdo ao 6leo (GUILLON; CHAMP, 2000).

As propriedades de retencdo de &gua da fibra alimentar estdo relacionadas com a
estrutura quimica dos polissacarideos, porosidade, tamanho de particula, forma ibnica, pH e
temperatura (ELLEUCH et al., 2011). Estas sdo relevantes do ponto de vista nutricional e
tecnoldgico e podem influenciar na incorporacéo de ingredientes ricos em fibra em alimentos
(CHAU, CHEN; LIN, 2004). Ingredientes com alta capacidade de retencdo de agua podem ser
utilizados para evitar sinérese e modificar viscosidade e textura em produtos alimenticios
(GRIGELMO-MIGUEL; GORINSTEIN; MARTIN-BELLOSO, 1999), tais como sucos e
iogurtes (NIETO-CALVACHE; DE ESCALADA PLA; GERSCHENSON, 2019). A
capacidade de ligacdo ao 6leo (CLO) é intimamente dependente da densidade aparente, ou
seja, da porosidade do material. Particulas com baixa densidade aparente possuem maior area
superficial e, consequentemente, maior capacidade para absorver ou ligar-se a componentes
lipidicos (BENITEZ et al., 2017). Ingredientes com alta CLO permitem estabilizacdo de
produtos com elevado teor de lipideos e emulsdes, tais como derivados carneos (ELLEUCH
et al., 2011). Além disso, biologicamente, retém lipideos no limen intestinal, provocando
diminuicdo nos niveis de colesterol sanguineos (NIETO-CALVACHE; DE ESCALADA
PLA; GERSCHENSON, 2019). A CAM ou capacidade de ligacdo a céations é uma
propriedade interessante do ponto de vista nutricional. Materiais com alta CAM podem
aprisionar, desestabilizar e desintegrar a emulsdo lipidica, conduzindo a diminuicdo da
difusdo e absorcdo dos lipideos (CHAU; WANG; WEN, 2007; FEMENIA et al., 1997). De
maneira geral, a capacidade da fibra de formar géis, reter 4gua e Oleo e aumentar a
viscosidade, influencia na textura do produto e estabilidade da emulsdo, evitando a sinérese e
melhorando a vida de prateleira dos produtos nos quais é adicionada (ELLEUCH et al., 2011).

A fibra alimentar pode ser obtida de uma variedade de residuos agroindustriais, tais
como frutas e vegetais (BENITEZ et al., 2017). Uma das formas de recupera-la a partir destes
residuos, é o isolamento/concentracdo de polimeros da parede celular (NIETO-CALVACHE;
DE ESCALADA PLA; GERSCHENSON, 2019). Além disso, modificac@es fisicas podem ser
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realizadas para alterar a sua composicdo e assim, influenciar nas propriedades tecnoldgicas e

funcionais da fibra alimentar.

1.4  CONCENTRADOS DE FIBRA ALIMENTAR

Estudos tém sido conduzidos com a finalidade de caracterizagdo (BENITEZ et al.,
2017; DE ESCALADA PLA et al., 2012) e aplicacdo (BENDER et al., 2017) de concentrados
de fibras alimentares obtidos a partir de residuos agroindustriais. Cascas, sementes e bagaco,
com alto teor de fibra alimentar, sdo materiais que apresentam excelente potencial para
obtengdo de concentrados e para inclusdo nas formulacGes de alimentos como ingredientes
funcionais (GARCIA-AMEZQUITA et al., 2018a).

O uso de subprodutos do processamento de frutas e vegetais para a producdo de
ingredientes ricos em fibras alimentares ganhou atencdo recentemente (GARCIA-
AMEZQUITA et al.,, 2018b). Uma das formas de recuperacdo da fibra alimentar e
consequente valorizacdo dos residuos agroindustriais sdo através da concentracdo e/ou
isolamento de polimeros da parede celular (NIETO-CALVACHE; DE ESCALADA PLA;
GERSCHENSON, 2019). Os concentrados de fibra alimentar sdo compostos por
aproximadamente 9% de lipideos e fibras alimentares totais de pelo menos 50% e podem ser
aplicados em produtos alimenticios para aumentar o seu valor nutricional (GARCIA-
AMEZQUITA et al., 2018b).

Como mencionado, a concentracdo de fibra alimentar apresenta potencial para geracao
de produtos inovadores para as industrias de alimentos (NIETO-CALVACHE et al., 2016). O
tratamento de residuos agroindustriais, como casca de uva e casca e polpa de mamao, com
etanol, seguido de um processo de desidratacdo, produz ingredientes concentrados em
polimeros da parede celular, que podem ser compostos por fibras alimentares sollveis e
insoliveis (BENDER et al., 2020; NIETO-CALVACHE et al., 2016). Além disso, estudos
conduzidos por De Escalada Pla et al. (2012) e Rodriguez-Gonzalez et al. (2018) revelaram
melhora nas propriedades fisico-quimicas da fibra alimentar concentrada a partir da polpa e
casca de péssego. Os autores constataram aumento na CLO e densidade aparente. Por outro
lado, observou-se reducdo no conteudo de fenolicos totais, fato também constatado por
Bender et al. (2020) em concentrado de fibra alimentar obtido a partir de bagaco de uva. Os
compostos fendlicos séo facilmente solubilizados em misturas hidro alcodlicas, sendo a razdo
etanol/agua importante para diminuir a lixiviagdo destes compostos (RODRIGUEZ-
GONZALEZ et al., 2018).
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Embora uma diminuicdo no contetdo de fendlicos totais tenha sido observada, parte
da capacidade antioxidante original foi mantida nos concentrados de fibra alimentar. Desta
forma, estes podem representar ndo apenas uma fonte de fibra alimentar, mas também de
compostos associados (fendlicos e carotenoides, por exemplo) com capacidade antioxidante
(NIETO-CALVACHE et al., 2016). Além disso, os tratamentos para concentracdo de fibra
alimentar podem melhorar a biodisponibilidade dos compostos fendlicos devido a ruptura da
parede celular dos tecidos vegetais ou a dissociagdo dos complexos matriz-nutriente
(RODRIGUEZ-GONZALEZ et al., 2018).

Assim, o0 uso de concentrados de fibra alimentar obtidos a partir de residuos
agroindustriais contribui para a reducdo da geracdo de residuos, que representam grave
problema ambiental (GARCIA-AMEZQUITA et al., 2018b) e também para a sua valorizacao,
visto que constituem fonte de fibra alimentar de baixo custo para a industria de alimentos
(NIETO-CALVACHE; DE ESCALADA PLA; GERSCHENSON, 2019).

1.5  MICRONIZACAO

As propriedades fisico-quimicas da fibra alimentar podem ser modificadas através de
métodos quimicos, enziméticos e fisicos. Os métodos quimicos baseiam-se em hidrdlises
acidas e/ou bésicas para destruicdo da parede da célula e acarretam em aumento da
concentracdo de fibras solveis O tratamento enzimatico € capaz de modificar a relacdo entre
fibra solGvel e insolavel, atuando em sitios especificos de ligacdo das moléculas de fibra.
Porém, sabe-se que as enzimas atuam em condi¢Bes 6timas de temperatura e um tempo
minimo de incubagdo se faz necessario; essas condi¢Ges, muitas vezes, inviabilizam sua
utilizacdo (ELLEUCH et al., 2011; GUILLON; CHAMP, 2000).

A micronizacdo ou moagem ultrafina é um processo fisico que reduz o tamanho das
particulas para micro escala (tamanho entre 1 mm a 100 um) (ZHANG et al., 2016). Este
processo tambem melhora algumas das suas propriedades fisico-quimicas, como a capacidade
de hidratacdo e de retencdo ao 6leo; a solubilidade; a capacidade de ligacdo a cétions e de
adsorcdo da glicose; e a atividade inibitoria da lipase pancreatica e da a-amilase (CHAU,
WANG; WEN, 2007; DAOU; ZHANG, 2012).

O emprego da tecnologia de moagem ultrafina apresenta 6timo potencial para uso na
manipulagdo de alimentos nutracéuticos e funcionais. Com a reducdo do tamanho da
particula, consequentemente ocorre aumento da area superficial e, desta forma, o0s

constituintes das particulas ultrafinas sdo facilmente absorvidos no trato gastrointestinal,
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aumentando a qualidade dos produtos alimenticios em que s&o incorporados. Além disso, 0s
componentes antioxidantes sdo mantidos (DU et al., 2014).

Diferentes técnicas podem ser utilizadas para producdo de particulas ultrafinas. Uma
das técnicas mais tradicionais faz uso do moinho de bolas (do inglés, ball milling), no qual ha
contato direto do equipamento com o material a ser moido e o recipiente € movido em trés
direcOes axiais. Desta forma, os materiais s&o misturados por repetidos impactos de alta
energia. A friccdo dos componentes do alimento e das moléculas de agua umas contra as
outras e contra as bolas e paredes do recipiente produzem aquecimento. Este contribui para
modificar as propriedades dos granulos de amido e também dos demais constituintes do
alimento (fibra alimentar, por exemplo) (WANG; CIOU; CHIANG, 2009). A principal
vantagem da utilizacdo deste equipamento é o baixo custo do processo e a preservacdo do
meio ambiente, devido a pouca ou nenhuma geracédo de residuos (HE et al., 2014).

De maneira geral, com a micronizacdo ocorre reorganizacao estrutural, ou seja, a
estrutura passa de ordenada para desordenada (amorfa) pela quebra das ligacOes
intermoleculares, com obtencdo de fragdes menores ap6s a moagem, ocasionando mudancas
na estrutura original e consequentemente, mudancas nas propriedades fisico-quimicas (ZHAO
et al., 2015). Os componentes da fibra alimentar sdo redistribuidos principalmente pela
quebra/degradacédo da hemicelulose, celulose e lignina, que s&o transformadas em compostos
moleculares menores (ZHU; DU; LI, 2012).

1.6 EXTRUSAO TERMOPLASTICA

A extrusdo termoplastica € definida como um processo continuo no qual
cisalhamento mecénico é combinado com calor e provoca a modificagdo da matriz alimenticia
por meio da associacdo entre temperatura e pressdo (DAOU; ZHANG, 2012; EL-DASH,
1981). O processo de extrusdo tem sido utilizado desde 1930, para a producdo de snacks e
cereais matinais (CIAN et al., 2014), sendo considerada tecnologia versatil, rapida e de baixo
custo (BISHARAT et al., 2014; EL-DASH, 1981). Basicamente, 0 equipamento é composto
por um sistema de alimentacdo, rosca ou parafuso sem fim, cilindro ou canh&o, matriz ou
molde e sistema de corte (Figura 1) (EL-DASH, 1981; LOPES-DA-SILVA; SANTOS;
CHOUPINA, 2015). Na extrusora, a partir do funil de alimentacdo, o material solido é
forcado a fluir através de uma matriz (molde) até o orificio da saida, onde € moldado & sua
forma final (LOPES-DA-SILVA; SANTOS; CHOUPINA, 2015).
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Figura 1 — Constituicdo geral de uma extrusora mono rosca ou parafuso simples
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Fonte: (LOPES-DA-SILVA; SANTOS; CHOUPINA, 2015).

Com o emprego do calor, além do cozimento dos materiais amilaceos até obtencéo de
massa plastica viscosa, ocorrem a gelatinizacdo do amido, a inativacdo enzimatica, a reducédo
da flora microbiana e a destruicdo de toxinas termolabeis (FELLOWS, 2018), estes ultimos
contribuindo diretamente para 0 aumento da vida Gtil dos produtos.

Os cereais ricos em amido, tais como trigo, aveia, milho e arroz, além de farinha e
fécula de mandioca, sdo as bases das formulacBes dos extrusados e responsaveis pelas
caracteristicas estruturais (expansdo e textura) dos produtos. Estes ingredientes apresentam
alta densidade energética, porém tém reduzido valor nutricional, em termos de vitaminas,
minerais e fibra, exibindo alto indice glicémico (BRENNAN et al., 2013).

Estudos vém sendo realizados com o intuito de diversificar os ingredientes amilaceos
utilizados nas formulac6es. Uma das alternativas é a farinha de batata doce, cultura alimentar
mais importante depois de arroz, trigo, batata, milho e mandioca (WANG; NIE; ZHU, 2016)
O Brasil & um dos principais produtores nas Américas, juntamente com os Estados Unidos
(FAO, 2017). O amido de batata doce apresenta propriedades fisico-quimicas diferenciadas e
tem sido valorizado como ingrediente funcional na industria de alimentos (ZHU; WANG,
2014). Dentre seus constituintes, destacam-se os carboidratos (aproximadamente 80% de
amido), proteinas (inferior a 5%), fibras (entre 3 e 15%), cinzas e lipideos (inferiores a 1%)
(RATHOD; ANNAPURE, 2016; WANG; NIE; ZHU, 2016).
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1.7 QUALIDADE NUTRICIONAL DOS PRODUTOS EXTRUSADOS

Com a finalidade de melhorar o aporte nutricional e de compostos bioativos dos
produtos extrusados, diversos ingredientes tém sido utilizados para este fim, tais como bagaco
de cramberry (WHITE; HOWARD; PRIOR, 2010), bagaco de abacaxi (SELANI et al., 2014),
casca de uva (BENDER et al., 2016) e bagaco de cenoura (ALAM; PATHANIA; SHARMA,
2016). Nestes estudos foi demostrado que é possivel adicionar ingredientes funcionais aos
produtos extrusados amilaceos, apresentando caracteristicas tecnoldgicas, nutricionais e
sensoriais satisfatorias.

A concentracdo dos compostos bioativos nos produtos extrusados é influenciada
diretamente pelos parametros do processo, tais como cisalhamento, temperatura, tempo de
residéncia e umidade (BRENNAN et al., 2011). O processo de extrusdo termoplastica tem a
habilidade de elevar a capacidade antioxidante do alimento, devido este processo romper as
ligacGes de compostos fendlicos associados a fibra alimentar, elevando a bioacessibilidade
dos compostos bioativos presentes na matéria-prima (MORALES et al., 2015). A reducdo na
degradacdo dos compostos bioativos pode ser decorrente da complexacdo dos compostos com
as proteinas e/ou amido. Ao ingerir o alimento, as enzimas humanas sdo capazes de quebrar
essa estrutura, permitindo a liberagdo dos compostos antioxidantes (BRENNAN et al., 2011).

Além disso, durante a extrusdo, a fibra alimentar pode ser significativamente
modificada. A fibra possui capacidade de absorver dgua, dificultando sua evaporacéo, levando
a formacdo de um produto compacto e menos expandido. Desta forma, a adicdo de
ingredientes com quantidade significativa de fibra pode ocasionar aumento da densidade
aparente dos produtos extrusados (ALAM; PATHANIA; SHARMA, 2016). A solubilidade
em &gua pode ser aumentada devido ao aumento da energia mecéanica provocada no processo.
Estas mudancas nas propriedades estruturais e solubilidade da fibra alimentar provocadas pela
extrusdo conduzem a diferencas significativas nas suas propriedades funcionais, quando
comparadas com o ingrediente rico em fibra, antes do processo (ROBIN; SCHUCHMANN;
PALZER, 2012). Por isso, torna-se de fundamental importancia otimizar o processo de
extrusdo, para que o produto formulado atenda aos requisitos tecnoldgicos, nutricionais e
sensoriais.

Estudos indicam que a extrusdo melhora a digestibilidade e biodisponibilidade dos
nutrientes. Khanal, Howard e Prior (2009) ao avaliarem o contetdo de procianidinas de
semente e bagaco de uva relataram que a extrusdo aumentou o conteudo total desta fracéo

fenolica, em decorréncia da ruptura da matriz fibrosa provocada pelo cisalhamento
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concomitante com alta temperatura e pressao. Além disso, 0s autores destacam que a extrusao
mantém componentes desejaveis e destréi microrganismos. White, Howard e Prior (2010)
avaliando a composicao fendlica e a capacidade antioxidante de extrusados contendo bagaco
de cramberry, relataram perdas no conteudo de antocianinas nas formulacGes em que altas
temperaturas foram empregadas. Em temperaturas mais baixas, ndo ha influéncia sobre este
parametro. Esse fato indica que ocorre possivel protecdo das antocianinas pelo amido
presente.

A despolimerizacdo do amido, combinada com as altas temperaturas associadas a
extrusdo, pode contribuir para a maior disponibilidade do amido as enzimas amiloliticas
durante a digest&o. Devido a este fato, os produtos extrusados tendem a produzir uma resposta
glicémica mais alta em comparacdo com ingredientes crus ndo processados (BRENNAN et
al., 2013). Por outro lado, ha evidéncias de que a inclusdo de fibra alimentar cause reducédo da
degradacdo do amido por revestir os granulos de amido e inibir a penetragcdo da enzima,
reduzindo a liberacéo de glicose (SIMONATO et al., 2019).

Diante do exposto, estudos devem ser conduzidos para verificar a influéncia do
processo de extrusao termoplastica na preservacdo dos compostos bioativos e o efeito destes
sobre a digestibilidade do amido. Também, percebe-se a necessidade de elucidar os efeitos do

uso de ingredientes amilaceos ndo convencionais na producdo de extrusados.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o efeito da micronizagdo sobre as caracteristicas fisico-quimicas da fibra do
bagaco de uva com o intuito de potencializar as propriedades funcionais de um produto

extrusado.

2.2  OBJETIVOS ESPECIFICOS

- Estudar métodos fisicos como micronizacdo e extrusdo para modificacdo da estrutura da
fibra alimentar no bagaco de uva.

- Avaliar o efeito dos métodos fisicos sobre a composicao da fibra alimentar, propriedades
fisico-quimicas, compostos fendlicos e capacidade antioxidante do bagaco de uva e do
concentrado de fibra do bagaco de uva.

- Investigar a influéncia da inclusdo do bagaco de uva sobre as propriedades fisico-quimicas,
sensoriais e funcionais, incluindo o contetdo de fendlicos e antocianinas, a capacidade

antioxidante e a digestibilidade in vitro de um produto extrusado.
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3 MATERIAIS E METODOS
3.1 PREPARA(;AO DAS AMOSTRAS
3.1.1 Obtencéo do bagago de uva

O bagaco de uva, proveniente da vinificacdo da cultivar Malbec (Vitis vinifera L.)
(ltaara, RS, Brasil) nas safras 2016/2017 e 2017/2018, foi coletado ap6s a etapa de
fermentacdo, prensado e congelado a -18°C. Posteriormente, o material foi submetido a
secagem em estufa com circulacdo de ar (50°C/24 horas), moido e armazenado a -18°C, até o

momento de realizacdo das analises (Apéndice A).
3.1.2 Obtencéo do concentrado de fibra do bagaco de uva

A concentracdo da fibra alimentar foi realizada de acordo com Bender et al. (2017)
utilizando etanol aquecido (60°C), em uma proporcdo soluto:solvente de 1:2, sob agitacdo
constante, por 30 minutos. Apo6s a precipitacao (30 minutos), o sobrenadante foi descartado. O
processo foi repetido mais duas vezes. Ao final, o precipitado, correspondente ao concentrado
de fibra, foi submetido a secagem em estufa com circulacéo de ar a 40°C por 24 horas.

3.1.3 Micronizacéo

As fracOes obtidas (bagaco de uva e concentrado de fibra do bagaco de uva) foram
submetidas a moagem em moinho planetario de bolas (Retsch- PM 100, Germany). A fim de
determinar as condi¢cBes Otimas de micronizacdo, o ensaio foi realizado utilizando
delineamento fatorial com duas variaveis independentes (2%) (rotacdo: 300, 375 e 450 rpm e
tempo: 30, 60 e 90 minutos). Através deste planejamento experimental, foram definidas as
melhores condi¢cBes para 0 aumento do teor de fibra sollivel. Para isto, o teor de fibra
alimentar total, soltvel e insoltvel foi estimado através do método enzimatico-gravimétrico
(AOAC, 1995). A partir dos resultados obtidos na micronizacao, foram definidos os ensaios a

serem conduzidos (Figura 2).
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Figura 2 — Amostras de bagaco de uva (BU) e concentrado de bagaco de uva (CBU) antes e

apos a micronizacdo (BUM e CBUM, respectivamente)

Fonte: (AUTOR, 2019).

3.2 CARACTERIZACAO DAS AMOSTRAS

A caracterizagéo foi realizada no bagaco de uva, concentrado de fibra do bagago de
uva e nas respectivas amostras micronizadas que apresentaram maiores concentragdes de fibra

soltvel segundo o planejamento experimental.

