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RESUMO

Tese de doutorado
Programa de Pds-Graduagdo em Ciéncia e Tecnologia dos Alimentos
Universidade Federal de Santa Maria

FRACIONAMENTO GRANULOMETRICO E MICRONIZACAO COMO
ESTRATEGIA PARA AGREGACAO DE VALOR AO BAGACO DE OLIVA:
COMPOSTOS BIOATIVOS E BIOACESSIBILIDADE

AUTORA: CAROLINE SEFRIN SPERONI
ORIENTADORA: TATIANA EMANUELLI

O objetivo deste estudo foi avaliar os efeitos do fracionamento granulométrico e da
micronizacdo do bagaco de oliva como estratégia para melhorar as propriedades funcionais e
tecnologicas da fibra alimentar e a bioacessibilidade de polifendis. O bagaco de oliva bruto foi
separado em peneiras de 2 mm resultando em F1 (> 2 mm) e F2 (< 2 mm). As amostras foram
desengorduradas e submetidas a planejamento fatorial para micronizacdo, visando aumento do
teor de polifendis extraiveis (EPP), testando rotacdo e tempo de moagem. F1 apresentou maior
teor de EPP usando 500 rpm/24,8 min e F2 na condi¢cdo 500 rpm/16 minutos. Amostras
micronizadas tiveram reducdo no tamanho médio de particula, que passou para 30 um. A
micronizagdo aumentou o teor de EPP (1,7 g 100 g para 2,0 g 100 g%) e HT para F1 e F2 (6,4
£6,99 100 g?, respectivamente) com a consequente elevagio da capacidade antioxidante. Outro
planejamento experimental utilizando micronizacdo em tempos prolongados foi conduzido,
visando a reducdo da razdo IDF/SDF. A menor razdo encontrada para ambas as amostras (F1 e
F2) foi de 300 rpm/5 horas. Este tratamento com tempo prolongado reduziu o tamanho médio
de particula para 17.8 ¢ 15.6 um para F1 e F2, respectivamente. Além disso, o teor de fibra
alimentar foi modificado pela micronizagéo, com aumento da fibra alimentar solGvel e reducéo
da fracdo insolivel. Houve uma redistribuicdo das fracdes de fibra alimentar, refletindo-se
também em modifica¢Bes nas propriedades tecnoldgicas e funcionais dos pds formados. Estas
mesmas amostras foram submetidas a testes de digestibilidade in vitro visando avaliar o
comportamento dos polifendis durante a digestdo salivar, gastrica e intestinal (fraces
disponivel e indisponivel para absor¢do). Compostos fenélicos foram liberados na fase salivar
e a micronizagdo aumentou o teor de compostos liberados nesta fase. Condicdes &cidas na fase
gastrica simulada foram responsaveis pela maior liberacdo de compostos fendlicos de todas as
etapas da digestdo. A micronizacdo de F1 aumentou a digestibilidade do hidroxitirosol.
Oleuropeina, apigenina e luteolina passaram pelo processo de digestao intactos. A capacidade
antioxidante ao longo da digestdo foi superior para as amostras micronizadas nas etapas da
digestdo, devido a maior liberagdo dos compostos fendlicos comparado com as demais etapas
da digestdo. A micronizacdo do bagaco de oliva resultou em modificagbes importantes na
composicdo quimica e fisica dos produtos formados. Através deste estudo, conclui-se que o
fracionamento granulométrico e a micronizagdo sao métodos eficientes para melhoria das
caracteristicas fisico-quimicas do bagaco de oliva, um subproduto que deve ser aproveitado por
se destacar quanto ao teor de polifendis e de fibra alimentar soltvel, podendo ser fonte destes
compostos quando utilizado na nutricdo humana e animal.

Palavras-chave: antioxidantes, azeite de oliva, fibra alimentar, moagem ultrafina, moinho de
bolas, nutracéutico, subproduto, polifendis da oliva.






ABSTRACT

Doctoral Thesis Graduate
Program on Food Science and Technology
Federal University of Santa Maria

GRANULOMETRIC FRACTIONATION AND MICRONIZATION AS A STRATEGY
FOR AGGREGATION OF VALUE TO OLIVE POMACE: BIOACTIVE
COMPOUNDS AND BIOACCESSIBILITY