3.2.1 Composicao centesimal

As amostras foram analisadas quanto a composicao centesimal — matéria seca (MS)
(105°C/12 horas), matéria mineral (550°C/5 horas), proteina bruta (PB) através da
determinacdo de nitrogénio pelo método de Kjeldahl (N x 6,25), de acordo com as técnicas
descritas pela AOAC (1995); lipideos pelo método de Bligh e Dyer (1959) e os teores de fibra

alimentar total, solUvel e insolivel foram estimados através do método enzimatico-
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gravimétrico da AOAC (1995). Os contetdos de fibra em detergente neutro e fibra em
detergente &cido foram estimados segundo Goering e Van Soest (1970) e utilizados para
determinacdo dos teores de celulose, hemicelulose e lignina. Os resultados da composicédo

centesimal foram expressos em g/100 g de amostra seca.

3.2.2 Caracteristicas fisico-quimicas

A capacidade de retencdo de agua (CRA) e a capacidade de ligacdo ao 6leo (CLO)
foram determinadas segundo Raghavendra et al. (2004), com algumas modificagdes. A
amostra (1,0 g) foram adicionados 15 mL de &gua destilada (para CRA) ou 6leo de soja (para
CLO). Apds 24 horas de repouso em temperatura ambiente, o sobrenadante foi descartado
posteriormente a centrifugacdo (3000 rpm/15 minutos). Os resultados foram expressos em
gramas de &dgua/6leo retidos em um grama de amostra seca, respectivamente.

A capacidade de ligacdo a cations foi estimada pela capacidade de ligacdo ao cobre
(MCBURNEY et al., 1983). Soluc@es de nitrato de cobre foram utilizadas na curva padréo.
Os resultados foram expressos em gramas de cobre retidos em um grama de amostra seca.

A capacidade de inchamento foi avaliada de acordo com metodologia descrita por
Raghavendra et al. (2004). Em proveta, a amostra (0,2 g) foi adicionada e homogeneizada
com agua destilada (10 mL). Ap6s 18 horas de repouso em temperatura ambiente, anotou-se 0
volume deslocado pela amostra. O resultado foi expresso como volume atingido pela amostra
hidratada por um grama de amostra seca.

A solubilidade foi estimada pelo método de Chau et al. (2007), com modificagdes. A
amostra (0,3 g) foi adicionada &agua destilada (30 mL). ApoOs agitacdo (3 horas) e
centrifugacdo (3000 rpm/10 minutos), o sobrenadante foi, cuidadosamente, transferido para
placa de Petri previamente tarada. A placa contendo a amostra solubilizada foi liofilizada e
pesada. O resultado foi expresso em grama de amostra solubilizada em 100 g de amostra seca.

O pH das amostras foi determinado em pHmetro apds mistura da amostra (1,0 g) com
agua destilada (10 mL).

3.2.3 Distribuicao do tamanho de particula
A distribuicdo do tamanho de particula foi estimada utilizando analisador de tamanho

de particula com difracdo a laser equipado com unidade de controle com sonicagdo. Os

parametros mensurados foram: Djo (um), Dsy (um) e Dgo (um), os quais indicam a
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porcentagem das particulas que apresentam volume igual ou inferior ao tamanho indicado. O
valor de span, indicativo da amplitude de distribuicdo das particulas, foi calculado subtraindo-

se do valor de Dgo, 0 valor de D19, sendo o resultado dividido pelo valor de Dsy.

3.2.4 Microscopia eletronica de varredura

A morfologia das particulas foi obtida atraves de microscopio eletrdnico de varredura
com feixe de elétrons de 10 kV. As amostras foram metalizadas com uma fina camada de

ouro e as imagens foram coletadas com ampliagcdes de 500X.

3.2.5 Espectroscopia de infravermelho com transformada de Fourier

Os espectros de infravermelho foram obtidos no equipamento Spectrum Two (Perkin
Elmer, Waltham, USA) utilizando modo de reflectancia total atenuada universal e cristal de
diamante. As analises foram realizadas na regido do infravermelho médio (faixa de 4000/cm a

400/cm) com resolucdo de 32/cm e 4 varreduras.

3.2.6 Compostos fendlicos e capacidade antioxidante

3.2.6.1 Obtencdo do extrato

A extracdo dos compostos fendlicos foi realizada segundo Pérez-Jiménez et al. (2008).
A amostra (0,5 g) foi adicionada solugdo metanol/agua (50/50, v/v, pH 2,0) (20 mL). Apds
agitacdo (1 hora) e centrifugacdo (3000 rpm/10 minutos), o sobrenadante foi coletado. Ao
precipitado, foi adicionada solucdo acetona/agua (70/30, v/v) (20 mL). Posteriormente a
agitacdo (1 hora) e centrifugacdo (3000 rpm/10 minutos), o sobrenadante foi coletado e
misturado ao anterior. O extrato obtido foi utilizado para a determinagdo do conteudo de

fenodlicos totais, antocianinas monomeéricas totais e capacidade antioxidante.
3.2.6.2 Determinacao do contetdo de fendlicos totais
O conteudo de fendlicos totais foi estimado utilizando o reagente de Folin-Ciocalteu

(WATERHOUSE, 2003). Ao extrato da amostra (20 uL) adicionou-se agua destilada (1,58

mL) e o reagente de Folin-Ciocalteu 2 N (100 pL). Apds repouso em temperatura ambiente (8
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min), a solucdo de carbonato de sédio 20% foi adicionada. A reagdo foi conduzida a 40°C por
30 minutos. O contetdo de fendlicos totais foi mensurado em espectrofotémetro a 765 nm e

os resultados foram expressos em mg equivalentes de acido galico em 100 g de amostra seca.

3.2.6.3 Determinacgéo das antocianinas monomericas totais

As antocianinas monomericas totais foram determinadas através da metodologia de pH
diferencial (GIUSTI; WROLSTAD, 2001). O extrato da amostra foi diluido diretamente em
tampao cloreto de potéssio 0,025 M (pH 1,0) e em tampao acetato de sédio 0,4 M (pH 4,5). A
absorbancia foi medida a 515 nm e 700 nm ap6s 15 minutos de reacdo. O contetdo de
antocianinas monomeéricas totais foi calculado utilizando o peso molecular (493,5) e o
coeficiente de extingdo molar da malvidina-3-glicosideo (29.500). Os resultados obtidos

foram expressos em mg equivalentes de malvidina-3-glicosideo em 100 g de amostra seca.

3.2.6.4 ldentificacao e quantificacdo dos compostos fenolicos por cromatografia liquida de

alta eficiéncia

A identificagdo e a quantificacdo dos compostos fenolicos foi realizada de acordo com
0 método descrito por Melo et al. (2015). As amostras foram extraidas com solucéao
metanol/agua (80720, v/v) e filtradas em filtro PTFE de 0,22 um. Acidos fendlicos, flavanois e
flavonois foram quantificados por cromatografia liquida de alta eficiéncia com coluna de fase
reversa (ODS-A, 4,6 mm x 250 mm; 5 um) acoplada a um detector de arranjo de diodos.
Aliquotas do extrato (20 pL) foram injetadas em fluxo de 1,0 mL/minuto a 28°C. A fase
movel consistiu de: Fase A (dgua/acido férmico; 99,9/0,1, v/v) e fase B (acetonitrila/acido
férmico; 99,9/0,1, v/v), iniciando com 5% de B e aumentando para 7% de B (7 minutos), 20%
de B (0 minuto), 45% de B (70 minutos), 100% de B (85 minutos), mantendo 100% de B (10
minutos) e diminuindo para 5% de B (100 minutos). Foram utilizados os seguintes padroes:
acido galico, acido siringico, procianidina B1, procianidina B2, catequina, epicatequina,

epicatequina-3-O-galato e quercetina-3-beta-D-glicosideo, todos da Sigma Aldrich.

3.2.6.5 Determinacgdo da capacidade antioxidante

A capacidade de remoc¢do do radical 2,2’-azinobis (3-etilbenzotiazolina-6-acido

sulfénico) (ABTS™) foi avaliada segundo metodologia descrita por Re et al. (1999). Ao
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extrato da amostra (200 pL) adicionou-se a solucéo contendo o radical ABTS (1,8 mL). Ap6s
incubacdo (30°C/6 minutos), a absorbancia foi mensurada a 750 nm. Os resultados foram
expressos em mmol equivalentes de Trolox em 100 g de amostra seca.

A capacidade de absorcdo do radical oxigénio foi estimada pelo método de Ou et al.
(2001). Solucédo de fluoresceina 81 nM (150 uL) foi adicionada ao extrato da amostra (25
ML), incubando-se a 37°C por 10 minutos. Subsequentemente, solucdo de AAPH [(dicloreto
de 2,2’-azobis (2-amidinopropano)] 152 nM (25 pL) foi acrescida e a reducdo da
fluorescéncia foi medida durante 90 minutos em 485 nm (excitacdo) e 528 nm (emissdo) em
leitora de microplacas. Solucdes padrdes de Trolox foram utilizadas na curva de calibragéo e

os resultados foram expressos em mmol equivalentes de Trolox em 100 g de amostra seca.

3.3 PRODUCAO DOS SNACKS POR EXTRUSAO TERMOPLASTICA

A extrusdo termopléastica foi conduzida em extrusora mono rosca (INBRAMAQ,
modelo Labor PQ30, Ribeirdo Preto, Brasil) com adi¢do de bagaco de uva e bagaco de uva
micronizado em substituicdo a farinha de batata doce, seguindo as etapas descritas no
fluxograma (Figura 3). As quantidades a serem adicionadas foram definidas levando-se em
consideracdo o conteudo de fibra total dos ingredientes para que o produto final atendesse a
legislacdo quanto a classificacdo como alto contetdo de fibra (minimo de 6 g de fibra em 100
g de alimento) (ANVISA, 2012). Assim, foram acrescentados 6,25% de bagaco de uva e
6,25% de bagaco de uva micronizado em substitui¢do a farinha de batata doce. Foram fixados
0S seguintes parametros: didmetro da matriz (4,22 mm), velocidade de rotagdo (150 rpm),
temperatura da 12 (40°C), 22 (80°C) e 32 (120°C) zonas e taxa de alimentacdo (170 g/min).

As formulagdes foram ajustadas quanto a umidade de 15%, pela adigdo de agua,
homogeneizadas manualmente e acondicionados em estufa com circulagdo de ar a 50°C por 2
horas, para padronizacdo da umidade.

Ap0s o processo de extrusdo, os snacks foram submetidos a secagem em estufa com
circulacdo de ar a 50°C por 2 horas, atingindo umidade inferior a 9%. Em seguida, os
produtos foram armazenados em embalagens de polietileno ao abrigo da luz e sob temperatura

ambiente até 0 momento de realizacdo das analises (Figura 4).
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Figura 3 — Fluxograma representativo das etapas de producdo dos snacks por extrusao

termoplastica

Matéria-prima

Farinha de batata doce + bagaco de uva

ou bagaco de uva micronizado

I

Mistura e acondicionamento
15% umidade

I

Extruséao
Temperaturas: 40, 80, 120°C

I

Corte

I

Secagem
Umidade inferior a 9%

I

Embalagem

Fonte: Adaptacéo de Carvalho, Ascheri e Azevedo (2005).

Figura 4 — Snacks extrusados de batata doce (BD), bagaco de uva (BU) e bagaco de uva

micronizado (BUM)

Fonte: (AUTOR, 2019).
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34  CARACTERIZACAO DOS SNACKS EXTRUSADOS

3.4.1 Densidade aparente e indice de expansao

A densidade aparente (DA) foi calculada segundo Alvarez-Martinez, Kondury e
Harper (1988), de acordo com a seguinte formula:

Densidade aparente = 4m/md?L

Onde m ¢é a massa (g) de um comprimento L (cm) de um extrusado de didmetro d
(cm). O resultado foi expresso em g/cm?.
O indice de expansdo radial (IER) foi determinado com paquimetro digital ao

estabelecer a relagdo entre o didmetro central do extrusado (D) e o didmetro da matriz (DO):

. . ) didmetro central do extrusado\?
Indice de expansao radial = ( — - )
didmetro da matriz

3.4.2 Indices de absorcéo de 4gua e solubilidade em agua

O indice de absor¢do de agua (IAA) e o indice de solubilidade em agua (ISA) foram
determinados segundo metodologia proposta por Anderson et al. (1969). Previamente, as
amostras foram moidas e padronizadas quanto ao tamanho de particula em peneiras de 0,42
mm. Para o IAA, a amostra (2,5 g) (PA) foram adicionados 30 mL de &4gua destilada a 28°C e,
apos agitacdo (30 minutos) e centrifugacdo (3000 rpm/10 minutos), o sobrenadante foi
transferido, cuidadosamente, para cadinho de porcelana previamente tarado. Em seguida,
procedeu-se a secagem (105°C/12 horas) para obtencdo do peso do residuo de evaporagdo
(PRE). O material remanescente, correspondente ao residuo de centrifugacdo, também foi
pesado (PRC). O IAA foi calculado como g de amostra em relacdo a g de gel:

. PRC
Indice de absorg¢ao de agua = (ﬁ) — PRE

O ISA representa a relacdo entre o peso do residuo de evaporacdo (PRE) e 0 peso

inicial da amostra (PA), multiplicados por 100, segundo a férmula:
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. PRE
Indice de solubilidade em agua = (ﬁ) X100

3.4.3 Composicdo centesimal e conteado de minerais

As amostras, previamente moidas e padronizadas quanto ao tamanho de particula
(0,42 mm), foram avaliadas quanto a composi¢do centesimal, como descrito em 3.2.1.

O teor de amido total foi analisado segundo o método 996.11 da AOAC com
modificagOes propostas por Walter, Silva e Perdomo (2005). Os resultados foram expressos
em g por 100 g de amostra em base seca.

Os minerais (potassio, magnésio, célcio, manganés, ferro, zinco, cobre, fdsforo,
enxofre e boro) foram quantificados através de metodologia descrita por Malavolta, Vitti e de

Oliveira (1987). Os resultados foram expressos em mg por kg de amostra em base seca.
3.4.4 Cor

Os extrusados foram avaliados quanto a cor objetiva (L*, a*, b*) através de
colorimetro CM-700d (Konica Minolta, Osaka, Japéo), utilizando iluminante D65 e angulo de
10°. A partir deste, foram obtidos os parametros de luminosidade L* [0 (preto) a 100
(branco], a* [cromaticidade do verde (—60) a vermelho (+60)] e b* [cromaticidade do azul (-
60) a amarelo (+60)]. As leituras foram realizadas em diferentes pontos da amostra,
previamente moida e padronizada quanto ao tamanho de particula (0,42 mm) como

recomendado por Selani et al. (2014), totalizando 6 medi¢6es por formulacdo (Figura 5).

Figura 5 — Cor dos extrusados de batata doce (BD), bagaco de uva (BU) e bagaco de uva
micronizado (BUM)

Fonte: (AUTOR, 2019).
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3.45 Textura instrumental

A textura instrumental foi avaliada utilizando texturdmetro TA-XTPlus (Stable
Microsystems, Ltd, Godalming, UK) segundo Bender et al. (2016). Utilizou-se probe HDP-
BS, velocidade do pré-teste 1,5 mm/s, velocidade do teste 1,0 mm/s, velocidade do pds-teste
10,0 mm/s e distancia 10 mm. A forca de gatilho foi estabelecida como 0,049 N. A anélise foi

realizada com dez repeticdes e o resultado foi expresso como dureza em Newton (N).

3.4.6 Microscopia Eletrénica de Varredura

A morfologia das particulas foi observada através de microscopio eletrénico de
varredura com feixe de elétrons de 10 kV. As amostras foram metalizadas com uma fina

camada de ouro e as imagens foram coletadas com ampliacbes de 50X.

3.4.7 Compostos fendlicos, antocianinas monoméricas totais e capacidade antioxidante

Para obtencdo do extrato, prosseguiu-se a extracdo como descrito em 3.2.6.1.

A determinacdo do conteudo de fendlicos totais foi realizada seguindo metodologia
proposta por Singleton e Rossi (1965) adaptada para microplaca. Ao extrato da amostra (20
pL) foram adicionados 100 pL do reagente de Folin-Ciocalteu 1N e 80 pL de carbonato de
sodio 7,5%. Apobs 2 horas de repouso a temperatura ambiente, a absorbancia foi mensurada a
765 nm em leitora de microplacas. O resultado foi expresso em mg equivalentes em &cido
galico por 100 g de amostra em base seca.

As antocianinas monomericas totais foram determinadas através da metodologia de pH
diferencial (GIUSTI; WROLSTAD, 2001) nas amostras contendo bagaco de uva e bagaco de
uva micronizado. Previamente, o extrato da amostra foi diluido diretamente em tampao
cloreto de potéssio 0,025 M (pH 1,0) e em tampdo acetato de sédio 0,4 M (pH 4,5). A
absorbancia foi medida a 515 nm e 700 nm apds 15 minutos de reagdo, em espectrofotometro.
O contetdo de antocianinas monoméricas totais foi calculado utilizando o peso molecular
(493,5) e o coeficiente de extingdo molar da malvidina-3-glicosideo (29.500). Os resultados
foram expressos em mg equivalentes de malvidina-3-glicosideo em 100 g de amostra seca.

A capacidade antioxidante foi avaliada através da remocdo do radical 2,2’-azinobis (3-

etilbenzotiazolina-6-acido sulfénico) (ABTS™) segundo metodologia de Re et al. (1999)
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adaptada para microplaca. Foram pipetados 270 pL da solugdo contendo o radical ABTS e a
leitura foi realizada a 750 nm em leitora de microplacas. Apo6s, foram adicionados 30 pL do
extrato da amostra e monitorou-se a absorbancia a 750 nm por 15 minutos. Os resultados
foram expressos em mmol equivalentes de Trolox em 100 g de amostra seca.

A capacidade de absorcéo do radical oxigénio foi estimada como descrito em 3.2.6.5.

3.4.8 Digestibilidade do amido in vitro

A digestibilidade do amido foi avaliada através do método da AOAC 996.11 (AOAC,
1995) modificado por Walter, Silva e Perdomo (2005). A amostra (0,3 g) foram adicionados
etanol aquoso 80% (0,2 mL), tampéo fosfato de soédio pH 6,0 (3,0 mL) e 0,1 mL de alfa-
amilase (Liquozyme Supra 2.2x, Novozymes Latin America, Araucéria, Brasil),
prosseguindo-se a hidrélise a 95°C por 5 minutos. Apds, foram adicionados 0,1 mL de
protease (Alcalase 2.4L, Novozymes Latin America, Araucaria, Brasil) e incubou-se a 60°C
por 30 minutos. Em seguida, tampéo acetato de s6dio 200 mM pH 4,5 (4,0 mL) e 0,1 mL de
amiloglicosidase (AMG 300L, Novozymes Latin America, Araucéria, Brasil) foram
adicionados. Apo6s incubagdo (60°C/30 minutos) e centrifugacdo (3000 rpm/10 minutos), o
sobrenadante foi transferido para baldo volumétrico de 100 mL.

Ao precipitado, adicionou-se tampdo acetato de s6dio 50 mM pH 4,5 (10 mL),
procedendo-se a centrifugacdo (3000 rpm/10 minutos). Esta etapa (lavagem) foi repetida mais
duas vezes. Completou-se o volume do baldo com agua destilada e a solucdo foi utilizada para
determinacéo do amido disponivel. Ao residuo, foram adicionados dimetilsulfoxido (2,0 mL)
(95°C/5 minutos), tampéo fosfato de sédio pH 6,0 (3,0 mL) e 0,1 mL de alfa-amilase. Apos
incubacdo (95°C/5 minutos), tampdo acetato de sédio 200 mM pH 4,5 (4,0 mL) e 0,1 mL de
amiloglicosidase foram adicionados.

Na sequéncia, a hidrolise foi realizada a 50°C por 30 minutos e a centrifugacéo a 3000
rpm por 10 minutos. O sobrenadante foi transferido para baldo volumétrico de 10 mL, o qual
teve o0 volume aferido com agua destilada. Esta solucdo foi utilizada para determinacgdo do
amido resistente. Para ambas as determinagdes, a aliquota (20 pL) da amostra foram
adicionadas 1,0 mL do reagente glicose oxidase peroxidase (Glicose Liquiform, Labtest
Diagnostica S.A., Lagoa Santa, Brasil). A glicose foi medida em espectrofotdmetro a 505 nm
e os contedos de amido disponivel e resistente foram calculados multiplicando o resultado
final por 0,9 (para converter glicose livre em amido). Os resultados foram expressos em g por

100 g de amostra em base seca.
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O indice glicémico foi estimado segundo Simonato et al. (2019) com modificacdes. A
amostra (0,1 g) foram adicionados 4 mL de tampéo fosfato de sédio (pH 6,0) contendo alfa-
amilase pancreética (40 mg) e amiloglicosidase (4 pL). A reacdo foi conduzida em banho com
agitacdo a 37°C por 0, 30, 60, 120 e 180 minutos e interrompida com adicdo de etanol
absoluto. Apds centrifugacdo (3500 rpm/10 minutos/8°C), o sobrenadante foi coletado e o
teor de glicose foi mensurado, em espectrofotometro, com o0 reagente glicose oxidase
peroxidase (Glicose Liquiform, Labtest Diagnoéstica S.A., Lagoa Santa, Brasil) a 505 nm. O
indice de hidrélise (IH) foi calculado como o percentual entre a area sob a curva de cada
amostra e a area sob a curva de um alimento padrdo (pao branco). O indice glicémico predito
(IGp) foi considerado segundo Gofii, Garcia-Alonso e Saura-Calixto (1997):

IGp =39.71 + 0.549 IH

3.4.9 Analise microbioldgica e atividade de agua

Segundo a RDC n° 12 de 2 de janeiro de 2001, da Anvisa, (ANVISA, 2001) as
analises microbioldgicas obrigatorias para a avaliacdo das condicfes higiénico-sanitarias de
produtos sélidos prontos para o consumo (petisco e similares) sdo coliformes a 45°C e
Salmonella. Além disso, foram avaliados bolores e leveduras. Estas analises foram realizadas
segundo as metodologias propostas por Downes e Ito (2001) e 1ISO 6579 (2002).

A atividade de agua (aw) foi mensurada em equipamento Aqualab® a 20 £ 0,1°C.

3.4.10 Andlise sensorial

O teste afetivo de aceitagdo sensorial foi conduzido em cabines individuais com luz
branca, a temperatura de 24°C, com 100 provadores néo treinados, de ambos 0s sexos (57%
sexo feminino e 43% sexo masculino) e idade média de 27 anos (19 a 64 anos). O estudo foi
aprovado pelo Comité de Etica em Pesquisa da Universidade Federal de Santa Maria, sob o
nimero CAAE 98260718.2.0000.5346.

Todos os julgadores receberam informacdes a respeito dos objetivos e riscos da
pesquisa, conforme os procedimentos éticos preconizados pela Resolugdo n° 466/2012 do
Conselho Nacional de Saude e puderam aderir livremente a pesquisa por meio de Termo de
Consentimento Livre e Esclarecido (Apéndice B). A andlise foi realizada através de ficha

sensorial com escala hedonica de 7 (sete) pontos, variando de 1 — desgostei muitissimo a 7 —
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gostei muitissimo (Apéndice C). As amostras codificadas aleatoriamente com trés digitos,
foram oferecidas separadamente aos provadores em copos de polipropileno transparentes em
quantidade suficiente (aproximadamente 2 g) para a analise dos atributos cor, aroma, sabor,
textura e aceitacdo global (Figura 6). A intencao de compra foi avaliada utilizando escala de 5
(cinco) pontos, variando de 1 — certamente ndo compraria a 5 — certamente compraria

(Apéndice C). Agua foi fornecida aos provadores entre as amostras.

Figura 6 — Snacks extrusados de batata doce (BD), bagago de uva (BU) e bagaco de uva
micronizado (BUM) avaliados na andlise sensorial

Fonte: (AUTOR, 2019).
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ABSTRACT: Dietary fiber plays an important physiological role, which is directly linked to its physicochemical properties, water-holding,
oil-binding, and cation-exchange capacities. These properties can be altered by employing enzymatic, mechanical, and physical processes.
Enzymatic and chemical processes require solvents and special conditions that make it unfeasible to use. Thus, the use of physical methods, such
as micronization and extrusion, make promising options to change the physicochemical properties of dietary fiber. In this way, this review aimed
to approach relevant information about the use of physical processes, specifically micronization and extrusion, for this purpose. Furthermore,
conceptual aspects, such as definition, classification, and properties of dietary fiber and mainly characteristics about the micronization and
extrusion processes, are reported. Micronization and extrusion are based on the decrease of the particle size to a micro scale and on the
combination of high temperature, mechanical shearing and pressure, respectively. Applying these methods, modifications on the food matrix
occurred by increasing the surface area and disruption of the glycosidic bonds. Consequently, there is a change in physicochemical properties
of dietary fiber;, which predict the physiological effect associated with dietary fiber consumption, such as decrease in blood cholesterol and
glucose levels and improvement of intestinal transit. Moreover; these changes increase the bio accessibility of bioactive compounds present in
the food matrix and improve the antioxidant capacity of products.

Key words: grinding, hydration properties, mechanical shearing, particle size, soluble dietary fiber.

Efeito dos processos de micronizacio e extrusio nas propriedades
fisico-quimicas da fibra alimentar

RESUMO: A fibra alimentar desempenha importante papel fisiologico, o qual esta diretamente ligado as suas propriedades fisico-quimicas
de capacidade de retengdo de agua, ligagdo ao dleo e a cations. Estas propriedades podem ser alteradas empregando-se métodos enzimaticos,
quimicos e fisicos. Métodos enzimdaticos e quimicos requerem solventes e condigdes especificas que mviabilizam sua utilizagdo. Assim, o
emprego dos métodos fisicos, tais como micronizagdo e extrusdo, tornam-se alternativas promissoras para alterar as propriedades fisico-
quimicas da fibra alimentar. Desta forma, este trabalho visa abordar informagées relevantes sobre o uso dos processos fisicos, especificamente
micronizagdo e extrusdo para essa finalidade. Além disso, aspectos conceituais como definigdo, classificagdo e propriedades da fibra alimentar
e as principais caracteristicas dos processos de micronizagdo e extrusdo sdo relatados. Micronizagdo e extrusao baseiam-se na diminuigdo do
tamanho de particula para microescala e na combinagdo de alta temperatura, pressdo e forca de cisalhamento, respectivamente. Aplicando-
se estes métodos, modificagdes na matriz alimenticia ocorrem pelo aumento da drea superficial e rompimento das ligagées glicosidicas da
matriz ali . Conseq , sdo observadas alteragdes nas propriedades fisico-quimicas da fibra alimentar, as quais predizem o
efeito fisiolégico associado ao seu consumo, como diminuigéo dos niveis de colesterol e glicose sanguineos e a melhora do trdnsito intestinal.
Ademais, essas alteragées aumentam a bioacessibilidade dos compostos bioativos presentes na matéria-prima alimenticia e melhoram a
capacidade antioxidante dos produtos obtidos.

Palavras-chave: moagem, propriedades de hidratagdo, cisalhamento mecanico, tamanho de particula, fibra alimentar solivel.

INTRODUCTION and in the physiology of the gastrointestinal tract, as

well as ensuring slower absorption of nutrients and

In the face of increasing demand from
consumers for a healthy and balanced lifestyle, besides
that the population eats deficiently in quantity and
quality, it is important to include dietary fiber in the diet.
This nutrient plays important roles in the body, such as
interference inthe metabolism of lipids and carbohydrates

promoting a feeling of satiety.

Recent research has shown that a high
fiber diet decreases the concentration of physiological
markers associated with cardiovascular risk, such
as total cholesterol, low density lipoprotein and
triglycerides (CHEN et al., 2014). The effect is related
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to the physicochemical properties of dietary fiber,
water-holding, oil-binding, and cation-exchange
capacities. Besides the absomption of bile acids,
which have significant roles in the prevention of
diet-dependent diseases (obesity, atherosclerosis and
colon cancer), as well as nitrite absorption capacity,
which is related to the protection against gastric
cancer (ZHU et al., 2015).

The most pronounced beneficial effects
of dietary fiber are associated with its soluble
fraction. However, in most of cases, insoluble fiber
is reported in higher amounts in food matrices.
Thus, this fraction can be converted into soluble
fiber by physical methods, which modify the
nutritional properties of the final product (HUANG
& MA, 2016). Changes in fiber structures, both
internal and external, affect its physicochemical
properties, through a larger surface and an internal
area, and the activation of more water and oil
molecules (YAN et al., 2015).

Micronizationand extrusion processing are
physical methods used to change the physicochemical
properties of dietary fiber. Both processes could be
considered not harmful to the environment due no
residues generation, with great altematives for this
purpose. However, it is important to understand the
processes for comprehending the changes that they
occur. In this way, this review aimed to address the
use of physical methods, micronzation and extrusion,
as alternatives to improve the physicochemical
properties of dietary fiber.

Definition, classification and composition of dietary fiber

Dietary fiber is defined as “edible part of
plants or analogous to carbohydrates that are resistant
to digestion and absorption in the small intestine,
with complete or partial fermentation in the large
intestine. Dietary fiber includes polysaccharides,
oligosaccharides, lignin and associated substances to
plants™ (AACC, 2001), such as phenolic compounds
(VITAGLIONE et al., 2008). They are abundant in
vegetable products such as fruits, vegetables and
grains (DENG et al., 2011).

Dietary fiber consists of carbohydrate
polymers that make up the cell wall of vegetables,
including cellulose, hemicellulose and pectins, as
well as polysaccharides from plants or obtained from
algae, like gums and mucilages and oligosaccharides,
such as inulin. In addition, associated substances,
mainly lignin and minor compounds (cutin, saponin
and polyphenols) are included as components of
dietary fiber (VITAGLIONE et al., 2008; MUDGIL
& BARAK, 2013).

Fibers are divided into two fractions,
according to their solubility in water: insoluble
fraction and soluble fraction. Insoluble fiber fraction
is predominant in bran, leafy vegetables and
grains and it consists mainly of insoluble cell wall
components (cellulose, insoluble hemicelluloses and
lignin) (ELLEUCH et al., 2011).

The physiological effect related to this
fraction is associated with the decrease in intestinal
transit time (DAI & CHAU, 2017). Components of
insoluble dietary fiber can increase fecal bulk by their
water holding capacity that helping prevent and relieve
constipation. By absorbing water, these components
also absorb possible carcinogens, preventing colon
cancer. However, they are minimally fermented by
the intestinal microflora and; therefore, are poorly
metabolized (MUDGIL & BARAK, 2013).

The soluble fiber fraction consists
of structural non-starch polysaccharides, such
as P-glycans, arabinoxylans, pectins, some
hemicelluloses; and also substances like gums and
mucilages (ELLEUCH et al., 2011; MUDGIL &
BARAK, 2013). The physiological effect of this
fraction is associated with delayed gastric emptying
(greater satiety). Due their viscosity, soluble fibers
form a superficial area along the small intestine,
which slows digestion of nutrients by preventing
bulk diffusion of foods across the intestinal
lumen. Furthermore, the increased viscosity slows
the absorption of glucose and lipids (KENDALL
et al., 2010).

Unlike the insoluble fraction, the soluble
fiber is selectively fermented in the large intestine
by acidolytic bacteria, producing high concentrations
of short chain fatty acids (SCFA), mainly acetate,
propionate and butyrate. In the intestine, SCFAs
function as protective agents for diseases like
diarrhea, intestinal inflammation and colon cancer.
Concomitantly, fermented fibers are converted into
nutrients that stimulate growth and activity of beneficial
bacteria, such as Bifidobacteria and Lactobacilli in the
colon, increasing their levels (MUDGIL & BARAK,
2013). Consequently, this condition improves host
health (DAI & CHAU, 2017).

In general, residues derived from processed
fruits and vegetables contain high amounts of soluble
dietary fiber and a better insoluble/soluble fiber
ratio (HUANG & MA, 2016). This fact is relevant
because the relation is important for both, food and
physicochemical properties. The soluble fraction,
in comparison to the insoluble portion, presents a
greater ability to form gels (YAN et al., 2015) and
greater effectiveness in the maintenance of systemic
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health. The insoluble portion can be converted to
soluble fiber by physical methods. So, changes in
nutritional properties and texture of the product may
occur (HUANG & MA, 2016).

Physicochemical properties of dietary fiber

The solubility of dietary fiber confers
differences in functional and technological
properties. Soluble fibers are characterized by
the ability to increase viscosity, reduce glycemic
response and plasma cholesterol (ABDUL-HAMID
& LUAN, 2000; KENDALL et al., 2010) as well
as to demonstrate a better ability to form gels and/
or act as emulsifiers, compared to the insoluble
fraction (ELLEUCH et al., 2011). Insoluble fibers
are characterized by porosity, low density, ability
to increase fecal bulk and decrease intestinal
transit time that alleviating constipation and
improving regularity (DAI & CHAU, 2017). These
physiological effects of dietary fiber depend mainly
on their physicochemical properties, such as water-
holding, oil-binding and cation-exchange capacities
(MUDGIL & BARAK, 2013).

Water-holding capacity is a measure
used to evaluate the water absorption capacity of
fibers. Its measurement is based on the amount of
water that remains attached to hydrated fibers with
the application of an external force (pressure or
centrifugation) (DU et al., 2014). The hydration or
water retention properties of dietary fiber are related
to the chemical structure of the polysaccharides,
besides the porosity, particle size, ionic form, pH
and temperature. The fiber source is extremely
related to the hydration capacity. Fibers from fruit
by-products have higher affinity for water than
residues from cereal processing. Such differences
are related to the chemical properties of fibers
(ELLEUCH et al., 2011).

Oil-binding capacity is defined as the
amount of oil retained by fibers after mixing,
incubation and centrifugation steps (ELLEUCH et
al., 2011). This measure is influenced by the surface
properties, as well as the density of the loads and
hydrophobic nature of the constituents of dietary fiber.
Increase in oil-binding capacity is directly related to
the effects of cholesterol absorption. By attaching
more effectively oil, the particulate material prevents
or delays the absorption of blood cholesterol and thus
decreases the circulating levels (CHAU et al., 2007).

According to water and oil-holding
capacities, the use of fiber in food products is
suggested. Dietary fibers with high oil-binding
capacity can be used to stabilization of products with

high lipid content and emulsions, such as sausages.
However, dietary fibers with high hydration capacity
can be used as functional ingredients to prevent
syneresis and to modify viscosity and texture in food
products such as jellies and breads (GRIGELMO-
MIGUEL et al., 1999; MUDGIL & BARAK, 2013).

Cation-exchange capacity relates the ability
of the fibrous matrix to bind ions and hold them on
its surface. Thus, the reduction of the bioavailability
of minerals and trace elements to the body from the
gastrointestinal tract, is one of the key elements of
dietary fiber consumption (DAOU & ZHANG, 2012).
As aresult of the increase of cation-exchange capacity,
a lipid emulsion destabilization occurs. Consequently,
a reduction of lipid diffusion and absorption occurs,
causing a decrease in blood triglyceride and cholesterol
levels (CHAU et al., 2007).

Other in vitro analyzes to evaluate the
physicochemical properties of dietary fibers include
nitrite ion absorption capacity and glucose absorption
capacity. Nitrite is a reactive ion and may react
with amines or amides under acidic conditions and
form nitrous compounds with human carcinogenic
potential. The ability of nitrite removal may be a
contributing factor in the possible role of high-fiber
ingredients for protection against gastric cancer (DU
etal., 2014).

The absorption capacity of glucose is
related to the ability of dietary fiber to hinder diffusion
of glucose and adsorb glucose by imprisoning it in
the fibrous matrix. Because of this, there is a decrease
in postprandial glucose concentration available for
absorption in the intestinal lumen, and thus, may have
hypoglycemic effects (CHAU et al., 2007).

Methods for dietary fiber modification

The physicochemical properties of dietary
fiber can be modified with chemical, enzymatic, and
physical methods. Chemical methods are based on
acidic and/or basic hydrolysis for destruction of the
cell wall. Hydrolysis of the cell wall polysaccharides
may lead to an increase in soluble fiber content.
Enzymatic treatment is also able to modify the
relation between soluble and insoluble fiber, acting
in specific binding sites of the fiber molecules; for
example, application of xilanases for disruption
of the cell wall, increases the soluble fiber content.
However, it is known that enzymes act under
optimum temperature conditions and a minimum
incubation time is necessary (GUILLON & CHAMP,
2000; ELLEUCH et al., 2011).

Therefore, the physical methods arise
as an alternative for food processing that cause the

Ciéncia Rural, v.49, n.7, 2019.
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region-chemistry change of the surface area, directly
related to the physicochemical properties (absorption
or binding of molecules), being responsible for some
physiological effects of dietary fiber in the body
(GUILLON & CHAMP, 2000). Micronization and
extrusion are examples of physical methods used
to improve the functional properties of dietary fiber
present in different food raw materials.

Micronization involves the reduction of
particle size and is linked to changes in the surface
area and functional properties of the ingredients
tested. Extrusion involves heating in combination
with homogenization, characteristics that also alter
the functional properties of dietary fiber (DAOU &
ZHANG, 2012).

Micronization or ultrafine grinding

Micronization or ultrafine grinding is a
physical process that reduces the size of dietary fiber
particles for a given micro scale (size from 1 nm to
100 pm) (ZHANG et al., 2016), improving some
of its physicochemical properties, such as water-
holding and oil-binding capacity; solubility; ability of
“cation-exchange” and adsorption of glucose; and the
inhibitory activity of pancreatic lipase and a-amylase
(CHAU et al., 2007; DAOU & ZHANG, 2012).

The use of ultrafine grinding technology
presents great potential for use in nutraceutical and
functional foods. By reducing the particle size;
consequently, there is an increase in the surface area
and, thus, the constituents of the ultra-fine particles
are easily absorbed in the gastrointestinal tract by
increasing the quality of the food products into which
they are incorporated. In addition, the antioxidant
components are maintained (DU et al., 2014).

Different techniques can be used to produce
ultra-fine particles. One of the most traditional
techniques makes use of the ball milling, which there
is direct contact of the device with the material to
be milled and the container is moved in three axial
directions. Thus, the materials are sprayed and mixed
by repeated high energy impacts. Friction of the
starch and the water molecules against each other and
against the balls and walls of the container produces
heating that contributes to modify the properties of
the starch granules and also of the other constituents
of the food (dietary fiber and protein, for example)
(WANG et al., 2009).

Another technique used is the jet milling,
classified as a fluid energy impact milling technique,
widely used for the production of ultra-fine powders.
The jet mill is a static machine without milling media;
the milling component consists of a chamber with a

nozzle or nozzles and the particles to be sprayed are
accelerated by the air pressure or steam jet. The effect
of milling is produced by the collision between the
particles or by impact against the solid surfaces of the
equipment (DRAKOS et al., 2017).

Extrusion

Extrusion is commonly used in the
preparation of snacks and breakfast cereals, assuming
that it changes the chemical structure of food,
especially starch products, since high temperatures
facilitate the gelatinization of starch (AKDOGAN,
1997; SOUZA & ANDRADE, 2000). Extrusion is a
mechanical shear method involving the modification
of the food matrix through association between
temperature and pressure (DAOU & ZHANG, 2012).
The mechanical stress is capable of breaking the
glycosidic bonds of the fibrous matrix, increasing
the soluble fiber content, often used as a prebiotic
(VITAGLIONE et al., 2008). This method is also
useful for protein breakdown, being important
because it increases the bioavailability of some
amino acids, improving the nutritional quality of food
sources (ASCHERI et al., 2006).

The mechanical treatment completely
disorganizes the original structure of the material
(DAOU & ZHANG, 2012). During the extrusion,
fiber solubilization may occur depending on the
severity of the process (high temperature, high
screw speed and low moisture content). Mechanical
stress during the process may cause degradation of
glycosidic bonds of the polysaccharides, leading
to release of oligosaccharides and; consequently,
the increase of the soluble fraction of fiber
(VITAGLIONE et al., 2008).

Moreover, this mechanical modification
has the ability to elevate the antioxidant capacity
of the food, since this process breaks polyphenolic
bonds associated to dietary fiber, increasing the
bioaccessibility of the bioactive compounds
present in raw material (MORALES et al., 2015).
Since these compounds are sensitive to high
temperatures, extrusion conditions (temperature,
moisture, pressure, feed rate, screw speed)
must be optimized for each array to be extruded
(CHALERMCHAIWAT et al, 2015; LEVYA-
CORRAL et al., 2016).