AUTHOR: CAROLINE SEFRIN SPERONI
ADVISOR: TATIANA EMANUELLI

The objective of this study was to evaluate the effects of granulometric fractionation and
micronization of olive pomace as a strategy to improve the functional and technological
properties of dietary fiber and polyphenol bioaccessibility. Crude olive pomace was separated
into 2 mm sieves resulting in F1 (> 2 mm) and F2 (< 2 mm). The micronized samples were
defatted and a factorial design was conducted aiming to increase the extractable polyphenol
(EPP) content, testing rotation and milling time. Thus, F1 presented higher EPP content using
500 rpm/24.8 min and F2 at 500 rpm/16 minutes. Micronized samples reduced the average
particle size to 30 pm. Micronization increased the EPP (1.7 g 100 g* to 2.0 g 100 g}) and
hydrolysable tannins (6.4 and 6.9 g 100 g, respectively) content in F1 and F2, with the
consequent increase of antioxidant activity. Another experimental design using higher times of
micronization was conducted aiming the reduction of IDF/SDF ratio. The lowest ratio was
found after micronization at 300 rpm/5 hours for both samples (F1 and F2). This extended time
treatment reduced the average particle size to 17.8 and 15.6 um for F1 and F2, respectively. In
addition, the dietary fiber content was modified, increasing the soluble dietary fiber and
reducing the insoluble fraction. There was a redistribution of dietary fiber fractions, also
reflecting changes in the technological and functional properties of the powders formed. These
samples were submitted to in vitro digestibility assay to verify the bioaccessibility after salivary,
gastric and intestinal digestion (absorbable and non-absorbable fractions). Phenolic compounds
were released in the salivary phase and micronization was responsible for increasing the content
of released compounds in this phase. Acid conditions in simulated gastric phase were
responsible for the greatest release of phenolic compounds from all digestion stages. F1
micronization increased the digestibility of hydroxytyrosol. Oleuropein, apigenin and luteolin
underwent the digestion process intact. Antioxidant capacity was higher for micronized samples
in the digestion stages, due to the greater release of phenolic compounds. The use of olive
pomace micronization yielded important changes in the chemical and physical composition of
powder products. Through this study, it can be concluded that granulometric fractionation and
micronization are efficient methods for improving the physicochemical characteristics of olive
pomace, a by-product that should be used because of its polyphenol and soluble dietary fiber
content, that can be a source of these compounds when used in human and animal nutrition.

Keywords: antioxidants, olive oil, dietary fiber, ultrafine grinding, ball mill, nutraceutical,
byproduct, olive polyphenols.
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1 INTRODUCAO

O setor de olivicultura estd em pleno desenvolvimento no Brasil. Os estados do Rio
Grande do Sul, Minas Gerais, Sdo Paulo e Santa Catarina mostram-se com amplo potencial para
cultivo de oliveiras (COUTINHO et al., 2015). Bons resultados ja estdo sendo obtidos na
olivicultura brasileira, com o crescimento anual de area de plantio e, consequentemente, o
volume de azeite produzido. Segundo dados da FAOSTAT (Food and Agriculture Organization
Corporate Statistical Database), a area cultivada e a quantidade de olivas colhidas no pais no
ano de 2017 foi aproximadamente o dobro do apresentado no ano de 2015 (FAOSTAT, 2019).
Além disso, a cultura de oliveiras é responsavel por impactos na economia das regides, pois ha
geracdo de empregos sazonais de inverno, os quais complementam rendas familiares nos
periodos em que outras culturas demandam menor trabalho (CEOLIN et al., 2008). As
principais atividades que envolvem a producéo de azeite de oliva s&o os processos de plantio,
colheita, prensagem, decantacao/filtragéo, envase e rotulagem do azeite.

O principal processo utilizado no Brasil para extracdo do azeite de oliva extravirgem é
a centrifugacdo com utilizando o método bifasico. O rendimento do azeite extraido €
dependente da variedade da planta, entretanto estima-se que a cada 100 kg de oliva colhida
sejam produzidos de 80 a 95 kg de residuo (SILVA, 2009; VALTA et al., 2015). A extracdo do
azeite de oliva gera como residuo uma fracdo pastosa com alto teor de umidade
(aproximadamente 62%) e ainda lipidios de boa qualidade, denominada bagaco de oliva
(SILVA, 2009). Embora a producéo de azeite de oliva esteja sendo incentivada pelos érgéos
governamentais, ainda ndo houve preocupacao quanto ao residuo gerado nesta atividade. Este
subproduto é considerado um problema ambiental, devido & sua composicao, pois apresenta
alta demanda bioquimica de oxigénio (ROSELLO-SOTO et al., 2015). Desta forma, estratégias
para utilizacdo e/ou descarte adequado deste residuo devem ser pesquisadas.

O bagaco de oliva, é rico em compostos de interesse na nutricdo humana e animal, com
propriedades antioxidantes e bioativas, como polifendis e fibra alimentar. Dos compostos
fenolicos da oliva, a maior parte (cerca de 98%) fica retida no bagaco e apenas uma pequena
fracdo (cerca de 2% do total de compostos fendlicos) sdo lipossollveis e migram para o azeite
(RODIS et al., 2002). Tais componentes merecem destaque, por apresentar agregado valor
nutricional, sendo associadas a prevencao de doencas (SHAHIDI, AMBIGAIPALAN, 2015).
Contudo, majoritariamente, compostos fendlicos encontrados no bagaco de oliva séo
caracterizados como insoltveis (lignocelul6sicos), os quais sdo estruturas rigidas associadas a

parede celular (NACZK; SHAHIDI, 2004). A lignina é um composto fenolico caracterizado
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por apresentar grande rigidez, insolubilidade e alto peso molecular, sendo de dificil absor¢éo
pelo intestino delgado (SCALBERT; WILLIAMSON, 2000). Em face disso, a aplicacdo de
processos de modificacao do bagaco de oliva, com foco na melhoria da bioacessibilidade destes
compostos fortemente ligados faz-se importante, por beneficiar as caracteristicas nutricionais e
aumentar a aplicabilidade.

Métodos de modificagdo quimica e estrutural de subprodutos agroindustriais que
utilizam poucos recursos naturais e geram pouco ou nenhum residuo vém tendo destaque
especial na etapa de processamento (CHEMAT et al., 2012). O fracionamento granulométrico
é um método simples que ja vem sendo utilizado na Europa para separacdo de carocos do
bagaco de oliva, e as diferentes fracGes obtidas apresentam sdo destinadas ao uso como
combustiveis domesticos e industriais (MANFREDINI & SCHIANCHI, 2019). Até entdo,
foram elucidados poucos destinos com énfase ao aproveitamento do bagacgo de oliva e ainda
assim ha caréncia de estudos com a preocupacdo em aproveitar os compostos de interesse
nutricional deste residuo. Dessa forma, o fracionamento granulométrico pode ser uma
alternativa viavel de um processo limpo e simples de implementar, a fim de obter produtos com
fins alimenticios ou nutracéuticos a partir do bagaco de oliva.

Além disso, a micronizacdo € uma técnica que visa a reducdo do tamanho de particula
e pode causar a ruptura de moléculas poliméricas (RASENACK e MULLER, 2004) e vem
sendo utilizada em residuos agroindustriais como bagaco de uva (ZHU et al., 2014a). Através
dessa tecnologia limpa, é possivel, por meio de modificagdes na estrutura molecular, expor ou
liberar compostos organicos de grande interesse, aumentando a bioacessibilidade destes, com
0 aumento da superficie de contato e alteracbes nas caracteristicas quimicas e fisicas
(RODRIGUEZ-HERNANDEZ et al., 2005; GONG et al., 2007). Desta forma, submeter o
bagaco de oliva a diferentes processos limpos visando melhorias na composicao e consequente
aumento da aplicabilidade pode ser uma estratégia interessante. O fracionamento
granulométrico e a micronizacdo podem apresentar bons resultados para modificacdo das
propriedades fisico-quimicas do bagaco de oliva. Alteragdes positivas na composicdo e
caracteristicas podem gerar um produto com finalidades nutracéuticas e que devem ser

estudadas para potencializar sua utilizacao.

1.1 OLIVICULTURA
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O cultivo de olivas é considerado uma prética milenar, na qual os paises europeus, como
Espanha, Grécia e Italia lideram no ranking do cultivo de olivas, sendo grande quantidade
destinada a exportacdo (FAOSTAT, 2019). No ramo de importacdo, o Brasil foi 0 segundo
maior importador mundial de azeite de oliva, perdendo apenas para os Estados Unidos, com a
entrada de aproximadamente 76 mil toneladas do produto no pais no ano de 2017 (OIC, 2019).
Devido as apreciadas caracteristicas sensoriais e ao conhecimento de que os polifendis e acidos
graxos monoinsaturados presentes no azeite de oliva trazem a salde, seu consumo vem
aumentando a cada ano (COVAS et al., 2006). Consequentemente, a demanda de importacado
de azeite para o mercado brasileiro também aumenta. Tal fato impulsionou o investimento em
olivicultura no Brasil, que possui regides de clima propicio ao manejo desta cultura
comprovado, o que impulsionou sua expoloracdo. O estado do Rio Grande do Sul,
principalmente sua metade-sul, € atualmente o maior investidor no plantio de oliveiras e lider
nacional no volume de azeite produzido, por apresentar condi¢Ges edafoclimaticas favoraveis a
pratica da olivicultura (ALBA et al., 2014).

A oliveira (Olea europaea L.) é uma planta conhecida pela humanidade héa
aproximadamente 6000 anos, cujos primeiros relatos datam a idade do Bronze (3150 a 1200
a.C) (VOSSEN, 2007). Esta ¢é uma arvore de porte médio, pertencente a familia botanica
Oleaceae, que se adapta ao clima mediterraneo, pode viver até centenas de anos e permanece
alguns anos para alcangar capacidade plena de produgdo ou até mesmo para inicia-la
(RAMALHEIRO, 2009; VOSSEN, 2007). O cultivo desta planta é favoravel entre as latitudes
30° e 45° de ambos os hemisférios, norte e sul (COUTINHO et al., 2015). Por isso, esta uma
planta necessita de amplitude térmica durante o ano, para que ocorra a inducdo floral. Desta
forma, para bons resultados de producéo, sdo necessarios invernos rigorosos e verdes secos
(OLIVEIRA et al., 2012). Pelas exigéncias climaticas para desenvolvimento da oliveira, 0
estado do Rio Grande do Sul vem apresentando bons resultados de producdo no setor, sendo o
maior produtor de azeite de oliva do Brasil. Somente neste estado, h4 6,8 milhGes de hectares
mapeados com aptiddo ao cultivo das oliveiras, demonstrando que essa atividade que ja esta em

pleno crescimento deve avancar ainda mais nos préximos anos (FAOSTAT, 2019).
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Figura 1- Arvore de oliveira em um pomar do Rio Grande do Sul.
Fonte: autoria pessoal.

Existem diversas cultivares de oliveiras e os frutos que geram podem se destinar ao
consumo de mesa ou para producdo de azeite, dependendo da quantidade de éleo que cada fruto
possui e do volume de polpa apresentado (COUTINHO et al., 2009). Estima-se que
aproximadamente 4% da producdo mundial de oliva seja destinada para consumo de mesa e 0
restante seja cultivado para produgéo de azeite (GUILHERME, 2012). Além disso, uma Unica
oliveira em fase adulta tem capacidade de produzir até 20 kg de frutos, que rendem de 5 a 6 kg
de azeite (BLANCO, 2014). As principais variedades com potencial de cultivo e que estdo
sendo utilizadas para a producdo de azeite no Rio Grande do Sul sdo: Arbequina, Arbosana,
Koroneiki, Picual e Frantoio (TERAMOTO, 2010). As diferentes variedades caracterizam
distintamente os azeites, principalmente quanto as propriedades organolépticas e composicao
fisico-quimica dos produtos, como tamanho do fruto, quantidade de polifendis e dleo
(ORTEGA-GARCIA et al., 2008; VOSSEN, 2007).