It is also worth noting that extrusion
process can be considered environmentally friendly
due to cost reduction, mainly with the treatment
of the generated residues (CHEN et al., 2014), in
relation to the chemical treatments of modification of
dietary fiber.
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Influence of physical methods on the physicochemical
properties of dietary fiber

As mentioned, the reduction of dietary
fiber particle size to a micro scale improves its
physicochemical properties (CHAU et al., 2007),
such as water-holding, swelling, oil-binding and
cation-exchange capacities (Table 1).

CHAU et al. (2007) evaluated different
methods of micronization (ball milling, jet milling and
high pressure micronizer) to reduce the particle size
of insoluble fiber from carrot. The authors reported
that the influence on the functional properties of raw
material is greater when the particle size is smaller.
These results represented an increase in water-
holding, oil-binding and cation-exchange capacities.
Increasing in water-holding capacity is due to increase
in the number of water-binding sites (WANG et al.,
2009) with consequent increase in solubility caused
by the diffusion of the water-soluble molecules
(ZHAO et al., 2015). During micronization, there is
a change in the porosity of fibrous matrix, with an
increase in the surface area, causing a redistribution

of insoluble components to soluble ones, through the
solubilization of protein and pectic substances.

A similar result was reported by DU et
al. (2014) in the production of ultra-fine powders
from hull-less barley. In addition to the physical and
chemical characteristics of the micronized products,
the antioxidant capacity indicated an increase in
DPPH  (2,2-diphenyl-1-picryl-hydrazyl) radical
capture capacity and in Ferric Reducing Antioxidant
Power (FRAP). Main constituents responsible for
this increase in antioxidant activity are the phenolic
compounds, which are exposed after alteration or
destruction of the macromolecular matrix caused
by micronization process and, thus, act as inhibitors
or free radical scavengers in the body (ZHU et al.,
2014a; ZHAO et al., 2015).

In the study with hull-less barley bran,
ZHU et al. (2015) related increase in soluble fraction
of dietary fiber after ultra-fine milling as a beneficial
factor. This portion helps to decrease blood cholesterol
levels as well as control blood glucose levels. The
reason for these benefits is the ability of soluble

Table 1 - Effect of micronization on the physicochemical properties and dietary fiber content of different food matrices.

Food matrix Treatment WHC (g water/g)
' Control (123 pm) 125
Ball milling
(12.4 ym) 13.00
9 Jet milling
Carrot IDF (283 ym) 126
High-pressure
micronization 425
(7.23 pm)
Regular grinding
Hull-less barley (L72:48 ja) -
Ultra-fine grinding 319
(11.74 pm)
Regular grinding 123
Grape pomace (1329 ) -
Ultra-fine grinding 290
(7.06 pm)
Regular grinding 123
Tuciwheabtatl (222.41 pm) o
uciavheat iuts Ultra-fine grinding 216
(12.5 pm) :
Regular grinding 295
- (74.31 pm) -
Hull-less barley bran B T
Ultra-fine grinding 1953
(14.06 pm)

‘Results are expressed as percentage of dry matter.

*

OBC (goillg)  TDE IDF SDF Reference
1.92 - - -
1.99 = - -
322 s = = CHAU et al., 2007
56 - - -
0.96 13.55 9.76 3.79
DU et al, 2014
483 1427 7.64 6.63
0.97 8617  68.00 1727
ZHU et al , 2014b
143 8247 5597 2650
1.00 8683 7027  16.00
ZHU et al,, 2014a
1.43 8323 5663 2660
1.74 76.5 68.2 6.46
ZHU et al, 2015
2.03 72.00 54.4 16.1

WHC=water-holding capacity. OBC=oil-binding capacity. TDF=total dietary fiber. IDF= insoluble dietary fiber. SDF= soluble dietary

fiber.
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fraction to absorb water and form gel, delaying the
emptying of the stomach, which contributes with a
weight control.

DRAKOS et al. (2017) used jet mill to
produce ultra-fine powders from barley and rye flours
and observed an increase of damaged starch with
the ultra-fine milling process, which increased the
water-holding capacity of the powders. This occurs
due to greater water absorption and the interactions
between the starchy and non-starchy components
(proteins and fiber matrix). In the same study, authors
pointed out that the decrease of particle size produces
a decrease in the content of phenolic compounds, due
to the formation of aggregates during milling. What
is expected, as observed by HU et al. (2012), is an
increase in this amount, with consequent increase in
antioxidant activity.

In general, micronization method causes a
structural reorganization and the structural changes
from ordinate to disordered (amorphous) by breaking
intermolecular bonds, obtaining smaller fractions
after milling, causing changes in the original structure
and; consequently, changes in physicochemical
properties (ZHAO et al., 2015). The components
of dietary fiber are redistributed mainly by the
breakdown/degradation of hemicellulose, cellulose
and lignin, which are converted into lower molecular
compounds (ZHU et al., 2014b).

Using extrusion as a method to improve
the functional properties of dietary fiber, attention
should be paid to the temperature being used in
the process (Table 2). JING & CHI (2013), while
evaluating the effect of different extrusion conditions
on the soluble fiber content of soybean residue,
reported that the maximum temperature to be used

for extrusion of this raw material is 110°C; above this
temperature, a decrease of the soluble fiber content
occurs due to the depolymerization of the glycosidic
bonds of the polysaccharides induced by the increase
in temperature. In the same study, the authors
obtained increased dietary fiber solubility (hydration
capacity), as well as levels of soluble fiber and water-
holding, and oil-binding capacity. High temperature
used in the extrusion process modifies the structural
characteristics of fiber, facilitating absorption of
water and oil.

YAN et al. (2015) did not observe a
significant difference for protein, lipid, ash and starch
contents between non-extruded and extruded wheat
bran samples. As well as HUANG & MA (2016) for
the extruded orange pomace, these authors stated that
heating during the extrusion process modifies the
texture of the food material by breaking the structure
of dietary fiber components of the vegetables,
increasing levels of xylose, mannose, glucose and
uronic acid. The extrusion process retains the water
inside the fibrous matrix, so there is an increased
water-holding capacity, while oil-binding capacity is
related to the polysaccharide structure of the fiber and
is influenced by the surface properties, charge density
and the hydrophilic nature of the fiber particles
(HUANG & MA, 2016).

Less pronounced increases in soluble
fiber content were observed by HONCU et al
(2016) when evaluating changes in barley dietary
fiber components during the extrusion process. This
fact is due to dietary fiber content being dependent
on the composition of the material being extruded
and process parameters. By means of microscopy,
the structure of the extruded material was shown

Table 2 - Effect of extrusion processing on the physicochemical properties and dietary fiber content of different food matrices.

Food matrix Treatment WHC (g water/g)
; Not extruded 7.99
S due
oybean resi e o5
Not extruded -
Wheat b
et b Extruded -
i Not extruded 5.80
range pomace Extruded R
Not extruded -

Barley Extruded .

‘Results are expressed as percentage of dry matter.

OBC (goilg)  TDF

7742
97.08

1.23
0.84

. .

IDF SDF’ Reference

63.03 60.82 205
63.09 50.39 12.65
43.20 3338 982
44.16 27.04 16.76
63.83 46.52 17.3
63.36 30.29 33.57

18.14 10.00 6.80
16.71 878 817 HONCU et al., 2016

JING & CHI, 2013

YAN etal, 2015

HUANG & MA, 2016

WHC=water-holding capacity. OBC=oil-binding capacity. TDF=total dietary fiber. IDF=insoluble dietary fiber. SDF=soluble dietary

fiber.
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to be compact, with partially gelatinized starch,
partially denatured protein and rearrangement of
dietary fiber components. In addition, the increase
in soluble fiber is due to the transglycosylation in
which the 1,4 bonds between carbon and oxygen are
cleaved and new anhydroglucose bonds are formed.
Decrease in insoluble fiber levels may be due to the
degradation of insoluble polysaccharides, cellulose
and hemicellulose, into simple sugars (ELLEUCH
etal., 2011).

One way of ascertaining the efficiency
of in vitro test results is by in vivo analysis. CHEN
et al. (2014) evaluated the effect of extrusion on
the soluble fiber content from soybean residue in a
mice fat- and cholesterol-rich diet. Initially, there
was an increase in the content of soluble fiber in
the extruded material compared to the non-extruded
one. Regarding the in vivo assay, the incorporation
of extruded dietary fiber into the diet decreased the
concentration of physiological markers associated
with cardiovascular risk, such as total cholesterol, low
density lipoprotein and triglycerides and increased
in the high density lipoprotein concentration. The
authors reported that these effects may be due to
the presence of carboxymethyl cellulose, which
imprisons the cholesterol crystals, due to their well
and pore morphology, forming a gel in the small
intestine, which positively contribute to bind the
crystals of excess cholesterol and facilitate excretion
of the organism.

CONCLUSION

Micronization and extrusion processes
can be used to improve functional properties of
dietary fiber, since both change its physicochemical
properties, such as water-holding capacity, oil-
binding, and cation-exchange capacities, associated
with the beneficial effects of consumption of dietary
fiber in the body. Research should be carried out
in order to understand the role of improving the
functional properties of dietary fiber in relation to
the products in which they are incorporated. As well
as the effect of these processes on improving the
functional properties of dietary fiber in vivo must
be investigated. Thus, it is possible to verify the
improvement on the functional properties of dietary
fiber in different food matrices.
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Abstract

In this study, the effects of micronization of grape pomace (GP) and fiber concentrate from
GP (FC-GP) on dietary fiber fractions, physicochemical properties, phenolic compounds, and
antioxidant capacity were evaluated. A factorial design with two independent variables (22) —
rotational speed and milling time — was used to determine the best milling conditions to
enhance the soluble dietary fiber (SDF) content. Constituents of insoluble dietary fiber, such
as cellulose and lignin, were broken down and the content decreased after milling, resulting in
increased SDF content, which indicates fiber compound redistribution. Ball milling had a
significant effect on reducing the particle size, as evidenced by scanning electron microscopy.
Moreover, FT-IR spectra revealed changes in typical absorption bands of polysaccharides.
After milling, powder solubility increased and water holding, oil and cation binding capacities
decreased. Furthermore, micronization enhanced phenolic compound extraction, mainly
catechin and epicatechin, and the antioxidant capacity evaluated by ABTS and ORAC assays.
The results obtained indicate that micronization modifies the dietary fiber composition of GP,

increasing possibilities for use as a functional ingredient in the food industry.

Keywords: Ball milling; grape pomace; ORAC assay; solubility; soluble dietary fiber.
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1. Introduction

The grape is one of the most cultivated fruit crops in the world and mainly used in
winemaking. In general, 20-30% of the weight of processing grapes is grape pomace (GP),
which is primarily composed of skins, seeds, stems, and the remaining pulp (Peixoto et al.,
2018) and represents an ecological and economical waste management issue (Fontana,
Antoniolli, & Bottini, 2013; Dwyer, Hosseinian, & Rod, 2014). Due to its composition, GP
can be used as a functional ingredient or to develop dietary supplements to increase dietary
fiber (DF) and phenolic compound consumption (Zhao, Zhu, Zhang, & Tang, 2015; Melo et
al., 2015). Dietary fiber and phenolic compounds present numerous benefits for human health,
including maintaining intestinal health and reducing the risk of chronic diseases including
cancer (Macagnan, Silva, & Hecktheuer, 2016; Ledn-Gonzalez, Jara-Palacios, Abbas,
Heredia, & Schini-Kerth, 2017).

The most pronounced beneficial effects of dietary fiber are associated with its soluble
fraction as a result of its fermentability and viscosity. Despite insoluble fiber being found in
higher amounts in GP, this fraction can be converted into soluble fiber by chemical,
enzymatic, and physical methods (Ain et al., 2019). Micronization is a physical process that
involves particle size reduction (Zhang et al., 2016). Ball milling is one of the most common
types of grinders used to micronize samples. It is a cost-effective milling method, simple to
operate, and not harmful to the environment due to its little or no residue generation (He et al.,
2014, Ramachandraiah & Chin, 2016). Milling balls and container walls move rapidly and
collide repeatedly, causing the materials to be mixed by repeated high energy. The friction of
the molecules against each other and against the balls and container walls contributes to
modify the properties of the material constituents, such as dietary fiber (Zhang et al., 2016).

Studies have confirmed that micronization can affect solubility and hydration

properties of dietary fiber (Zhao et al., 2015; Sheng et al., 2017; Hussain, Li, Jin, Yan, &
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Wang, 2018; Yan, Ye, & Chen, 2019). Milling speed and time are variables that influence the
ball milling process and require optimization (Ramachandraiah & Chin, 2016). Du, Zhu, &
Xu (2014) and Speroni et al. (2019) have demonstrated that micronization may enhance the
antioxidant capacity of dietary fiber as a result of release of phenolic compounds, which are
strongly linked or embedded in the food matrix.

In this context, the present study aimed to establish the best condition for the
micronization of GP and fiber concentrate from GP (FC-GP) using a factorial design with
SDF as response. Additionally, the objective was to evaluate the proximate composition of
GP and FC-GP and the effects of micronization on dietary fiber composition,
physicochemical properties, phenolic compounds, and antioxidant capacity. Previously, Zhao
et al. (2015) and Sheng et al. (2017) reported the effects of GP micronization. However, to
our knowledge, there is no information regarding the influence of this process on the
quantification of phenolic compounds and antioxidant capacity measured by ORAC assay.
Therefore, the information obtained here will serve to help understand the effects of ball
milling on the properties of dietary fiber from GP and may be used to develop dietary fiber

supplement foods.

2. Material and methods
2.1. Sample preparation

Vinicola Velho Amancio (Itaara, RS, Brazil) provided the grape pomace cv. ‘Malbec’
(Vitis vinifera L.), which is a red grape pomace from the winemaking process. After
fermenting for nine days, the by-product was pressed and collected. The sample was
dehydrated in a forced-air-drying oven at 50°C/24 h, milled, and sieved through a mesh (0.59
mm). The procedure for obtaining FC-GP was performed according to the method described

by Bender et al. (2017). The sample was first extracted in boiling ethanol (92.8%, v/v) (1:2
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solute: solvent ratio) and, after precipitation, the supernatant was discarded. Alcohol insoluble
material was re-extracted in ethanol 80% (v/v) twice. In each step, the supernatants were
discarded and the fiber concentrate dried in a forced-air-drying oven at 40°C/24 h.

The samples (GP and FC-GP) were evaluated for dry matter, ash, crude protein (N x
6.25), total dietary fiber (TDF), soluble dietary fiber (SDF), and insoluble dietary fiber (IDF)
according to AOAC (1995) methods. Fat was measured according to the Bligh & Dyer (1959)

method.

2.2. Ball milling treatment

Samples were micronized using a high planetary ball mill (model PM100, Retsch Co.,
Haan, Germany). Six 30 mm stainless steel balls were added into a stainless steel container
(250 mL) containing 15 g of the sample. A factorial design with two independent variables
(2%) — rotation and time — was used to determine the best milling conditions to enhance the
SDF content of each sample. The SDF content was measured according to AOAC (1995).
Then, samples were milled at different rotational speeds (300, 375, and 450 rpm) and milling
times (30, 60, and 90 min). The central design point was run in triplicate with 11 experiments
for each fraction. The best condition to increase SDF content was established for GP and FC-

GP.

2.3. Dietary fiber content

The TDF, including SDF and IDF were determined according to AOAC (1995)
methods. Neutral detergent fiber, acid detergent fiber, cellulose and lignin content were
performed according to Goering & Van Soest (1970). Hemicellulose content was calculated

as the difference between neutral detergent fiber and acid detergent fiber.
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2.4. Particle size distribution

Particle size distribution was estimated using a laser diffraction particle size analyzer
equipped with a sonication control unit (Beckman Coulter, model LS 13 230, California,
USA). Particle size distribution parameters were measured as different diameters, such as D1
(um), Dso (M), and Dgo (um). The span value was calculated according to the equation Span

= (Dgo— D1g) / Dso.

2.5. Scanning electron microscopy (SEM)
Morphological analyses were performed using a scanning electron microscope (model
JSM-6510LV, JEOL Ltd., Tokyo, Japan) and operated at 10 kVV. Samples were metallized

with a thin layer of gold and SEM images collected at 500 x magnifications.

2.6. Fourier-transformed infrared spectroscopy (FT-IR)

Fourier-transformed infrared spectroscopy analysis was carried out using a
PerkinElmer Spectrum Two spectrophotometer (PerkinElmer, Waltham, USA) equipped with
universal attenuated total reflectance (UATR) and Diamond crystal. The analyses were
performed in the range of 4000/cm to 400/cm and at a resolution of 32/cm by accumulating

four scans.

2.7. Physicochemical analyses

Water holding capacity (WHC) and oil binding capacity (OBC) were determined
according to Raghavendra, Rastogi, Raghavarao, & Tharanathan (2004) with slight
modifications. The sample (1.0 g) was weighed, mixed (15 mL) with distilled water (for

WHC) or soybean oil (for OBC), and then hydrated for 24 h. The supernatant was discarded



62

after centrifugation (3000 rpm, 15 min). The results were expressed as grams of water/oil held
by 1 g of sample in dry weight (DW), respectively.

Cation binding capacity (CBC) was estimated as copper binding according to
McBurney, Van Soest, & Chase (1983). Solutions of Cu(NOs), were used to prepare the
standard curve (R® = 0.9988). The results were expressed as grams of copper held by 1 g of
sample (DW).

Swelling capacity was evaluated as described by Raghavendra et al. (2004). In a
graduated test tube, the sample (0.2 g) was weighed, mixed (10 mL) with distilled water, and
left at room temperature for 18 h. The swelling capacity was calculated according to the

equation:

Volume reached by the hydrated sample (1)

Swelling capacity (mL/g) =

Initial sample weight

Solubility was quantified using the method of Chau, Wang, & Wen (2007) with slight
modifications. The sample (0.3 g) was weighed and mixed (30 mL) with distilled water. After
agitation (3 h) and centrifugation (3000 rpm, 10 min), the supernatant was, carefully,
transferred to a Petri plate, which was previously weighed. Then, the plate was freeze-dried

and weighed. Solubility was calculated as following:

Solubility (g/lOOg DW) _ Weight of supernatant after drying %100 (2)

Initial sample weight

The pH of samples was determined with a pH meter after blending 1 g of the sample

in 10 mL of distilled water.
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2.8. Phenolic compounds and antioxidant capacity
2.8.1. Sample extraction

Phenolic compound extraction was performed according to Pérez-Jiménez et al.
(2008). The sample (0.5 g) was extracted with a methanol/water solution (50/50, v/v, pH 2.0)
(20 mL). After agitation (1 h) and centrifugation (3000 rpm/10 min), the supernatant was
collected and an acetone/water solution (70/30, v/v) (20 mL) added to the residue. After
agitation (1 h) and centrifugation (3000 rpm/ 10 min), the supernatant was collected, mixed
with the methanolic extract, and used to evaluate the phenolic compounds and antioxidant

capacity.

2.8.2. Total phenolic content

Total phenolic content was determined by the Folin-Ciocalteu method (Waterhouse,
2003). The sample extract (20 puL) was mixed with 1.58 mL of distilled water and 100 pL of
Folin-Ciocalteau reagent (2N). After remaining in room temperature for 8 min, a 300 pL
sodium carbonate solution (20%) was added. The reaction was complete after 30 min at 40°C.
The total phenolic content was performed by spectrophotometry in 765 nm and the results

expressed as mg gallic acid equivalent (GAE) per 100 g (DW).