A oliva é um fruto pequeno, com formato variavel (eliptico a globular), composto de 60
a 90% da massa total de polpa e de 10 a 40% de carogo (CUSTODIO, 2009). Este fruto possui
em torno de 50% de umidade, 1,6% de proteinas, 22% de lipidios, 19,1% de carboidratos, 1,5%
de minerais e 1 a 3% de polifendis (MANDARINO et al., 2005; JULIO, 2015; D’ANTUONO
et al., 2018). As olivas sdo impréprias para 0 consumo in natura, devido a presenca de
oleuropeina e ligstrosideo. Estas substancias conferem sabor amargo a oliva, sendo necessarios
tratamentos para melhoria da palatabilidade. Com isso sdo feitos tratamentos com salmouras,

substancias de carater basico e microrganismos fermentadores, a fim de promover a hidrolise



23

dos compostos e melhorar as caracteristicas (D’ ANTUONO et al., 2018). A oleuropeina é o
principal composto fendlico presente na oliva, apresenta alta capacidade antioxidante e
comprovados efeitos na prevencdo de doencas, como o cancer (ORTEGA-GARCIA et al.,
2008; SHAMSHOUM; VLAVCHESKI; TSIANI, 2017).

1.2 EXTRACAO/PRODUCAO DO AZEITE DE OLIVA

Os cuidados para obter um azeite de qualidade ja comecam no momento da colheita dos
frutos, evitando rupturas nas cascas e exposicdo da polpa. Apds, os frutos devem imediatamente
ser destinados ao lagar para a extragao do azeite de oliva, a fim de evitar alteragdes indesejaveis
na composicdo, ocasionadas pelo metabolismo vegetal. Para manutencdo da qualidade do
produto, as olivas devem ser processadas no periodo pos-colheita de 12 a 24 horas. Ao serem
recebidas, as olivas passam por selecdo e lavagem com agua para a retirada de impurezas. A
selecdo € uma etapa muito importante para os parametros de qualide do azeite obtido
(VOSSEN, 2007). Apds lavagem e separacdo, uma pasta de oliva € preparada, através dos
processos de moagem e batedura para quebra celular e liberacao da fracdo lipidica para o0 meio
(separacéo do 6leo).

A extracdo do oleo contido na pasta formada pode ocorrer através do uso de: prensa
tradicional, filtracdo seletiva, denominados sistema continuo e centrifugacdo (bifésica e
trifasica), denominado sistema descontinuo (BOLANOS et al., 2004; VOSSEN, 2007). Apos a
separacdo das fases solida e liquida, o Oleo e a agua sdo separados por decantacdo ou
centrifugacdo. Em seguida, a fase oleosa (azeite) é armazenada para maturacdo do azeite e
decantacdo de impurezas leves ou filtrada, antes do envase (UCEDA et al., 2006).

O sistema descontinuo de extragdo € 0 mais antigo e consiste no uso de prensas manuais
ou hidraulicas, contudo ainda é utilizado nos lagares mais tradicionais. Este consiste no uso da
pressdo hidraulica para prensar uma massa de oliva através de discos de fibra, separando as
fragbes liquidas (agua e Oleo) das solidas (bagaco). Neste método, quando necessario, €
adicionado 4gua em uma pequena quantidade para facilitar a separa¢do do 6leo das demais
fases. O processo de prensas € menos rentavel e mais demorado do que os outros métodos, além
de ser mais suscetivel a oxidacao. O mosto extraido € centrifugado ou deixado em repouso para
separacdo das fases oleosa e aquosa por decantacdo. A baixa temperatura de extracdo do azeite
eleva a qualidade do produto, em comparacdo a outros métodos. A desvantagem do uso de
prensas é que frutos mais firmes sdo parcialmente rompidos, restando quantidades

consideraveis de lipidios no residuo final. Além disso, 0 processo é mais oneroso, por necessitar
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de maior méo de obra (BORJA et al., 2002; AIRES, 2007; DERMECHE et al., 2013). A adi¢éo
de pouca quantidade de agua, diminui a quantidade de aguas residuais a serem eliminadas. Essas
aguas sdo consideradas um problema ambiental grave, por apresentarem alta demanda
bioguimica de oxigénio, necessitando de tratamento prévio ao descarte (DI GIOVACCHINO
et al., 2002).

O sistema de extra¢do continuo consiste de dois métodos: centrifugacdo (decantacao)
bifasica e trifasica. Este método foi criado para substituir o sistema de prensas, sendo vantajoso,
por aumentar a produtividade e reduzir o tempo de exposic¢do da amostra, reduzindo as possiveis
perdas de qualidade (BORJA et al., 2002). Neste, utilizam-se decantadores para separar as
partes da oliva (solidas e liquidas) por meio das diferengas de densidade entre 0s componentes.
Em um sistema trifasico, € adicionada agua morna para ajudar a separacdo por centrifugacao,
melhorando a fluidez da pasta ao longo do decantador. A desvantagem deste meétodo € a
eliminacdo de sabor e de compostos fenolicos devido a diluicdo em agua (VOSSEN, 2007).
Além de perdas na qualidade do azeite, este método de extragdo acarreta na produgdo de maior
volume de residuo liquido, aumentando os problemas ambientais, pois a migracdo de
substancias fenolicas hidrofilicas faz este subproduto apresentar alto potencial poluidor
(BENITEZ et al., 1997; ALBUQUERQUE et al., 2004; ROIG et al., 2006; DEMERCHE et al.,
2013).

A fim de diminuir a quantidade de agua utilizada no sistema trifasico, foi criado o
sistema de extracdo bifasico, o qual utiliza pequenas quantidadades de agua, porém somente
quando se constata baixa umidade na pasta para extracdo do 6leo (BORJA et al., 2002). Como
a quantidade de agua é pequena, hé preservacdo dos polifendis no azeite. O 6leo gerado neste
sistema tem caracteristicas diferenciadas, como aroma e sabor frutados caracteristicos, sabores
verdes acentuados, além de amargor e maior pungéncia (VOSSEN, 2007). Apds a centrifugacao
do mosto, apenas um tipo de residuo é gerado, com uma consisténcia solida, mas com alto teor
umidade (cerca de 65 a 75%) e ndo mais € gerado um residuo liquido e outro sélido como no
sistema trifasico (DEMERCHE et al., 2013). Assim, ha possibilidade de o residuo ser
reprocessado, a fim de extrair a fracdo lipidica resultante com o uso de solventes. Mesmo
gerando residuos com menor demanda bioquimica de oxigénio e serem mais faceis de manejar,
0 aproveitamento deste residuo ainda é um desafio. Os produtos que geram preocupacao ao
meio ambiente, como os compostos fendlicos e as gorduras, ainda estdo presentes neste sistema,
em concentragdes consideraveis. Mesmo assim, o fato de adicionar pouca ou nenhuma

quantidade de &gua, diminuindo o volume de aguas residuais, faz este método ser o mais
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vantajoso, também pela qualidade do azeite gerado (ROIG et al., 2006; KAPELLAKIS et al.,
2008; DEMERCHE et al., 2013).

Posteriormente a etapa de extracdo do azeite de oliva, Seja por prensagem ou
centrifugacdo, o 6leo é colocado em descanso por 1 a 3 meses para separar pequenas particulas
solidas e goticulas de 4gua remanescentes no 6leo, as quais podem afetar a qualidade do éleo,
principalmente no sabor. Alguns azeites ainda séo filtrados para remocao completa de residuos
indesejaveis. Apés, o azeite é envasado em garrafas, rotulado e finalmente esta pronto para
comercializacdo (VOSSEN, 2007).

As diferentes técnicas de extracdo utilizadas para a producdo do azeite de oliva
extravirgem acarretam em alteragdes na composicao do produto final, j& que algumas facilitam
a passagem de alguns compostos de interesse, como os compostos fenolicos. Klen e Vodopivec
(2012), realizaram um estudo que visava monitorar a influéncia do método de extracdo com a
migracdo dos compostos fenolicos para o azeite. Comparando os trés métodos, o estudo
evidenciou que o sistema bifasico apresentou maior transferéncia de compostos fenélicos ao

azeite, além de apresentar maior atividade antioxidante para este produto.

1.3 BAGACO DE OLIVA

O bagaco de oliva (Figura 2) compreende o residuo solido gerado a partir da extracao
do azeite de oliva, independentemente do método de extracdo utilizado. No sistema bifasico,
100 kg de oliva processada produzem em torno de 80 a 95 kg de bagaco (SILVA, 2009; VALTA
et al., 2015). Em 2018, foram produzidos 58 mil litros de azeite de oliva extravirgem no Rio
Grande do Sul, logo o volume estimado de bagaco de oliva produzido estava em torno de
350000 quilogramas do produto (RIO GRANDE DO SUL, 2019). Com o crescimento da
olivicultura no Brasil, surge um agravamento de problemas ambientais ocasionados pelo
descarte incorreto e/ou falta de aplicacdo deste residuo. Atualmente, o destino que se tem dado
a este co-produto, rico em compostos de grande interesse, € a compostagem, para posterior
aplicacdo na adubacéo do solo. Além disso, algumas pesquisas vém sendo desenvolvidas com
0 intuito de aproveitar este residuo com vistas a geracdo de renda, seja extraindo compostos,
como os lipidios residuais, seja modificando a matriz para agregar valor (DAL BOSCO et al.,
2012; OMAR et al., 2012). A utilizacéo do bagaco de oliva apresentou resultados positivos na
nutricdo animal, como na aquicultura, ovinocultura e bovinocultura de leite (NASOPOULOU
et al.,, 2011; ABBEDDOU et al., 2015; CASTELLANI et al., 2017). Na nutricdo humana,

poucos estudos foram realizados, a inclusdo deste residuo em biscoitos e massas tipo pasta.
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Estes estudos mostraram um enriquecimento nutricional dos produtos, principalmente um
incremento no teor de fibras e polifendis, sem causar alteracdes nas propriedades organolépticas
esperadas dos produtos (CONTERNO et al., 2019; SIMONATO et al., 2019).