2.8.3. Total monomeric anthocyanin

Total monomeric anthocyanin was evaluated according to the pH differential method
(Giusti & Wrolstad, 2001). The sample extract was diluted in a 0.025 M potassium chloride
solution (pH 1.0) and 0.4 M sodium acetate buffer (pH 4.5). The absorbance was measured at
515 and 700 nm after 15 min. Then, total monomeric anthocyanin content was calculated
using the molecular weight (493.5) and molar extinction coefficient of malvidin-3-glucoside

(29,500). The results were expressed as mg equivalent malvidin-3-glucoside per 100 g (DW).
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2.8.4. Phenolic compounds by HPLC

Phenolic compounds were analyzed according to the method described by Melo et al.
(2015). Samples were extracted with water/methanol (80/20, v/v) and filtered (0.22 pm,
PTFE). Phenolic acids, flavanols, and flavonols were quantified by analytical high
performance liquid chromatography (HPLC) (Shimadzu Co., Kyoto, Japan) with a reversal
phase column (ODS-A, 4.6 mm x 250 mm; 5 um) and photodiode array detector (SPD-
M10AVp, Shimadzu Co., Kyoto, Japan). Extract aliquots (20 uL) were injected at a flow rate
of 1.0 mL/min at 28 °C. The mobile phase consisted of: phase A (water/formic acid; 99.9/0.1,
v/v) and phase B (acetonitrile/formic acid; 99.9/0.1, v/v), starting with 5% B and increasing to
7% B (7 min), 20% B (50 min), 45% B (70 min), 100% B (85 min), held at 100% B for 10
min, and decreasing to 5% B (100 min). The following standards (Sigma-Aldrich, St. Louis,
MO, USA) were examined: gallic acid, syringic acid, procyanidin B1, procyanidin B2,

catechin, epicatechin, epicatechin-3-O-gallate, and quercetin-3-beta-D-glucoside.

2.8.5. Antioxidant capacity

The capacity to remove the ABTS™ radical (2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid)) was evaluated according to Re et al. (1999). A sample extract (200 pL) was
mixed with a 1.8 mL ABTS™" solution. After incubation (6 min/30°C), the absorbance was
measured at 750 nm. The results were expressed as mmol Trolox equivalent (TE) per 100 g
(DW). Oxygen radical absorbance capacity (ORAC) was performed according to Ou,
Hampsch-Woodill, & Prior (2001). An extract sample (25 pL) was mixed with 150 pL of
fluorescein solution (81nM) and incubated for 10 min at 37°C. Subsequently, 25 pL of AAPH
solution (152 mM) was added and fluorescence reduction measured for 90 min at 485 nm

excitation and 528 nm emission in a microplate reader (model AF2200, Eppendorf, Hamburg,
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Germany). Trolox solutions were used for calibration and the results expressed as mmol TE

per 100 g (DW).

2.9. Statistical analysis

All parameter measurements were conducted in triplicate. The data obtained for
proximate composition of GP and FC-GP was analyzed by the Student’s T test (P < 0.05) and
expressed as mean + standard error of the mean (SEM). Two-way ANOVA was conducted for
the other results obtained. Concentration and micronization were established as fixed factors.
Means were compared by Tukey’s test and expressed as mean + SEM. Differences were

considered statistically significant at P < 0.05.

3. Results and discussion
3.1. Proximate composition of GP and FC-GP

The proximate composition of GP and FC-GP are shown in Table 1. Ash content was
higher in FC-GP than GP (P < 0.05). Crude protein content was similar in both samples. The
procedure of fiber concentration with successive washes with ethanol retained fat in the
supernatant. Thus, fat content was lower in FC-GP than GP (P < 0.05). Dietary fiber was the
main constituent of GP and FC-GP. Studies have demonstrated that treating vegetable
materials with ethanol produces ingredients concentrated in cell wall compounds (Benitez et
al., 2017). In the present study, TDF content increased in FC-GP compared to GP, especially
the insoluble fraction (P < 0.05). The high IDF content may be considered an advantage for
food application due to possible use as an ingredient to increase indigestible insoluble
compound content (Martinez et al., 2012). On the other hand, Sheng et al. (2017) reported that
the low SDF content of GP limits their use for food application due to the healthier benefits

for human nutrition being related to SDF fraction. Thus, GP and FC-GP proved to be
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interesting samples to apply micronization while aiming to convert insoluble into soluble

fiber.

Table 1 Proximate composition of GP and FC-GP.

Constituent (g/100 g DW) GP FC-GP
Ash 5.14 £ 0.00 5.36 £ 0.06*
Crude protein 14.17 £ 0.08 14.79£0.24
Fat 8.50 £ 0.00* 5.76 £ 0.03
Total dietary fiber 65.56 + 0.83 74.69 * 1.05*

Insoluble dietary fiber 61.20 £ 0.64 72.03 £ 0.38*
Soluble dietary fiber 4.06 £1.31 4.35%0.35

Values followed by * in the same row are significant different by T test (P < 0.05). GP = grape pomace; FC-GP
= fiber concentrate from grape pomace; DW = dry weight.
Results are expressed as mean + standard error of the mean.

3.2. Experimental design for ball milling

The highest value of SDF content was found in a rotation at 450 rpm for 90 min (13.76
+ 1.26 g/100 g DW) for GP after milling (Table 2). For FC-GP after milling, the highest SDF
content was observed in a rotation at 375 rpm for 60 min (14.46 + 2.74 g/100 g DW). The
model was not significant, presented a lack of fit, and no appropriate condition was obtained.
Thus, the best micronization condition was estimated experimentally from the highest SDF
response for each sample. For GP, the best micronization condition was at 450 rpm for 90
min, whereas for FC-GP it was at 375 rpm for 60 min. These conditions were selected to
increase the SDF content of GP, and FC-GP and samples obtained were used for further

analysis.
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Table 2 Experimental design and the results obtained for each ball-milling condition in GP
and FC-GP.

Variables Response
) SDF (g/100g DW)
Experiment Rotational speed Milling time __
) After milling

(rpm) (Xy) (min) (X;) = e
1 -1 -1 8.78 7.31
2 1 -1 10.92 13.40
3 -1 1 9.11 9.84
4 1 1 13.76 11.12
5 0 0 9.83 9.85
6 0 0 12.46 14.46
7 0 0 12.87 10.92
8 -1.414 0 7.56 8.62
9 1.414 0 9.79 9.52
10 0 -1.414 10.47 5.42
11 0 1.414 9.71 12.88

Responses are soluble dietary fiber content. X; = 300, 375, 450 rpm; X, = 30, 60, 90 min. GP = grape pomace;
FC-GP = fiber concentrate from grape pomace; SDF = soluble dietary fiber; DW = dry weight.

3.3. Dietary fiber content

Concentration and micronization modified TDF content (P < 0.05) (Table 3) despite
there being no interaction between such factors. After milling, GP and FC-GP decreased in
TDF content. In all conditions, SDF content increased while IDF content decreased (P <
0.05). In order to comprehend component redistribution, the contents of cellulose,
hemicellulose, and lignin (the main IDF compounds from agro-industrial by-products) were
quantified. After milling, hemicellulose content increased and cellulose and lignin content
decreased (P < 0.05; Table 3). These results may be attributed to the fact that ball milling
breaks intermolecular chemical interactions between lignin and hemicellulose, causing a
redistribution of insoluble components to soluble. Additionally, the decreased content is
caused by cellulose and lignin degradation, which are converted into small molecular

compounds (Zhu et al.,, 2014). The reduced lignin, which is a complex polyphenolic
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macromolecule, is associated to the release of phenolic compounds with lower molecular
weight. Lignin was responsible for approximately 30% of the IDF portion, and the reduction
may also be due to solubilization of low molecular weight lignin fragments, resulting in
sugars that are soluble in water (Nunes, Pimentel, Costa, Alves, & Oliveira, 2016). Because of
this, SDF content increased in all treatments (P < 0.05). Furthermore, the reduced lignin
content may be considered an advantage to human health, as this constituent shows low
bioavailability due to its high molecular weight (Scalbert & Williamson, 2000). Thus, our
results confirm that micronization causes the redistribution of fiber components from

insoluble to soluble.

Table 3 Influence of micronization on TDF, IDF and SDF, cellulose, hemicellulose and lignin
content from GP and FC-GP.

Micronization

Sample Before milling After milling
TDF Grape pomace 65.56 + 0.83 60.77 £0.21
(9/100 g DW)  Fiber concentrate ~ 74.69 + 1.05 67.43 +0.10
IDE Grape pomace 61.20 £ 0.64°"  47.01 +0.93"°
(9/100 g DW) Fiber concentrate  72.03 + 0.38*" 52.97 + 1.56%B
SDF Grape pomace 4.06+1.31 13.76 £ 0.73
(g/100 g DW) Fiber concentrate  4.35+0.35 14.46 + 1.66
Cellulose G_rape pomace 9.15+0.01 5.64 + 0.54
(g/100 g DW) Fiber concentrate 10.21 +0.78 8.51+0.73
Hemicellulose G_rape pomace 22.45+0.13 23.81 £ 0.89
(9/100 g DW) Fiber concentrate  25.13 + 0.69 28.96 + 1.07
Lignin Grape pomace 23.19+£0.13 13.31+1.83
(g/100 g DW) Fiber concentrate  28.23 +£0.70 17.28 £ 0.50
ANOVA (P value)
Effects TDF IDF SDF Cellulose  Hemicellulose Lignin
Concentration 0.000 0.000 0.674 0.003 0.001 0.002
Micronization 0.000 0.000 0.000 0.000 0.010 0.000
Concentration X 0.108 0.038 0.860 0.082 0.151 0.613

Micronization

Lower case letters indicate differences between samples (grape pomace and fiber concentrate from grape
pomace) and upper case letters indicate differences in the micronization process (P < 0.05). TDF = total dietary
fiber; IDF = insoluble dietary fiber; SDF, soluble dietary fiber; DW = dry weight.

Results are expressed as mean + standard error of the mean (SEM).
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3.4. Particle size distribution and SEM

The procedures of concentration and micronization were effective to reduce Dsy (P <
0.05), especially in GP (Table 4). The Ds represents the average median diameter that is
related to the degree of powder cohesiveness. Differences in particle size distribution may be
due to differences in dietary fiber composition since FC-GP showed higher IDF content than
GP (P < 0.05; Table 1). After milling, the average particle size reduced was 9.06 um for GP
and 11.01 um for FC-GP, which belongs to the ultra-micron scale. Data obtained were lower
than those results reported by Liu et al. (2016) (19.63 um) for orange peels. Ramachandraiah
& Chin (2016) reported similar results in persimmon by-products using a longer milling time
(12 h). The results indicated that shorter milling times (90 and 60 min for GP and FC-GP,
respectively) used in the present study may effectively decrease the average particle size. This
represents a reduction in production costs. The span represents the width of the particle size
distribution (Liu, He, Wang, & Wang, 2018). Here, span values were lower than those found
by Sheng et al. (2017) with 25 min of milling, which indicates better particle size distribution
with longer milling times. Finer particles tend to have larger amounts of particles per unit of
weight, revealing better potential to enhance homogeneity when mixed with other powders.
Moreover, ingredients with reduced particle size easily reach the food structure due to higher

dispersibility (Liu et al., 2016).

Table 4 Effect of micronization on particle size distribution from GP and FC-GP.

Characteristic Micronization
Sample __ __
parameter Before milling After milling
Grape pomace 23.13 + 1.29°# 2.10 + 0.00*®
Dio (m) Fiber concentrate  40.32 + 0.92%A 2.24 +0.04*B

Grape pomace 331.70 + 8.78"% 9.06 + 0.08*F
Dso (Um) Fiber concentrate  370.10 + 13.05*"  11.01 + 0.32%B
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Table 4 (continued)

Grape pomace 912.65 + 27.51 31.62+0.34
Dgo (Um) Fiber concentrate  905.00 + 12.41 55.97 + 3.98
. Grape pomace 2.68 +0.01*F 3.26 + 0.00°#
an
P Fiber concentrate  2.34 + 0.05*B 4.86 + 0.21%
ANOVA (P value)
Effects Do Dsg Dgo Span
Concentration 0.000 0.033 0.598 0.000
Micronization 0.000 0.000 0.000 0.000
Concentration X 0.000 0.004 0.324 0.000

Micronization

Values followed by different lower case letters indicate differences between samples (grape pomace and fiber
concentrate from grape pomace) and upper case letters indicate differences in the micronization process (P <
0.05). Do = 10% of the volume that is smaller than the size indicated; D5y = 50% of the volume that is smaller
than the size indicated; Dgy = 90% of the volume that is smaller than the size indicated; Span = width of particle
size ((Dgo - D10)/ Dsp).

Results are expressed as mean = standard error of the mean (SEM).

The SEM micrographs showed different sample appearances before and after milling
(Figure 1). Before milling, a compact structure was observed, especially in FC-GP (Fig.1 B),
which was consistent with its dietary fiber composition (mainly cellulose and lignin) (Table
3). The mechanical force from the micronization process destroyed the macromolecular
structure of GP, which became looser, with smaller particles (Fig.1 C and D). These
characteristics were coherent with particle size distribution (Table 4) and increased SDF
content observed in GP and FC-GP after milling (Table 3) may influence the physicochemical

properties of samples.
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Fig. 1 SEM images of GP and FC-GP before (A and B, respectively) and after (C and D,

respectively) milling.

3.5. FT-IR spectra

Organic functional groups, especially O-H, N-H, and C=0 are measured by FT-IR
spectroscopy. In this context, FT-IR spectra were carried out in order to appreciate the effects
of micronization on the chemical structure of GP and FC-GP. Typical absorption bands of
polysaccharide and phenolic structures are shown in Figure 2. Stretching bands of O-H at
3313-3310/cm were assigned to vibrations of the hydroxyl group of the phenolic structure and
polysaccharides, especially hemicellulose and cellulose. Moreover, C-H stretching bands at
2922/cm were attributed to a methylene group of polysaccharides. The strong band at
1741/cm correspondeds to the carbonyl group (C=0) and indicated the presence of uronic
acid. Stretching bands at 1611-1606 indicated the presence of benzene ring in lignin, which

may be associated to phenolic structures. Any C-O-C stretching vibrations at 1154-1130 were
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assigned to cellulose and hemicellulose, and any C-O stretching bands at 1037-1034/cm
evidenced the presence of a pyranose ring. The spectral profile of GP and FC-GP before and
after milling was similar and no new chemical groups were produced. On the other hand, few
changes were observed in absorption bands and/or wave numbers. An increase in wave
numbers was detected after micronization for GP and FC-GP at around 3320, 2922, 1611, and
1150/cm. These results are in agreement with the findings reported by Meng, Fan, Chen,
Xiao, & Zhang (2018) and Zhao et al. (2015), which related the shifts to mechanical force
during micronization. The force may break the intramolecular hydrogen bonds of cellulose
and hemicellulose to form amorphous cellulose and soluble saccharides. Although no changes
were observed in the functional groups after milling, there were cracks in the rigid and
ordered polymer chain of cellulose and lignin content. Thus, the reduced cellulose and lignin

content observed after milling was evidenced by FT-IR spectra.

Transmitance (%)

T T T T T T T
0 3500 3000 2500 2000 1500 1000 500 400

Wavenumbers (cm™)

Fig. 2 FT-IR spectra of GP and FC-GP before (A — purple line and B — dark blue line,
respectively) and after (C — blue line and D — pink line, respectively) milling.

3.6. Physicochemical properties
After milling, WHC, OBC, and CBC decreased (P < 0.05) (Table 5). The reduction

was related to destruction of the space three-dimensional structure of IDF for the action of



73

strong mechanical shearing. Zhu, Du, Li, & Li (2014), Huang, Dou, Li, & Wang (2018), and
Hussain et al. (2018) reported higher WHC and OBC after milling. The authors attributed the
result to higher rotational speeds and milling times used. Ye, Tao, Biu, Zou, & Zhao (2016)

found increased CBC in the IDF of citrus pomace.

Table 5 Effect of micronization on physicochemical properties from GP and FC-GP.

Micronization

Sample __ __
Before milling  After milling
WHC Grape pomace 2.17 £0.01°®  2.32 +0.04°"
(g/g DW) Fiber concentrate  2.56 + 0.03**  2.56 + 0.01*"
OBC Grape pomace 1.42 £0.00°*  1.20+0.00*®
(g/g DW) Fiber concentrate  1.60 + 0.01**  1.22 +0.00*®
CBC Grape pomace 9.18+0.03**  7.16 +0.01*®
(mg/g DW) Fiber concentrate  9.81 +0.02**  6.94 + 0.01"®
SC Grape pomace 0.80+£0.15 0.54 £0.00
(mL/g DW) Fiber concentrate  0.54 £ 0.00 0.54 £0.00
Solubility Grape pomace 20.43 £ 0.95*®  28.46 + 0.99*"
(/100 gDW)  Fiber concentrate ~ 13.92 + 0.35"®  17.30 + 0.24"#
pH Grape pomace 3.34 £0.03 3.31+£0.00
Fiber concentrate  3.49 £ 0.01 3.40+£0.00
ANOVA (P value)
Effects WHC OBC CBC SC Solubility pH
Concentration 0.000  0.000  0.000  0.127 0.000 0.000
Micronization 0.027  0.000  0.000  0.136 0.000 0.005
Concentration x 0.027 0.000 0.000 0.127 0.012 0.085

Micronization

Lower case letters indicate differences between samples (grape pomace and fiber concentrate from grape
pomace) and upper case letters indicate differences in the micronization process (P < 0.05). WHC = water
holding capacity; OBC = oil binding capacity; CBC = cation binding capacity; SC = swelling capacity; DW =
dry weight.

Results are expressed as mean + standard error of the mean (SEM).
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Concentration and micronization did not affect swelling capacity (P > 0.05), although changes
in particle size distribution were observed (Table 4). Ye et al. (2016) mentioned that
modifications in the physicochemical properties may be influenced by proximate
composition, overall density, surface area, and hydrophobic nature.

Micronization improved powder solubility (P < 0.05) due to particle size reduction,
increased surface area, and high solubilization of cell wall substances and protein (Hussain et
al., 2018). Micronization decreased pH value (P < 0.05) in all samples, which was also
reported by Ramachandraiah & Chin (2016) after 12 and 24 h of milling. The authors
attributed this result to increasing the release of acidic constituents caused by rupture of the

cell wall matrix.

3.7. Phenolic compounds and antioxidant capacity

Six phenolic compounds were identified in the present study: gallic and syringic acids,
procyanidin B2, catechin, epicatechin, and epicatechin gallate (Table 6). The quantified
phenolic compound levels were lower than the ones reported by Antoniolli, Fontana, Piccoli,
& Bottini (2015) in grape pomace of the cv. Malbec cultivated in Argentina. These
differences are possibly related to genetic factors, environmental conditions, degree of plant
maturation, harvest time, and winemaking procedures (Peixoto et al., 2018; Antoniolli et al.,
2015). Significant interaction effects between concentration and micronization on the content
of all phenolic compounds quantified were observed (P < 0.05). Micronization improved
compound extractability, especially for the flavanol group. Catechin and epicatechin were the
main phenolic compounds present in GP and FC-GP after milling. Furthermore, the presence
of epicatechin gallate in GP and FC-GP after milling should be highlighted, as this compound
has shown antibacterial activity (Peixoto et al., 2018). The pronounced improvement may be

supported by reduced lignin content (P < 0.05; Table 3) caused by the breakdown of lignin
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structures. Lignin has an aromatic ring and is synthetize by the same route of flavonoids. The
results obtained in here demonstrate that the disruption may release or expose some phenolic
compounds linked or embed in the matrix structure (Zhu, Du, & Li, 2012), which were better
extracted. Approximately 30% of increased total phenolic content after milling (Table 6) was
noted as a result of the consequent decrease in lignin content. The highest content for phenolic
compounds (P < 0.05) was found in GP due to procedure of fiber concentration with ethanol
lixiviate the phenolic compounds to supernatant. Notably, Liu et al. (2018) found increased
total phenolic content in Tartary buckwheat flour, while Ramachandraiah & Chin (2016) in
persimmon by-products after 24 h of milling. In the present study, we found an increase with
lower milling times.

Decreased total monomeric anthocyanin content after milling was noted for GP and
FC-GP (P < 0.05). The same results were reported by Sheng et al. (2017), who evaluated the
effect of superfine grinding on individual anthocyanin content. Monomeric anthocyanins are
extremely instable and the stability is influenced by many factors, including pH, temperature,
and metallic ions. Thus, the reduction may be attributed to thermal degradation that occurs by

heat generated by the friction of ball milling.

Table 6 Influence of micronization on phenolic profile, total phenolic content and total
monomeric anthocyanin content from GP and FC-GP.