Figura 2- Bagago de oliva bruto.
Fonte: autoria pessoal.

Assim como o azeite, a composicao do bagaco de oliva apresenta variacGes em relacédo
aos diferentes cultivares, bem como as condigdes de cultivo e os métodos de extracao utilizados
(CARDQOSO, 2010). Em estudo realizado por Julio (2015), a cada 100 g de bagaco de oliva
obtém-se 11,5 g de lipidios, 8,9 g de proteinas e 4 g de cinzas. Quanto ao perfil lipidico, o
bagaco de olivas produzidas no Brasil, quando fresco, contém &cidos graxos de grande interesse
nutricional, tais como os &cidos oléico, linoléico e palmitico, que representam, respectivamente,
cerca de 73, 10 e 12% do total de &cidos graxos identificados (CARDOSO, 2010; SILVA et al.,
2012; URIBE et al., 2013).

Atencao especial deve ser dada a composicao de fibra alimentar presente no bagaco de
oliva. Foram quantificados 54,5 g/100 g de fibra alimentar total, sendo que 51,6 g/100 g
encontra-se na fracdo insolavel (JULIO, 2015). Os principais polissacarideos fibrosos
encontrados no bagaco de oliva sdo de origem péctica, hemiceluldsica e celulolitica
(DERMECHE et al., 2013). Desta forma, faz-se urgente estudos que avaliem o aproveitamento
nutricional destes residuos, pois a ingestdo de fibra alimentar exerce propriedades benéficas ao
organismo. Esta fracdo contribui com os efeitos fisiolégicos do organismo humano, por
melhorar o transito intestinal, reduzir o colesterol e a resposta glicémica (MUDGIL; BARAK,
2013). O bagaco de oliva também possui uma composicdo de minerais interessante para

nutricdo humana e animal. Os principais minerais essenciais que podem ser encontrados no
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bagaco fresco sdo potéssio, magnésio, célcio, ferro e sodio (URIBE et al., 2013; DERMECHE
etal., 2013).

1.4 COMPOSTOS FENOLICOS

Os compostos fendlicos sdo substancias originadas do metabolismo secundario das
plantas, 0s quais possuem estrutura quimica com, no minimo, um anel aromatico, podendo ter
um ou mais substituintes nas hidroxilas. Estes sdo classificados de acordo com o numero de
anéis benzénicos e os ligantes. Os radicais que se associam as hidroxilas formam novas
estruturas, desde simples até complexas, de alto peso molecular (NACZK; SHAHIDI, 2004;
D’ARCHIVIO et al., 2007). Os tipos de ligantes classificam estas substancias em diversos
grupos, sendo os principais: fendis simples, acidos fenodlicos, cumarinas, flavonoides,
estilbenos, taninos condensados e hidrolisaveis, lignanas e ligninas (NACZK; SHAHIDI, 2004;
SOUZA et al., 2007).

A principal fonte destes compostos é a dieta, particularmente o consumo de frutas e
legumes, ja que estes sdo responsaveis pela cor, aroma e adstringéncia dos alimentos naturais
(ROLEIRA et al., 2015; ANGELO; JORGE, 2007). Os compostos fendlicos apresentam-se
como moléculas de baixo peso molecular até aquelas com alto grau de polimerizacdo
(ANGELO; JORGE, 2007). Podem se apresentar na forma soltvel (livre) e insoltvel
(complexados). Os compostos sollveis estdo na forma livre ou conjugada e sdo facilmente
liberados pelo tecido vegetal, pois a maioria destes compostos encontra-se no vacuolo da célula
vegetal (BECKMAN, 2000). Dentre estes, encontram-se o0s 4&cidos fendlicos, as
proantocianidinas e os flavondides. A forma insoluvel est4 ligada a parede celular vegetal,
geralmente apresentam-se em forma de polimeros e estdo associados as moléculas de celulose,
hemicelulose, lignina e pectina. Também reconhecidos como compostos associados a fibra
alimentar, os principais sdo os taninos condensados e os hidrolisaveis e as ligninas (GONI et
al., 2009; ARRANZ et al., 2010; MERCADO-MERCADO et al., 2015; ANGELO; JORGE,
2007).

Estes compostos, considerados nutracéuticos, possuem propriedades antioxidantes,
contudo a habilidade em sequestrar radicais livres esta relacionada com sua estrutura quimica.
Como antioxidantes diretos ou primarios, estes atuam através da doacdo de elétrons ou
hidrogénio aos radicais livres ou como quelantes de cations metalicos, transformando-os em
compostos mais estaveis e, consequentemente, menos reativos. A agdo antioxidante indireta ou

secundaria ocorre através da inducdo da expressdo de enzimas enddgenas antioxidantes ou
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modulacdo da resposta imunoldgica, retardando a etapa de iniciacdo da autoxidacdo. Muitos
compostos fenolicos apresentam importante reacdo com o radical peroxil na etapa da
autoxidacdo. Dessa forma, ocorre a protecdo de moléculas biologicamente importantes, como
DNA, proteinas e membranas lipidicas (RICE-EVANS et al. 1997; BALASUNDRAM et al.,
2006; ANGELO; JORGE, 2007; STEVENSON; HURST, 2007; WANG et al., 2014). Devido
a essas propriedades, os compostos fenolicos apresentam efeitos benéficos a saude, prevenindo
doencas cardiovasculares, neurodegenerativas, cancer, osteoporose, diabetes e a oxidacao do
colesterol LDL (DILLARD; GERMAN, 2000; SCALBERT et al., 2005). E importante destacar
que a acdo antioxidante direta dos polifendis ndo é responsavel pela acdo bioldgica sistémica
destes, uma vez que sdo encontrados niveis muito baixos nos tecidos e plasma para que ocorra
este efeito. Ainda assim, 0s mecanismos de acdo destes compostos ainda nao foram totalmente
elucidados. Por isso, sugere-se que os compostos fenolicos tenham efeitos preventivos nas
condicBes inflamatdrias de doencas crénicas, atuando no sistema por diversos mecanismos
(CHEN et al., 2016).