Micronization _ _
After milling LOQ  Linearity

Sample Before LOD (ug)

milling (ug) (R
Hydroxybenzoic
acid
Gallic acid Grape pomace  0.22 +0.00*®  0.91 +0.03** 0.00522 0.0158 0.997
(1g/mg DW) Fiber 0.26 +0.04*®  0.61 % 0.09"*
Hg/mg concentrate
Syringic acid Grape pomace  0.24 +£0.01 0.28 +0.02 0.000743 0.00225 0.998
(Lg/mg DW) Fiber 0.21+£0.03 0.20 £0.02
Hg/mg concentrate
Proanthocyanidin
Procyanidin B1 Grape pomace  ND ND
Fiber ND ND

(hg/mg DW)

concentrate
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Table 6 (continued)

Procyanidin B2 Grape pomace  0.34 +0.02 0.34 £0.01 0.00592 0.0179 0.999
Fiber ND ND
(Hg/mg DW) concentrate
Flavan-3-ol
Catechin Grape pomace  0.87 +0.03*®  4.80 + 0.09°A 0.0088 0.0267 0.999
(1ig/mg DW) Fiber 0.86 £0.32*®  7.74+0.26*"
Ha/mg concentrate
Epicatechin Grape pomace  0.61+0.03*%  2.18 +0.02°* 0.00867 0.0263 0.999
(1ig/mg DW) Fiber 0.60 +0.09*®  3.60 +0.10*"
Ho/mg concentrate
- - a,B b,A
SEEJIlI(;etx;echm Grape pomace  0.00 0.15+£0.01 0.00322 0.00977 0999
Fiber 0.00%8 0.22 +0.00**
(hg/mg DW) concentrate
Flavonol
Quercetin-3-D-  Grape pomace  ND ND
glucoside
Fiber ND ND
(hg/mg DW) concentrate
Grape pomace  5131.88 + 7519.13 *
TPC 6.12%8 6.49°4
(mg GAE/100 g Fiber 3052.98 + 5093.99 t
DW) concentrate 30.69"B 43.67°4
TMA Grape pomace  569.38 £2.19 543.28 +9.44
(mg eq malvidin-  Fiber 251.31+£8.17 196.61+1.12
3-glucosyde/ concentrate
100 g DW)
ANOVA (P value)
Effects Gal_llc Syringic Procyanidin Catechin  Epicatechin Epicatechin TPC TMA
acid acid B2 gallate
Concentration 0.034 0.041 0.000 0.000 0.003 0.003 0.000  0.000
Micronization 0.000 0.599 0.899 0.000 0.000 0.000 0.000  0.000
Concentration x 0.008 0.275 0.899 0.000 0.000 0.003  0.000  0.055

Micronization

Lower case letters indicate differences between samples (grape pomace and fiber concentrate from grape pomace) and upper
case letters indicate differences in the micronization process (P < 0.05). TPC = total phenolic content; GAE = gallic acid
equivalent; TMA = total monomeric anthocyanin; DW = dry weight; LOD = limit of detection; LOQ = limit of
quantification; ND = not detected. Results are expressed as mean + standard error of the mean (SEM).

The antioxidant capacity of GP and FC-GP increased after milling (P < 0.05) (Figure
3). This is in agreement with higher total phenolic content observed in micronized samples. In
addition, phenolic compounds are known as antioxidant agent (Peixoto et al., 2018). The GP
had greater antioxidant capacity than FC-GP in the ABTS assay (P < 0.05; Figure 1B).
Moreover, micronization increased ABTS radical scavenging activity of GP and FC-GP (P <
0.05; Figure 1B). The highest antioxidant capacity by the ABTS method can be correlated to
the highest total phenolic content (Ferri et al., 2016), indicating that a release of complex

compounds occurs in the food matrix, therefore contributing to increased antioxidant capacity.
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In the same way, a powder with the lowest particle size presented the highest antioxidant
capacity for red grape pomace powders (Zhao et al., 2015) and rice bran IDF powder (Zhao et

al., 2018).

ABTS (mmol TE/100
S~ W 4= ta
< =] < <
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Fig. 3 Antioxidant capacity of GP and FC-GP before (light color) and after (dark color)

milling. Results are expressed as mean + standard error of mean. *Different from respective sample in the same

milling (P < 0.05); #Different from the respective sample after milling (P < 0.05). TE = trolox equivalent; DW =
dry weight.

In most studies that report micronization, the ORAC assay was not performed,
although this measurement is important because it assesses the ability to remove peroxyl
radicals, which are generated in biologically relevant oxidative processes (Ou et al., 2011).
Following the same trend as that of total phenolic content and ABTS assays, micronization
increased ORAC values in GP and FC-GP (P < 0.05; Figure 1C). Higher total phenolic
content in grape processing by-products from winemaking have been associated to higher

peroxyl radical scavenging activity and higher reduction in the activation of NF-kB, a
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mediator of inflammatory responses (Camargo et al., 2019). Thus, micronization has been
demonstrated as an important method to improve the antioxidant capacity and may have

promising health effects (Speroni et al., 2019).

4. Conclusion

Micronization was effective to reduce the particle size of powders and increase SDF
content. Moreover, there was increased total phenolic content after micronization. The
increases were more pronounced in GP in all analyses carried out, indicating that it is not
necessary to perform the fiber concentration. Further research may be conducted on the
relationship with the monosaccharide profile of powders obtained after micronization. In
general, the results obtained indicate that micronization modifies the dietary fiber composition

of GP, increasing possibilities for use as a functional ingredient in the food industry.
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Abstract

In this study, extruded products from sweet potato flour were prepared through the addition of
grape pomace and micronized grape pomace. Physicochemical, technological, and sensory
characteristics, including phenolic and anthocyanin contents, antioxidant capacity, and in vitro
starch digestibility were evaluated. Addition of the by-products influenced expansion ratio,
bulk density, and water absorption and solubility indexes. Regarding the proximate
composition, total, insoluble and soluble dietary fiber contents increased in fortified
formulations. Fortification with the grape pomace and micronized grape pomace increased the
total phenolic content, total monomeric anthocyanin and, consequently, the antioxidant
capacity measured by ABTS and ORAC methods. The color and flavor attributes had the
highest scores at the sensory analysis. In vitro starch digestibility showed an increase in
resistant starch fraction with addition of grape pomace and micronized grape pomace.
Furthermore, glycemic index decreased in these formulations. The results showed that the
extruded products from sweet potato flour and fortified with grape pomace and micronized
grape pomace could be considered as healthy food. Moreover, the use of the winemaking by-

product represents value addition to an underused product.

Keywords: ball milling, extrusion, Ipomea batatas, starch digestibility, winemaking by-

product.
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1. Introduction

Brazil is the third largest South American wine producer (about 400 million liters of wine per
year) (OIV, 2019). In winemaking process, by-products, mainly grape pomace (GP), are
generated at considerable amounts (about 25 kg arise from production of 100 L of red wine)
after crushing and pressing steps (Prozil et al., 2012). Low quantities (about 3%) are valorized
and used in animal nutrition (Brenes et al., 2016) and the most are incorrectly disposed on the
environment. Due to its low pH, there is a resistance to biological degradation (Beres et al.,
2017). Studies have reported the potential of grape pomace for food application and different
techniques have been proposed for reusing it as a flour (Beres et al., 2019; Peixoto et al.,
2018; Theagarajan et al., 2019). Micronization has been proposed as a way for valorizing
grape pomace due to improvement in technological and functional properties of dietary fiber,
and maintenance of antioxidant components (Sheng et al., 2017; Bender et al., 2020). Ball-
milling is applied for reducing the particle size and, consequently, an improvement in
phenolic compounds extractability is observed (Bender et al., 2020). Moreover, the friction of
the molecules contributes to the redistribution of fiber components from the insoluble to the
soluble fraction (Yan et al., 2019).

Grape pomace is a good source of dietary fiber and phenolic compounds (Beres et at., 2019),
important components for human nutrition due to its benefits for reducing blood glucose and
cholesterol levels and maintaining intestinal health (Macagnan et al., 2016). Moreover, the
dietary fiber and fiber-bound polyphenols from grape peel have been recently demonstrated to
improve the function of intestinal barrier (Maurer et al., 2019) and recover the activity of
GSH-related antioxidant enzymes, contributing to the maintenance of colonic redox balance
in a rat model of ulcerative colitis (Maurer et al., 2020). Due to its composition, can be an
alternative for including in practical food products, which are easily consumed, such as

snacks. Snacks can be obtained from the thermoplastic extrusion of starchy ingredients
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(Bender et al., 2016). Extrusion involves high temperature and pressure, and constant shearing
for a short time (Cuj-Laines et al., 2018). These parameters contribute for the expansion and
the technological and sensory characteristics of the extruded products (Selani et al., 2014). In
general, the extruded products are based on corn meal (Cuj-Laines et al., 2018) and have low
amounts of dietary fiber and phenolic compounds. Aiming to improve the formulation, some
flours have been tested in extruded products, such as sorghum and roasted coffee (Chavez et
al., 2017), tomatoes (Dehghan-Shoar et al., 2010), and pineapple (Selani et al., 2014). Sweet
potato has been included in food products due to its low glycemic index, which contributes
for slowing release of glucose (Wang et al., 2016). However, as flour, it has an insignificant
amount of dietary fiber and phenolic compounds. Thus, the addition of ingredients rich in
these components in formulation based on sweet potato flour can be a good option for
nutritional improvement. Sweet potato has been recently added in bread (Zhu & Sun, 2019)
and brownies (Selvakumaran et al., 2019) but its use in extruded products has been scarcely
studied. In food products, it is important to evaluate the effects of using different ingredients
as well as technological and sensory parameters.

In this context, the present study aimed to evaluate the incorporation of grape pomace and
micronized grape pomace (MGP) in extruded products from sweet potato flour on the
physicochemical, technological, and sensory characteristics, including phenolic and
anthocyanin contents, antioxidant capacity, and in vitro starch digestibility. Previously,
Waramboi et al. (2014) and Wang et al. (2019) reported the use of sweet potato flour and the
addition of grape pomace in extruded products, respectively. However, for our knowledge,
there is no information regarding the influence of adding grape pomace and, mainly
micronized grape pomace, in these products. Thus, this study will contribute to understand the

effects of inclusion of by-products in extruded products from sweet potato flour.
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2. Material and methods

2.1 Materials

The grape pomace, from Malbec (Vitis vinifera L.) winemaking process, was obtained after
crushing by a winery industry (Itaara, RS, Brazil). Immediately, it was dried in a forced-air-
drying oven at 50 °C/24 h, milled, and sieved through a mesh (0.59 mm). The proximate
composition was: ash 5.7 £ 0.2%; fat 8.4 + 0.1%; protein 12.9 + 0.3%; total dietary fiber 71.7
+0.1% (67.7 £ 0.3% insoluble dietary fiber and 4.0 £ 0.2% soluble dietary fiber).

The micronized grape pomace was obtained after micronization using a high planetary ball
mill (model PM100, Retsch Co., Haan, Germany). Six 30 mm stainless steel balls were added
into a stainless steel container (250 mL) containing 15 g of sample. The micronization was
performed at 450 rpm for 90 min. The condition was established with a factorial design
(Bender et al., 2020). The proximate composition was: ash 5.5 + 0.7%; fat 9.7 £ 0.0%; protein
13.1 + 0.2%; total dietary fiber 60.2 + 0.1% (47.9 £ 1.2% insoluble dietary fiber and 12.2 £
1.3% soluble dietary fiber).

Sweet potato flour (Ipomea batatas) was purchased from a food industry (Panambi, RS,
Brazil). The proximate composition was: ash 3.2 + 0.0%; fat 1.04 £ 0.1%; protein 5.0 = 0.1%;
total dietary fiber 12.4 + 0.1%; (6.6 £ 0.1% insoluble dietary fiber and 5.7 £ 0.0% soluble

dietary fiber).

2.2 Extrusion Process

The sweet potato flour was extruded using a single-screw extruder (model Labor PQ30,
INBRAMAQ, Ribeirdo Preto, SP, Brazil), with a 4.22 mm die diameter, rotational speed of
150 rpm, and feed rate of 170 g/min. After preliminary tests, the amount of GP or MGP added
corresponds to 6 g of fiber per 100 g extruded product, i.e., the products could be classified as

“high in fiber” (European Comission, 2006). Then, 6.25% of GP and 6.25% of MGP was
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added replacing sweet potato flour. The extrusion process was performed with the addition of
15% moisture and with barrel temperatures of 40, 80 and 120 °C. After extrusion, the

products were dried in a forced-air-drying oven at 50 °C/2 h.

2.3 Technological properties

2.3.1 Expansion ratio

The expansion ratio was determined with a digital caliper and it was calculated dividing the
central extruded diameter between the matrix diameter (Alvarez-Martinez et al., 1988). The
results were expressed as mm.

2.3.2 Bulk density

The bulk density was determined as described by Alvarez-Martinez et al. (1988) as following:

Bulk density = 4m/mD?L
Where m is the weight of the extruded product, D is the diameter of the extruded product in

mm, and L is the length in mm. The results were expressed as g/cm®.

2.3.3 Water absorption index and water solubility index

The water absorption index (WAI) and water solubility index (WSI) were obtained according
Anderson et al. (1969). Previously, the samples were milled and the particle size was
standardized (0.42mm). For the WAI, the sample (2.5 g) was mixed with distilled water (30
mL) for 30 min. After centrifugation using an Eppendorf centrifuge (model 5810R,
Eppendorf, Hamburg, Germany) (3,000 x ¢/10 min), the supernatant was, carefully,
transferred in to a porcelain crucible. Then, it was dried (105 °C/ 12 h) for obtaining the
weight of evaporation residue. The remaining material, corresponding to the centrifugation
residue, was also weighted. The WAI was calculated as following:

weight of centrifugation residue
WAI =

— weight of evaporation residue
original weight of sample & P
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The WSI was calculated as the percentage ratio between the weight of evaporation residue
and the original weight of sample.

2.3.4 Proximate composition and mineral content

The samples were evaluated for dry matter (DM), ash, crude protein (N x 6.25), total dietary
fiber (TDF), soluble dietary fiber (SDF), and insoluble dietary fiber (IDF) according to
AOAC (1995, p. 1080) methods. Fat was measured according to the Bligh and Dyer (1959)
method. Total starch was analyzed as described by AOAC 996.11 (AOAC, 1995) method
with modifications proposed by Walter et al. (2005).

The mineral content was determined using the methodology proposed by Malavolta et al.
(1987). Nitro-perchloric digestion was carried out to determine levels of potassium,
magnesium, calcium, manganese, iron, zinc, copper, phosphorus, and sulphur. Boron was
estimated after incineration.

2.3.5 Color analysis

The color was measured using a CIE CM-700d colorimeter (Konica Minolta, Osaka, Japan)
using the parameters L *, a * and b * (CIELAB scale). The analysis was carried out with
illuminant D65 and 10° observation angle. Six readings were taken at different points in the
sample, which was previously milled and standardized for particle size (0.42 mm), as
described by Selani et al. (2014).

2.3.6 Texture profile analysis

Hardness was measured with a TAXTPIlus texture analyzer (Stable Microsystems, Ltd,
Godalming, UK) according Bender et al. (2016). A HDP-BS probe was used at pre-test speed
1.5 mm/s, test speed 1.0 mm/s, post-test speed 10.0 mm/s, and distance 10 mm. The trigger
force was set at 0.049 N. The measurements were carried out in 10 replicates and the results

were expressed as Newton (N).
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2.3.7 Scanning electron microscopy
Morphological analyses were performed using a scanning electron microscope (model JSM-
6510LV, JEOL Ltd., Tokyo, Japan) and operated at 10 kV. The samples were metallized with

a thin layer of gold and SEM images were collected at 50 x magnifications.

2.4 Total phenolic content, total anthocyanin content, and antioxidant capacity of extruded
products

Phenolic compound extraction was performed according to Pérez-Jiménez et al. (2008). The
sample (0.5 g) was extracted with a methanol/water solution (50/50, v/v, pH 2.0) (20 mL).
After agitation (1 h) and centrifugation using an Eppendorf centrifuge (model 5810R,
Eppendorf, Hamburg, Germany) (3,000 x g/10 min), the supernatant was collected and an
acetone/water solution (70/30, v/v) (20 mL) added to the residue. After agitation (1 h) and
centrifugation (3,000 x g/ 10 min) (model 5810R, Eppendorf, Hamburg, Germany), the
supernatant was collected, mixed with the methanolic extract, and used to evaluate the
phenolic compounds and antioxidant capacity.

Total phenolic content was determined by the Folin-Ciocalteu method (Singleton & Rossi,
1965), with slight modifications. The sample extract (20 pL) was mixed with 100 pL of
Folin-Ciocalteu solution (1N) and 80 pL sodium carbonate solution (7.5%). After standing at
room temperature for 2 h, the total phenolic content was performed in a micro plate reader
(model AF2200, Eppendorf, Hamburg, Germany) at 765 nm. The results were expressed as
mg gallic acid equivalent (GAE) per 100 g (DM).

Total monomeric anthocyanin was evaluated according to the pH differential method (Giusti
& Wrolstad, 2001). The sample extract was diluted in a 0.025 M potassium chloride solution
(pH 1.0) and 0.4 M sodium acetate buffer (pH 4.5). The absorbance was measured at 515 and

700 nm after 15 min. Then, total monomeric anthocyanin content was calculated using the
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molecular weight (493.5) and molar extinction coefficient of malvidin-3-glucoside (29,500).
The results were expressed as mg of malvidin-3-glucoside equivalents per 100 g (DM).

The scavenging activity of ABTS™ radical (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid)) was evaluated according to Re et al. (1999), with slight modifications. Initially, 270 puL
of the ABTS solution was added to a micro plate and the reading was performed at 750 nm in
a micro plate reader (model AF2200, Eppendorf, Hamburg, Germany). After, 30 uL of
sample was mixed and the absorbance was monitored at 750 nm for 15 min. The results were
expressed as mmol Trolox equivalent (TE) per 100 g (DM). Oxygen radical absorbance
capacity (ORAC) was performed according to Ou et al. (2001). An extract sample (25 pL)
was mixed with 150 pL of fluorescein solution (81nM) and incubated for 10 min at 37 °C.
Subsequently, 25 pL of AAPH solution (152 mM) was added and fluorescence reduction
measured for 90 min at 485 nm excitation and 528 nm emission in a micro plate reader
(model AF2200, Eppendorf, Hamburg, Germany). Trolox solutions were used for calibration

and the results expressed as mmol TE per 100 g (DM).

2.5 In vitro starch digestibility

Available starch and resistant starch were analyzed according to AOAC 996.11 method
(AOAC, 1995) with modifications proposed by Walter et al. (2005). The hydrolysis index was
estimated as described by Simonato et al. (2019) with slight modifications. The sample (0.1 g)
was incubated in a glass vial adding 4 mL of sodium phosphate (pH 6.0) containing
pancreatic a-amylase (0.04 g) and amyloglucosidase (4 uL). The reaction was conducted
using a shaking water bath at 37 °C for 0, 30, 60, 120 and 180 min and stopped by the
addition of absolute ethanol. After centrifugation (3,500 x g/10 min/8 °C) (model 5810R,
Eppendorf, Hamburg, Germany), the supernatant was collected and glucose was measured

spectrophotometrically with glucose oxidase/peroxidase reagent (Glucose Liquiform, Labtest
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Diagnostica S.A., Lagoa Santa, Brazil) at 505 nm. The hydrolysis index was calculated as the
percentage ratio between the area under the hydrolysis curve of each sample and the
corresponding area of a reference food, white bread. The predicted glycemic index (pGl) was
considered according to Gofi et al. (1997):

pGl =39.71 + 0.549HI

2.6 Microbiological analysis and water activity of extruded products

According to RDC no. 12 of the National Health Surveillance Agency (ANVISA), the
mandatory microbiological analyzes for the evaluation of manufacturing conditions of ready-
to-eat products (snacks and similar) include the amount of coliforms at 45 °C and Salmonella
spp. (ANVISA, 2001). These analyzes was carried out according to Downes and Ito (2001)
and 1SO 6579 (2002), respectively. Furthermore, the amount of mold and yeast was estimated
according to Downes and Ito (2001).

The water activity was determined using Aqualab® equipment at 20 £ 0.1°C.

2.7 Sensory analysis

A total of 100 untrained consumers aged 19-64 (57% female and 43% male) evaluated the
samples. The sensory analysis was performed in individual booths at 24°C. Consumer
acceptance was carried out using a seven-point hedonic scale, ranging from 1 = totally dislike
to 7 = totally like. The samples were coded by three-digit numbers and gave to the consumers,
separately, in polypropylene glasses with sufficient amount (about 2 g) to evaluate color,
flavor, taste, texture, and overall acceptability of the products. The purchase intention was
also analyzed using a five-point hedonic scale, ranging from 1 = certainly not buy to 5 =

certainly buy. Water was supplied between samples for mouth cleaning. Previously, the study
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was approved by the Federal University of Santa Maria Ethics and Research Committee,

under protocol number 45537215.5.0000.5346.

2.8 Statistical analysis

All measurements were conducted in triplicate. Data obtained for all parameters were
analyzed by one-way analysis of variance (ANOVA) and expressed as mean * standard
deviation. The mean values were compared using the Tukey’s test. Differences were

considered significant different at p < 0.05.

3. Results and discussion

3.1 Expansion ratio (ER) and bulk density (BD)

The ER values of the extruded products ranged from 4.2 to 5.2 mm, and were highest for
FMGP (Table 1). The chemical composition influences the ER, especially soluble dietary
fiber content. Soluble fiber interacts easily with water to a greater expansion (Wang et al.,
2019). Besides, due to lower particle size, the micronized grape pomace allowed uniform
distribution of fiber in the starch matrix and contributed to higher ER values. For FGP and

Control, the ER values were not significantly different.

Table 1 Characterization of extruded products.

ER BD WAI WSI . N . H
Sample (mm)  (@emd (@) (%) - a b (N)
Control 42+ 3446+ 33+ 484+ 524+ 110+ 274+ 01+
0.0° 3.2° 0.1° 0.4° 2.5° 0.6° 1.28 0.0°
FGP 43+ 5888+ 33+ 451+ 465+ 68+ 136+ 01+
0.5% 6.2° 0.1° 2.1° 0.6° 0.0 0.1° 0.0
FMGP 52+ 3711+ 36+ 434+ 352+ 88+ 96+ 01z
0.1% 3.3 0.0% 1.3° 1.6° 0.3 0.4° 0.0%

FGP, extruded with grape pomace; FMGP, extruded with micronized grape pomace; ER, expansion ratio; BD,
bulk density; WAI, water absorption index; WSI, water solubility index; H, hardness.

Values followed by different letters in the same column are significant different at p < 0.05. ns, not significant.
Results are expressed as mean + standard deviation.
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The BD values ranged from 344.6 to 588.8 g/cm?®, and were highest for FGP (Table 1), which
is consistent with the ER values due to higher insoluble dietary fiber content. The BD is
related to the expansion ratio as a result of extrusion (Rathod & Annapure, 2016). Low
density is due to increase in the temperature of the moisture above the boiling point that is
partially flash-off and result in an expanded structure (Rathod & Annapure, 2016). Chavez et
al. (2017) reported increased BD when increased the addition of coffee powder. The authors
correlated the results to the dilution of starch molecules and the plasticizing effect of lipids,
proteins, and fiber. These components act as lubricants inside the extruder barrel by reducing

the shearing on starch granules and, consequently, the density of extruded products.

3.2 Water absorption index (WAI) and water solubility index (WSI)

The WAI and WSI are related to the changes in the starch molecules that occur during the
extrusion process. Higher WAL indicates fragmentation of gelatinized starch molecules and
higher WSI is related to extensive dextrinization of the starch molecules (Alam et al., 2016).
In the present study, the highest WSI value was found for Control, which was expected due to
its higher content of sweet potato flour compared to other formulations (Table 1). In contrast,
this formulation had the lowest WAI values, which could be explained by the low availability
of water for the starch granule due to a more compact structure. For the WALI, the highest
value was obtained for FMGP and the result could be related to higher soluble dietary fiber
content, as mentioned by Cuj-Laines et al. (2018), who correlated the WAI with the soluble
fiber. Furthermore, this result could be explained by the lower particle size of micronized
grape pomace that allows better dispersibility into food structure (Liu et al., 2016). Grape
pomace presents higher insoluble dietary fiber content and other carbohydrates that could

contribute to higher WAI.
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3.3 Color

The color can be used as a potential parameter for the selection of specific nutritional qualities
(Zhu & He, 2020). For FMGP, lower b* values (Table 1) could be attributed to the
anthocyanin, which is the predominant pigment in grape skin with characteristic of blue to red
color.

Furthermore, darker product (lower L values), for FMGP, might be resulted by processing
conditions, such as high temperature and sugar, and degradation of pigments from Maillard
reaction products (Cuj-Laines et al., 2018). The increased intensity of yellow color (b*)
observed for Control could be related to extrusion process that favors the occurrence of non-

enzymatic reactions (Alam et al., 2016), such as Maillard reaction.

3.4 Hardness

The hardness values ranged from 0.13 to 0.14 N (Table 1). For FMGP and Control, the
hardness values were not significantly different. Selani et al. (2014) evaluated the addition of
pineapple pomace and reported that the amount of fiber added did not affect the texture of the
extruded products, which was consistent with our results. The insoluble fiber could prevent
the starch retrogradation and interrupt the starch-starch interactions, which can influence the

BD and, consequently, reduce the hardness.

3.5 Proximate composition and mineral content

The higher ash and protein contents were found for FGP and FMGP due to higher content of
these components in the raw material compared to sweet potato flour (Table 2). The extruded
products had low lipid content, which is relevant for extending shelf life due to lower
susceptibility to oxidation (Theagarajan et al., 2019). For the dietary fiber, the highest total,

insoluble and soluble dietary fiber contents were found for FGP and the lowest for Control, as
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expected due to grape pomace is considered a great source of antioxidant dietary fiber
presenting potential for using as functional food and supplements (Beres et al., 2016). Starch
was the main component of extruded products, because it is necessary to obtain an expanded
product (Arribas et al., 2017). Adding grape pomace in micronized grape pomace decreased
starch content, which could influence the digestibility due to polyphenols and starch

interactions.

Table 2 Proximate composition and mineral content of extruded products.

Control FGP FMGP

Proximate composition (g/100 g DM)
Ash 3.3£0.0° 34+01°  34%00%
Crude protein 5.1 +0.0° 5.5 + 0.2 5.5 +0.2°
Fat 0.5+0.2" 0.8+0.0" 0.7+0.0"
Total dietary fiber 129+0.3° 16.5+0.1° 15.3+0.5

Insoluble dietary fiber 5.4 +0.0° 9.4+0.0° 8.4+0.1°

Soluble dietary fiber 7.5+0.4" 7.1+£01™ 6.9+0.6"™
Total starch 89.5+05" 79.8+52° 758+43
Mineral content (mg/kg DM)
Potassium 1672.3 18437.2 15926.8
Magnesium 498.3 460.9 423.8
Calcium 1494.8 1832.7 1884.9
Manganese 5.0 7.1 6.7
Iron 82.7 93.3 131.0
Zinc 7.3 10.5 8.7
Copper 5.0 6.6 5.0
Phosphorus 1428.4 1580.3 1594.1
Sulphur 1206.9 1273.0 1316.1
Boron 7.8 9.8 10.2

DM, dry matter; FGP, extruded with grape pomace; FMGP, extruded with micronized grape pomace.
Values followed by different letters in the same row are significant different at p < 0.05. ns, not significant.
Results are expressed as mean + standard deviation.
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Regarding the mineral content, potassium, calcium, and phosphorus predominated for FGP
and FMGP (Table 2) what as expected since they are the predominant micronutrients in grape
pomace (Beres et al., 2019). As shown in the Brazilian Table of Food Composition (TACO,
2011), the results found for this mineral are higher than the established for spinach (0.4 mg
iron/100 g), cabbage (0.5 mg iron/100 g), and broccoli (0.6 mg iron/100 g). The iron content
should be highlighted due to importance for human health. Beres et al. (2019) mentioned that
60% of world population has iron deficiency and the consumption of products supplemented
with this micronutrient could contribute to reduce the problems related to its deficiency.

Chavez et al. (2017) reported that the lack of adequate dietary fiber amount in the diet is
associated with many diseases. Thus, the combination of sweet potato flour and grape pomace
would easily help to comply with manufactured food label as a good source of dietary fiber

and iron.

3.6 Scanning electron microscopy (SEM)

The SEM images of the extruded products showed that the particle size influenced the
microstructure. Control and FMGP presented similar structure, with presence of thinner walls
and pores with small sizes (Figure 1 — A and C). On the other hand, the structure for FGP
showed more solid with ticker cell walls (Figure 1B) suggesting lower expansion and
inefficient development during the extrusion process. This characteristic could be responsible
by the rigidness and the resistance of extruded products, as observed for hardness values
(Table 1). As the addition of micronized grape pomace produced a structure similar to
Control, this ingredient can be an alternative for improving the technological quality of

extruded products.
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Figure 1 SEM images of extruded products — Control (A), FGP (B), and FMGP (C).

FGP, extruded with grape pomace; FMGP, extruded with micronized grape pomace

3.7 Phenolic compounds and in vitro antioxidant capacity

The higher total phenolic content was found for FGP and FMGP due to the presence of
phenolic compounds from raw material (Table 3). Furthermore, the results could be attributed
to release of phenolic compounds from cell wall, interaction of phenolic with protein, and

formation of Maillard reaction products. The same trend was reported by Bisharat et al.
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(2015), who found increased total phenolic content in formulations with higher broccoli flour
addition. Sweet potato flour was not colored, and the total phenolic content could be

associated to formation of Maillard reaction products (Bisharat et al., 2015).

Table 3 Total phenolic and anthocyanin contents and antioxidant capacity of extruded
products.

Sample TPC TMA ABTS (mmol ORAC (mmol
b (mg GAE/100 g DM) (mg/100 g DM)  Trolox/g DM) Trolox/g DM)
Control 183.5+10.2° - 0.4+0.0° 343+23°
FGP 404.1 +6.7° 17.6 +0.3% 1.1+0.2° 44.8 + 4.0°
FMGP 409.2 +8.1° 17.1+0.0° 1.3+0.0° 45,5 + 0.5%

TPC, total phenolic content; GAE, gallic acid equivalent; DM, dry matter; TMA, total monomeric anthocyanin; -
not identified; FGP, extruded with grape pomace; FMGP, extruded with micronized grape pomace.

Values followed by different letters in the same column are significant different at p < 0.05. Results are
expressed as mean + standard deviation.

Phenolic compounds are found in grape pomace at high levels and, previously, Bender et al.
(2020) demonstrated that the micronization increased the extractability of these compounds as
well as the antioxidant capacity. Even presenting higher total phenolic content, significant
differences were not observed between FGP and FMGP. This result could be related to release
of phenolic acids by decarboxylation in high temperature allowing phenolic structure changes
and reduction in chemical reactivity (Brennan et al., 2011; Chavez et al., 2017). This fact
could also be contributed to the antioxidant capacity, which was not affected by the addition
of FGP and FMGP.

The addition of FGP and FMGP increased total monomeric anthocyanin and antioxidant
capacity evaluated by ABTS and ORAC methods in extruded products. These results could be
related to the initial contents of total phenolic and total monomeric anthocyanin in raw
material, which was higher than sweet potato flour. Similar results regarded to the relationship
between phenolic content and antioxidant capacity of plant materials were also reported by

other authors (Bisharat et al., 2015; Chavez et al., 2017; Zhu & Sun, 2019).
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In summary, the addition of grape pomace and micronized grape pomace in extruded products
promotes an increase in total phenolic content and antioxidant capacity, which is interesting

for healthy consumers.

3.8 In vitro starch digestibility

The inclusion of grape pomace and micronized grape pomace affected starch digestibility. In
Table 4 is shown the available and resistant starch contents of the extruded products
compared to Control. Available starch was higher for FGP and FMGP than Control (Table 4).
Starch becomes easier available to digestive enzymatic action due to breakdown in smaller
molecules and formation of reducing sugars that can account for the starch content (Arribas et
al., 2017). Glucose is the main monosaccharide in grape pomace (Beres et al., 2019; Beres et
al., 2016) and this fact may have contributed for increasing starch levels, because
quantification is made by glucose assay. Resistant starch also increased in these formulations,
which can be explained by the presence of dietary fiber that can retard starch gelatinization. In
this condition, total gelatinization may not occur during extrusion leading to the formation of
resistant starch (Arribas et al., 2017). This fraction remains undigested in the small intestine,

but it is fermented in the large bowel into short-chain fatty acids (Simonato et al., 2019).

Table 4 In vitro starch digestibility.

Available starch Resistant starch

Sample (/100 g DM) (/100 g DM) PGl

Control 80.70 + 3.27° 0.28 +0.13° 63.01 + 0.83?
FGP 87.22 + 1.60° 12.62 + 1.84° 58.83 + 1.33°
FMGP 90.29 + 2.93% 10.83 + 0.93? 54.16 + 1.20°

DM, dry matter; pGl, predicted glycemic index; FGP, extruded with grape pomace; FMGP, extruded with
micronized grape pomace.

Values followed by different letters in the same column are significant different at p < 0.05. Results are
expressed as mean + standard deviation.



104

For FGP and FMGP, there was a decrease in glucose release (pGl) compared to Control due
to inactivation of enzymes. Polyphenols can bind to the enzyme active sites, preventing its
interaction with starch granules reducing the glycemic index (Brennan et al., 2011). Similar
result was reported by Simonato et al. (2019) in olive pomace fortified pasta and could be
related to the lower total starch content for FGP and FGMP (Table 2). The extruded products
can be considered medium (Control and FGP) and low (FMGP) glycemic index foods
(Atkinson et al., 2008). These products are advisable for health and nutritional benefits

(Waramboi et al., 2014) due to the controlled glucose release.

3.9 Microbiological analysis and water activity

The conditions used in the extrusion process were adequate to prevent the growth of the
microorganism (Table 5). According the ANVISA (ANVISA, 2001) Salmonella should be
absent, which indicates good manufacturing process. In Brazil, there is no maximum limit for
mold and yeast counts. However, this analysis was carried out due to possibility of growth of
the microorganism in acid food, as extruded products with grape pomace. The results also
indicated that extrusion at high temperature could be considered as a method for making it

unfeasible the growth of the microorganism, which contributes to extend shelf life.

Table 5 Microbiological analysis and water activity of extruded products.

Sample Coliforms at 45°C Salmonella ylz/lazltdcgﬂg i aw
(MPN/q) (number/25 g) (CEU/g)

Control <3.0 Absent <1.0x 10" 0.372 +0.0°

FGP <3.0 Absent <1.0x 10" 0.610 + 0.0%

FMGP <3.0 Absent < 1.0 x 10* 0.521 +0.0°

Max. limit 5x10 Absent - -

RDC 12/2001

MPN, most probable number; CFU, colony forming unit; aw, water activity; FGP, extruded with grape pomace;
FMGP, extruded with micronized grape pomace.



105

Extruded products presented low water activity. FGP and FMGP had higher water activity as
compared to Control probably due to the highest content of fiber and protein, components that
present hydrophilic nature. During the extrusion, the starch is broken as a consequence of
high shearing. It is known that the broken starch molecules have a greater water affinity,
however absorb less water than the fiber components (Galdeano et al., 2018). Besides,
products with low water activity have low risk of food deterioration by microorganisms,

enzymes or non-enzymatic reactions (Selani et al., 2014).

3.9 Sensory analysis

A tendency to rejection of formulation with addition of grape pomace and micronized grape
pomace was observed due to the lowest scores for all attributes (Table 6). For Control, scores
were at “indifferent” acceptability while for FMGP only color and taste had scores in this rate.
Alam et al. (2016) mentioned that light colored extruded products are preferred than darker

ones by consumers.

Table 6 Sensory analysis of extruded products

Sample Color Flavor Taste Texture OA Pl

Control 46+09° 45+0.9° 48+11* 48+14° 46+11*° 31+1.1°
FGP 38+13° 40+08° 34+13° 26+12° 33+12° 19+09°
FMGP 40+13° 43+09° 38+11° 39+13° 39+11° 24+1.00°

OA, overall acceptability; PI, purchase intention; FGP, extruded with grape pomace; FMGP, extruded with
micronized grape pomace.

Seven-point hedonic scale ranges from 1 = totally dislike to 7 = totally like. Values followed by different letters
in the same column are significant different at p < 0.05. Results are expressed as mean + standard deviation.

Cuj-Laines et al. (2018) suggested that some additives should be added to mask the taste and
improve the sensory acceptability of extruded products. For FGP, the lowest texture could be
related to the lowest hardness and the highest water activity.

Lower scores led to low purchase intention. In the same trend, Bisharat et al. (2015) reported

lower scores lower for extruded products with 10% broccolis flour.
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Despite being a product with functional characteristics, phenolic compounds, and could be
exert an antioxidant capacity, the addition of grape pomace and micronized grape pomace was
not sensory acceptable for consumers. Other formulations should be tested as well as products

and amount of addition. Furthermore, consumption habits should be studied.

4. Conclusions

The addition of grape pomace and micronized grape pomace in extruded products based on
sweet potato flour improved the nutritional quality of the products due to increase in dietary
fiber and phenolic compounds content. Higher digestibility and lower glucose release was
found in these products. Although the formulation must be improved for being sensory

acceptable, the products obtained are considered as healthy food.
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5 DISCUSSAO

Métodos fisicos vém sendo testados para modificacdo da estrutura da fibra alimentar
de residuos agroindustriais. Dentre estes métodos, destacam-se a micronizacdo e a extrusdo
(Artigo 1). A micronizagdo é realizada em moinho de bolas, onde tempo e rotacdo podem ser
otimizados para obtencdo de produtos com caracteristicas fisico-quimicas satisfatorias
tecnoldgica e nutricionalmente. A extrusdo é conduzida em extrusora do tipo mono ou dupla
rosca, sendo o tipo mono rosca mais simples e de facil operacdo. Ambos os métodos
provocam a ruptura dos constituintes poliméricos da matriz alimentar, especialmente lignina,
celulose e hemicelulose, em compostos de menor peso molecular e mais sollveis. Os
produtos oriundos desses processamentos apresentam caracteristicas fisico-quimicas
(capacidades de retencdo de agua, ligacdo ao Oleo e céations, inchamento e solubilidade)
distintas as caracteristicas iniciais. Os compostos fenolicos sdo mantidos em decorréncia da
quebra e exposicdo dos compostos que estavam ligados a matriz fibrosa. ApoOs ensaios
preliminares, em que os dois processamentos foram testados, os resultados mais satisfatorios
guanto a redistribuicdo dos componentes de fibra alimentar e & manutencdo de compostos
fendlicos foram obtidos por meio da micronizacdo. Desta forma, este método foi utilizado na
sequéncia do trabalho.

O Brasil destaca-se mundialmente na producéo de frutas. O Rio Grande do Sul mostra-
se como maior produtor nacional de uvas para a producdo de vinhos (MELLO, 2017). Diante
de safras crescentes, quantidades expressivas de residuos sdo geradas no processamento, 0S
quais constituem o bagaco de uva. Estes residuos, considerados passivos ambientais,
usualmente s@o dispostos incorretamente no meio ambiente ou, em menores casos, utilizados
na nutricdo animal. Estudos tém demonstrado o potencial de uso do residuo vitivinicola na
alimentacdo humana, devido ao alto teor de fibra alimentar e compostos fendlicos, que
permanecem no bagaco de uva apdés a sua extragdo e transferéncia para o0 vinho
(ANTONIOLLI et al., 2015). Nos ultimos anos, diversos métodos de extragdo de fibra
alimentar do bagaco de uva foram propostos com a finalidade de inclusdo em produto
alimenticio. Hamburguer de anchovas foi enriquecido com diferentes concentracdes de fibra
alimentar antioxidante de bagaco de uva rica em polifendis e avaliado quanto a
bioacessibilidade dos compostos e aceitagdo sensorial (SOLARI-GODINO et al., 2017). A
fibra alimentar foi isolada apo6s extracdo com solugdo hidro alcodlica para remocdo dos
acucares. Os resultados evidenciaram a alta bioacessibilidade dos compostos fendlicos na

etapa que simula o intestino grosso, sendo maior quanto maior a concentracdo de fibra
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adicionada no produto. Em outro estudo, a fibra alimentar foi obtida a partir do bagaco de uva
como um extrato aquoso liofilizado e esta fracdo foi comparada com o bagago inteiro quanto
as caracteristicas quimicas, propriedades fisicas e impactos da digestdo na liberacdo de fibra
(BERES et al., 2019). A farinha foi considerada rica em fibra alimentar, com contetdos
nutricional e mineral interessantes, porém com baixa higroscopicidade, sendo indicada para
uso como suplemento de fibra na dieta. O extrato demonstrou maior bioacessibilidade apos a
digestdo de compostos fenolicos complexos macromoleculares, contendo arabinogalactana
péctica como principal fibra soltvel e o seu uso é recomendado como fonte de fibra alimentar
antioxidante. A adicdo do extrato em um produto lacteo (iogurte) apresentou boa aceitacéo e
intencdo de compra, representando uma tendéncia como ingrediente alimentar. Deste modo,
estudos devem ser conduzidos para avaliar os métodos de extracdo de fibra alimentar e
compostos fendlicos a fim de obter os beneficios para a nutricdo humana de ambos os
constituintes do bagaco de uva.