Compostos fenolicos presentes no azeite de oliva tém demonstrado ser um dos
responsaveis pelos diversos efeitos benéficos que o seu consumo prolongado apresenta. Os
principais compostos fenolicos presentes no azeite de oliva sdo: oleuropeina, hidroxitirosol e
tirosol. O hidroxitirosol é o principal composto encontrado no azeite de oliva e também
permanece em grandes quantidades no residuo (TUCK; HAYBALL, 2002; ARAUJO et al.,
2015). As principais classes de compostos fenolicos que podem ser encontrados nos residuos
de extracdo do azeite sé@o: alcoois fendlicos (hidroxitirosol e tirosol), secoiridoides (oleuropeina
aglicona e derivados), &cidos fenolicos derivados do acido hidroxibenzoico (4cidos galico,
protocatecuico, vanilico e siringico) e do acido &cido hidroxicindmico (&cidos cafeico, ferulico,
p-cumarico e sinaptico). Além disso, &cido quinico € encontrado em grande quantidade, e
flavonoides também estdo presentes, mas em menores quantidades, sendo os principais
luteolina e apigenina (ANGELO; JORGE, 2007; FRANCO et al., 2014; ARAUJO et al., 2015).
A composicéo fendlica presente no azeite de oliva apresenta elevada atividade antioxidante e
estdo associados a prevencdo de doencas relacionadas ao estresse oxidativo como as
cardiovasculares, degenerativas e cancer (ROLEIRA et al., 2015). O consumo desses polifendis
estd associado a alta longevidade e a qualidade de vida associada a dieta do Mediterraneo, a
qual apresenta o azeite de oliva e outros alimentos de origem vegetal ricos em compostos
fendlicos como base na alimentacdo (TUCK; HAYBALL, 2002).

A importancia nutricional do azeite de oliva extravirgem tem sido associada ao seu

conteddo de polifendis e acidos graxos mono e poli-insaturados. Os polifendis estdo
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relacionadas a prevencdo de doengas, como 0 cancer e coronarianas, pois possuem elevada
atividade antioxidante e anti-inflamatéria (SERVILI et al., 2009; VISSERS et al., 2004). Na
oliva, os compostos fendlicos apresentam-se tanto com caracteristicas lipofilicas quanto
hidrofilicas e estas caracteristicas determinam a migracdo dos compostos para o azeite e/ou a
permanéncia, ficando retidos no bagaco (BOSKOU, 2015). A cada 100 g deste coproduto seco
ha aproximadamente 3000 mg de acido galico, quantidade bastante superior a encontrada em
residuos de outras frutas que sdo considerados fontes de polifendis, como acerola e maracuja
(OLIVEIRA et al., 2009; URIBE et al., 2014).

1.4.1 Compostos fenolicos do bagaco de oliva

Os principais compostos fenolicos livres/extraiveis encontrados no bagaco de oliva
bruto sdo os acidos: protocatecuico, hidroxibenzdico, p-cumarico, vanilico e ferrdlico. Os
principais compostos fendlicos ligados a matriz, encontrados, foram os acidos: siringico,
protocatecuico, caféico, sinapico e rutina (ALU’DATT et al., 2010). Além disso, compostos
caracteristicos dos azeites de oliva também sdo encontrados no bagago, como hidroxitirosol,
oleuropein, apigenina, luteolina, pinoresinol e outros (DERMECHE et al., 2013; SHAHIDI;
AMBIGAIPALAN, 2015). Alem dos compostos fenolicos encontrados de forma livre nos
tecidos vegetais, ha aqueles que se apresentam na forma de polimeros, como 0s taninos e as
ligninas (SOARES, 2002). No bagaco de oliva, estes compostos estdo presentes em quantidade
consideravel, principalmente os polimeros lignocelulosicos, que compdem cerca de 60% deste
coproduto (SILVA et al., 2012). A lignina € um composto fenolico de alta massa molecular
(600 a 15000 kDa), composto por uma estrutura fenilpropandide altamente ramificada. Os
principais monémeros que compdem este polimero sdo os alcoois cumaril, coniferil e sinapil
(KLEINERT; BARTH, 2008). Por serem de dificil absor¢do, os compostos lignoceluldsicos
reduzem as possiveis aplicacfes dos residuos da oliva para a nutricdo humana e animal. Uma
alternativa para agregar valor a este coproduto é empregar processos que modifiquem a
composicdo da matriz fibrosa e aumentem a biodisponibilidade desta fracdo de polifendis
ligados. Neste contexto, os métodos mecanicos, como a micronizacdo sao particularmente

interessantes, pois ndo utilizam produtos quimicos nem geram residuos.