No presente estudo, a concentracdo de fibra alimentar foi realizada através de lavagens
com etanol, devido aos bons resultados obtidos anteriormente em estudo com casca de uva da
vinificacdo (BENDER et al., 2017). Posteriormente, as fracfes ndo concentrada (bagaco de
uva) e concentrada (concentrado de bagago de uva) foram submetidas a micronizacdo. Por
trataram-se de métodos que geram pouco ou nenhum residuo, o emprego destes
procedimentos para obtencdo de ingredientes ricos em fibra alimentar e compostos fendlicos a
partir do bagaco de uva, contribui para a reducdo do impacto ambiental.

As amostras obtidas ap0s esse primeiro ensaio apresentaram composi¢oes fisico-
quimicas e estruturais distintas. Microscopicamente, observaram-se diferencas quanto a
morfologia, com presenca de maiores aglomerados no concentrado de bagaco de uva, bem
como no conteudo de fibra soltvel, compostos fendlicos e capacidade antioxidante. Devido
aos compostos fendlicos serem facilmente solubilizados em misturas hidro alcodlicas, o
concentrado de bagaco de uva apresentou menor contetdo de fenolicos totais, porém o perfil
de compostos foi semelhante (Artigo 2). A composic¢do diferiu quanto ao teor de lipideos e
fibra insoldvel, sendo que o conteddo lipidico foi menor no concentrado de bagaco de uva. O
contetdo de fibra insoluvel foi maior nesta fragdo por este ser um método usual para
isolamento de polimeros da parede celular. Por apresentar maior contetdo de fendlicos totais,
0 bagaco de uva também apresentou maior capacidade antioxidante nos dois métodos
avaliados (ABTS e ORAC). Estudos recentes mostram que a acdo antioxidante direta dos
compostos fendlicos ndo é responsavel por sua acdo bioldgica sistémica, visto que as

concentracdes encontradas em tecidos e plasma sdo muito baixas para provocar este efeito.
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Uma vez que os mecanismos de acdo destes compostos ainda ndo foram totalmente
esclarecidos, estima-se que os compostos fenolicos tenham efeitos preventivos nas condi¢es
inflamatdrias de doencas cronicas ao atuarem por diferentes mecanismos no sistema (CHEN
et al., 2016). Sendo assim, duas amostras ricas em fibra alimentar e compostos fenolicos
foram obtidas, sendo que estes componentes foram predominantes no bagago de uva. Os
resultados também demonstraram que, embora a concentracdo de polimeros da parede celular
vegetal atraves de lavagens com etanol seja método amplamente utilizado para isolamento da
fibra alimentar, devido a maior concentracdo de compostos fenolicos no bagaco de uva, esta
fracdo apresenta caracteristicas nutricionais mais interessantes quando comparada ao
concentrado de bagaco de uva. Estudos para verificar formas de aproveitamento do bagaco de
uva devem ser conduzidos a fim de potencializar os efeitos benéficos de seus constituintes
tanto nos produtos alimenticios quanto na nutri¢do humana.

A micronizacdo das amostras de bagago de uva revelou resultados interessantes. Os
pos obtidos apresentaram tamanho de particula reduzido, em especial o bagaco de uva, devido
ao concentrado de bagaco de uva possuir tamanho meédio inicial maior, indicando que quanto
menor o tamanho de particula inicial, maior € a eficiéncia da reducdo. A micronizacdo
proporcionou maior extracdo de compostos fendlicos. Consequentemente a diminuicdo do
tamanho de particula ocorre aumento na area superficial, favorecendo a extracdo destes
compostos. Além disso, 0s compostos que estavam fortemente ligados ou incorporados a
matriz fibrosa podem ter sido liberados pela ruptura das ligacdes intermoleculares. Quanto as
propriedades fisico-quimicas, foi observada reducdo nas capacidades de retencdo de agua,
ligacdo ao Oleo e a cétions, porém houve aumento na solubilidade dos pds micronizados. Este
fato deve-se também a reducédo do tamanho de particula e ao aumento da area superficial e a
liberacdo de agucares de baixo peso molecular sollveis em &gua.

A redistribuicdo dos componentes da fibra alimentar, de insolGveis para solUveis, deve
ser destacada. Esta redistribuicdo ja foi relatada por diversos autores (ZHAO et al., 2015;
ZHU; DU; LI, 2012). A micronizacdo foi capaz de quebrar as interacbes quimicas
intermoleculares entre lignina e hemicelulose. No presente estudo, observou-se diminuigdo
nos contetidos de lignina e celulose e aumento no conteudo de hemiceluloses soltveis. A
reducdo de componentes insoluveis deve-se a degradacdo parcial da celulose e lignina, que
sdo convertidas em compostos com menor peso molecular (ZHU et al., 2014). A diminuicédo
no conteudo de lignina, macromolécula polifendlica complexa, pode ser decorrente da

solubilizacdo de fragmentos de lignina de baixo peso molecular, resultando em compostos
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fendlicos solGveis em &agua. Este fato também contribui para a maior solubilidade das
amostras micronizadas.

O alto teor de fibra solGvel associado a presenca de compostos fendlicos, com
predominancia de flavan-3-0is (catequina, epicatequina e epicatequina galato) e a capacidade
antioxidante evidencia o potencial do bagago de uva micronizado para reaproveitamento
como ingrediente alimenticio, podendo ser utilizado em alimentos com alegacfes de
propriedades funcionais. A fibra alimentar auxilia no funcionamento do intestino e em
especial, a fibra sollvel devido a sua capacidade de retencdo de &gua é responsavel pelo
aumento do volume intraluminal e do tempo do transito intestinal, que contribuem para a
sensacdo de saciedade. Além disso, atua como barreira na absorcdo de glicose e colesterol,
retardando sua liberacdo na corrente sanguinea e, assim, controlando os niveis plasmaticos
(DAI; CHAU, 2017). Os compostos fendlicos ao estarem associados a matriz fibrosa podem
exercer efeitos sobre a microbiota intestinal (SAURA-CALIXTO, 2011), ao atuar como
promotores de crescimento, proliferagdo ou sobrevivéncia das bactérias benéficas
(Lactobacillus e Bifidobacterium) e inibir a proliferacdo de bactérias patogénicas
(Staphylococcus aureus, Escherichia coli e Candida albicans). Assim, promovem funcao
imune benéfica e ajudam a prevenir desordens gastrointestinais (POZUELO et al., 2012), tais
como o cancer coloretal. Estudos recentes demonstram, por exemplo, que o pé da casca, em
especial a fracdo de polifendis associada a fibra alimentar, exerce efeito protetor em modelo
de colite ulcerativa em ratos promovendo a homeostasia da barreira intestinal (MAURER et
al., 2019) e reestabelecendo o equilibrio redox intestinal (MAURER et al., 2020).

Tendo em vista as potencialidades para uso do bagaco de uva micronizado como
ingrediente alimenticio, devido as suas caracteristicas fisico-quimicas, torna-se necessario
analisar a influéncia da adi¢do deste ingrediente na producdo de alimentos. Produtos
extrusados tém se destacado devido a versatilidade de formatos e a praticidade de consumo.
Os produtos ricos em fibra alimentar tém atraido os consumidores que buscam por alimentos
saudaveis. Diante disso, bagaco de uva e bagaco de uva micronizado foram adicionados a
farinha de batata doce em um produto extrusado, em quantidade suficiente para que o produto
final atendesse & legislacdo quanto a classificagdo como alto conteudo de fibra (minimo 6 g de
fibra em 100 g de alimento preparado) (ANVISA, 2012). Parametros tecnoldgicos, funcionais
e sensoriais foram avaliados e indicaram diferencas entre as formula¢Ges (Manuscrito 1). Os
extrusados contendo bagaco de uva micronizado apresentaram propriedades tecnoldgicas
desejaveis e semelhantes a formulacdo controle. A adicdo de bagaco de uva provocou

incremento no contetdo de fendlicos totais, antocianinas e na capacidade antioxidante,
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principalmente na formulagdo contendo bagago de uva micronizado, indicando a maior
extratibilidade de compostos em decorréncia do seu menor tamanho de particula. Quanto a
composicao, houve reducdo no contetdo de amido decorrente do aumento da concentracao de
fibra alimentar. Em relacdo aos testes funcionais, observou-se diminuicdo da liberacdo de
glicose, indicada pelo menor indice glicémico das amostras contendo bagaco de uva. Os
compostos fendlicos ligam-se aos sitios ativos das enzimas responsaveis pela degradacdo do
amido, impedem sua acdo e, por conseguinte, provocam um efeito hipoglicémico, acarretado
pela reducdo na liberacdo de glicose (BRENNAN et al., 2011). Os produtos extrusados
apresentaram baixa aceitagdo sensorial em todos os parametros avaliados. Esta menor
aceitacdo de produtos extrusados contendo ingredientes ricos em fibra é relatada por diversos
autores, que destacam a dificuldade em produzir formulacBes que atendam satisfatoriamente
0s consumidores.

Diante disto, mesmo apresentando caracteristicas tecnoldgicas e funcionais
interessantes, pelo fato dos produtos ndo apresentaram boa aceitagdo sensorial, outros estudos
devem ser conduzidos para avaliar a inclusdo do bagaco de uva micronizado em diferentes
produtos alimenticios. Adaptacdes na formulacdo também podem ser realizadas para
saborizacdo do produto, com adicdo de sal e/ou agUcar, visto que no presente estudo nao
foram adicionados outros ingredientes além de bagaco de uva e farinha de batata doce.

A micronizagdo mostrou-se eficiente para alterar a estrutura da fibra alimentar,
gerando pos com maior contetdo de fibra solGvel, compostos fendlicos e com expressiva
capacidade antioxidante. Apesar da concentracdo de fibra alimentar ndo apresentar resultados
satisfatorios, ambas as fracGes obtidas demonstram potencial para utilizagdo como ingrediente
rico em fibra alimentar e compostos fenolicos. A inclusdo em produto extrusado evidenciou a
potencialidade de uso do bagaco de uva micronizado indicando que esta inclusdo possibilita a
obtencdo de um produto com alto conteudo de fibra, podendo receber alegagéo de propriedade
funcional. Desta forma, a micronizacdo mostrou-se método eficaz para producdo de
ingrediente a ser explorado pela industria de alimentos. A baixa aceitagdo sensorial do
produto demonstra que, embora os testes de caracterizagdo in vitro sejam importantes e
revelem os componentes do ingrediente e suas funcionalidades, é necessario avaliar o

comportamento deste em uma formulacéo diferenciada que atraia mais os consumidores.
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6 CONCLUSAO

Com base nos resultados obtidos, descritos através dos artigos e manuscrito aqui
apresentados e nas condicdes destes experimentos, pode-se chegar as seguintes conclusdes:

- A concentracdo do bagaco de uva mostrou-se eficiente para aumentar o teor de fibra
alimentar total do bagaco de uva, principalmente pelo aumento da fracdo insoltvel. Os
resultados demonstram que o bagaco de uva e o concentrado de fibra sdo ingredientes
promissores para aplicacdo da tecnologia de moagem ultrafina.

- Nas amostras micronizadas, constatou-se reducdo consideravel no tamanho médio
das particulas, aumento no contetudo de fibra solivel e compostos fendlicos, bem como na
capacidade antioxidante. Quanto as caracteristicas fisico-quimicas, a micronizagédo
proporcionou pequenas variacdes nas capacidades de retencdo de agua, ligacdo ao 0Oleo e a
cations, podendo-se concluir que é possivel modificar os componentes da fibra alimentar do
bagaco de uva através deste método fisico.

- A adicdo de bagaco de uva e baga¢o de uva micronizado em produtos extrusados
provocou alteracGes nas suas propriedades tecnoldgicas observadas pelo aumento da expanséao
radial, densidade aparente e indice de absor¢do de agua, enquanto que, para o indice de
solubilidade, constatou-se reducdo com a adicdo destes ingredientes.

- Nas formulagdes testadas do produto extrusado, foi encontrado aumento no contetdo
fenolico total e na capacidade antioxidante, o que € interessante para consumidores que
buscam uma alimentacdo saudavel, porém, os produtos elaborados apresentaram baixa
aceitacéo sensorial, sugerindo com isto que outras formulacdes devem ser testadas, bem como
produtos, quantidade de adi¢éo e habitos de consumo.

- A micronizagdo representa alternativa para agregagéo de valor ao bagaco de uva e
para aproveitamento do residuo da vinificagdo como fonte de fibras, com propriedades
funcionais promissoras e para enriquecimento nutricional de produtos alimenticios.

- O aproveitamento do bagaco de uva contribui para a reducdo dos impactos
ambientais e perdas econdmicas geradas pelo descarte incorreto, além de representar avango

na manutencgdo do equilibrio do meio ambiente.
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APENDICE A - ETAPAS DE PREPARACAO E CARACTERIZACAO DAS
AMOSTRAS, PRODUCAO E CARACTERIZACAO DOS SNACKS EXTRUSADOS

Bagaco de uva
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APENDICE B —- TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do estudo: Efeito da micronizagao sobre as propriedades funcionais da fibra do bagaco de uva
Pesquisador responsavel: Profé. Dr2 Neidi Garcia Penna.

Instituicdo/Departamento: Universidade Federal de Santa Maria, Centro de Ciéncias Rurais,
Departamento de Tecnologia e Ciéncia dos Alimentos.

Telefone e endereco postal para contato: (55) 3220-8254. Avenida Roraima, 1000, prédio 42, sala
3207, 97105-970, Santa Maria - RS

Local da coleta de dados: Universidade Federal de Santa Maria, Centro de Ciéncias Rurais,

Departamento de Tecnologia e Ciéncia dos Alimentos, Laboratério de Anélise Sensorial.

Prezado(a) Senhor(a):

Vocé estd sendo convidado (a) para participar, como voluntario, em uma pesquisa. Vocé
precisa decidir se quer participar ou ndo. Por favor, ndo se apresse em tomar a decisdo. Leia
cuidadosamente o que se segue e pergunte ao responsavel pelo estudo qualquer davida que vocé tiver.
Vocé sera convidado a participar desta avaliacdo se manifestar concordancia com a pesquisa, objetivos
e critérios deste termo, estiver na faixa etaria entre 18 e 59 anos, e ndo se enquadrar nas categorias: a)
individuos que utilize betabloqueadores e antirretrovirais, b) individuos com patologias e/ou alteracdes
na cavidade oral e c) gestantes. E de sua responsabilidade a completa leitura deste termo. Apds ser
esclarecido (a) sobre as informagfes a seguir, no caso de aceitar fazer parte do estudo, assine ao final
deste documento, que esta em duas vias. Uma delas é sua e a outra € do pesquisador responsavel. Vocé
podera recusar ou desistir de assinar o termo em qualquer momento e/ou realizar as analises antes ou

durante o andamento dessas, ndo tendo nenhuma penalidade para vocé.

Objetivo do estudo. Avaliar os efeitos da micronizacdo sobre as propriedades funcionais da fibra do

bagaco de uva.

Procedimentos. Sua participacdo nesta pesquisa consistird apenas em provar as amostras de snacks
extrusados, preparadas dentro de rigorosas condi¢Bes higiénico-sanitérias, e o preenchimento deste

questionario de acordo com suas opinifes sobre este produto.

Beneficios. Esta pesquisa trard maior conhecimento sobre o tema abordado, sem beneficio direto para
vocé. Nao havera beneficio financeiro pela sua participacdo, nem qualquer despesa de sua parte, em

nenhum momento da pesquisa.

Riscos. Os produtos oferecidos sdo seguros e de boa qualidade, e a realizacdo desta degustacdo nao

Se vocé tiver alguma consideragio ou divida sobre a ética da pesquisa, entre em contato: Comité de Etica em Pesquisa — UFSM - Cidade
Universitaria - Bairro Camobi, Av. Roraima, n°1000 - CEP: 97.105-900 Santa Maria — RS. Telefone: (55) 3220-9362 — Fax: (55)3220-8009.
E-mail: cep.ufsm@gmail.com. Web: www.ufsm.br/cep
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representara qualquer risco para a sua salde. Os riscos para a execucdo da coleta de dados sdo
considerados minimos, pois os produtos bem como os ingredientes utilizados em suas formulagdes sdo
destinados para fins alimenticios e comumente utilizados pela populagdo. Muito raramente, podera
causar algum quadro de alergia e desconforto estomacal devido a intolerdncia ou hipersensibilidade a

algum ingrediente comumente presente no produto avaliado.

Sigilo. Os dados que vocé fornecera serdo utilizados apenas para analise estatistica de aceitacdo dos
snacks extrusados. Os resultados obtidos durante este estudo serdo mantidos em sigilo e utilizados em
publicacdes cientificas com manutengdo da sua confidencialidade. Se vocé concordar em participar do
estudo, seu nome e identidade serdo mantidos em sigilo.

A divulgacdo dos resultados serd realizada por meio das publicagcfes cientificas. Sempre que
julgar necessario, em qualquer etapa do estudo, vocé terd acesso aos profissionais responsaveis pela

pesquisa para esclarecimento de eventuais davidas.

Consentimento da participacdo da pessoa como sujeito

Eu, , abaixo assinado, concordo em participar do estudo

“Efeito da micronizagdo sobre as propriedades funcionais da fibra do bagaco de uva” como sujeito.
Fui suficientemente informado a respeito das informacGes que li ou que foram lidas para mim,
descrevendo o estudo “Efeito da micronizagdo sobre as propriedades funcionais da fibra do bagaco de
uva”. Sobre a minha decisdo em participar nesse estudo: Ficaram claros para mim quais sdo 0s
propositos do estudo, os procedimentos a serem realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que minha participagdo é
isenta de despesas. Concordo voluntariamente em participar deste estudo e poderei retirar 0 meu
consentimento a qualquer momento, antes ou durante 0 mesmo, sem penalidades ou prejuizo ou perda
de qualquer beneficio que eu possa ter adquirido, ou no meu acompanhamento/assisténcia/tratamento
neste Servico.

Local e data:

Nome e Assinatura do sujeito ou responsavel:

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e Esclarecido deste

sujeito de pesquisa ou representante legal para a participagdo neste estudo.

Santa Maria , de de20

Pesquisador responsavel

Se vocé tiver alguma consideragdo ou ddvida sobre a ética da pesquisa, entre em contato: Comité de Etica em Pesquisa — UFSM - Cidade
Universitaria - Bairro Camobi, Av. Roraima, n°1000 - CEP: 97.105-900 Santa Maria — RS. Telefone: (55) 3220-9362 — Fax: (55)3220-8009.
E-mail: cep.ufsm@gmail.com. Web: www.ufsm.br/cep
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APENDICE C - FICHA SENSORIAL

AVALIACAO SENSORIAL

Nome: Idade: Sexo: ()M ()F

Cdédigo da amostra:

Vocé esta recebendo uma amostra codificada de snack extrusado. Por favor, deguste e
avalie a amostra, utilizando a escala abaixo, em relagdo ao quanto vocé gostou ou desgostou,
marcando a resposta que melhor reflita seu julgamento sobre cada caracteristica do produto.

Obs.: A aceitacdo global corresponde a quanto vocé gostou ou desgostou da amostra de um
modo geral.

Caracteristica 1. 2. 3. 4. 5. 6. 7. Gostei
Desgostei  Desgostei Desgostei Indiferente  Gostei Gostei Muitissimo
Muitissimo  Muito Muito
Cor () () () () () () ()
Aroma () () () () () () ()
Sabor () () () () () () ()
Textura () () () () () () ()
Aceitagao () () () () () () ()
Global

Comentarios:

Com base em sua avaliagéo acima, indique na escala abaixo, sua atitude, caso encontrasse
esta amostra a venda.

1. Certamente ndo compraria ( )

2. Possivelmente ndo compraria ()

3. Talvez Comprasse/ Talvez ndo comprasse ( )

4. Possivelmente compraria ( )

5. Certamente compraria ( )

Comentérios:

Agradecemos sua participagao!