1.5 BIOACESSIBILIDADE DOS POLIFENOIS
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A bioacessibilidade é compreendida como a capacidade de os polifendis serem liberados
do alimento durante a digestdo gastrointestinal e estarem mais suscetiveis, sendo que suas
estruturas quimicas estdo mais aptas a penetracdo no epitélio e consequentemente, ocorrer a
absorcdo intestinal (CARDOSO et al., 2015). Os compostos fenolicos ligados sdo pouco
absorvidos pelo trato gastrointestinal, embora a taxa de absorcdo destes esteja relacionada as
diversas estruturas quimicas apresentadas e também as condi¢cbes do meio no trato
gastrointestinal (MANACH et al., 2005; TAGLIAZUCCHI et al., 2010). Durante a digestao,
algumas alteracdes na estrutura quimica dos polifendis podem ocorrer, seja por desordens
metabolicas seja por condicdes fisioldgicas e interacbes com 0 meio ao qual estdo em contato.
Estas modificacbes podem influenciar na bioacessibilidade dos compostos, como peso
molecular, glicosilacdo e esterificacbes na molécula (AHMAD-QASEM et al., 2014,
SCALBERT et al., 2005). Desta forma, a matriz alimentar pode influenciar bioacessibilidade
dos fendis, pois a quantidade liberada dentro da matriz ird influenciar a fracdo disponibilizada
para absorcdo intestinal (ANGELINO et al., 2017). Além disso, a bioacessibilidade dos
compostos fenolicos pode ser afetada por componentes alimentares comumente consumidos,
como proteinas e ferro. Estas substancias interagem com os polifenois durante a digestdo no
Iimen e as proteinas podem formar fortes complexos de proteina-polifenol (ARGYRI et al.,
2005; ISHII et al., 2008).

Os compostos fendlicos livres sdo mais facilmente absorvidos durante a digestdo
gastrointestinal, enquanto os compostos ligados sdo menos absorvidos, por estarem associados
a uma matriz alimenticia complexa em suas formas intactas (MANACH et al., 2005). Assim,
estima-se que a maioria destes (95%) ndo é absorvida, acumulando-se no célon (CLIFFORD,
2004). Os compostos menos absorvidos, como as proantocianidinas ou taninos condensados,
chegam ao colon intactos e sdo metabolizados pela microbiota intestinal, mostrando potencial
prebiotico, por aumentar a populacdo de bactérias benéficas como Lactobacillus ou
Bifidobactérias, servindo como substrato, e reduzir a populacdo de microrganismos
patogénicos (TZOUNIS et al., 2011). Além disso, estes compostos apresentam efeitos na
mucosa intestinal, devido a producdo de acidos graxos de cadeia curta, 0s quais protegem a
mucosa de inflamacdes e doencas intestinais (MANACH et al, 2005; MONAGAS et al., 2010;
MOLINO et al., 2019).

Desta forma, modificacdes fisicas, como a micronizacdo, devem ser estudadas,
principalmente em produtos ricos em compostos fendlicos livres e ligados, como o bagago de

oliva. As modificacdes na estrutura fisica da matéria podem expor os compostos ligados,
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levando a uma maior bioacessibilidade destes e ao aproveitamento e agregacdo de valor a

subprodutos, obtendo um produto com maior bioacessibilidade e bioatividade.

1.6 FIBRA ALIMENTAR

Segundo o Codex Alimentarius, “a fibra alimentar ¢ constituida de polimeros de
carboidratos com dez ou mais unidades monomeéricas, que ndo sao hidrolisados pelas enzimas
enddgenas no intestino delgado humano e que podem pertencer as seguintes categorias:
polimeros de carboidratos comestiveis que ocorrem naturalmente nos alimentos na forma como
sdo consumidos; polimeros de carboidratos obtidos de material cru por meio fisico, quimico ou
enzimatico e que tenham comprovado efeito fisiologico benéfico sobre a salde humana, de
acordo com evidéncias cientificas propostas e aceitas por autoridades competentes; polimeros
de carboidratos sintéticos que tenham comprovado efeito fisioldgico benéfico sobre a salde
humana, de acordo com as evidéncias cientificas propostas e aceitas por autoridades
competentes” (CODEX ALIMENTARIUS, 2009).

A fibra alimentar compreende compostos que fazem parte da estrutura celular vegetal,
como ligninas, celuloses, hemiceluloses e pectinas, mucilagens e gomas, além de
polissacarideos e oligossacarideos associados a matéria vegetal e que conferem rigidez a parede
celular (CATALANI et al., 2003; CHAWLA,; PATIL, 2010). Esta classe de carboidratos é
resistente a acdo das enzimas digestivas humanas, passando pelo intestino delgado inalterada,
podendo ser completa ou parcialmente fermentada pela microbiota no intestino grosso
(RODRIGUEZ et al., 2006; MUDGIL e BARAK, 2013). Aléem disso, a fibra alimentar é
responsdvel por aumentar a saciedade apds a refeicdo e diminuir a fome subsequente
(WEICKERT; PFEIFFER, 2018). De acordo com a solubilidade em agua, estes compostos
podem ser classificados como sollveis ou insolUveis e cada uma destas fragdes exerce atividade
fisioldgica distinta no organismo (ESPOSITO et al., 2005; MIRA et al., 2009).

A fracdo soluvel da fibra é encontrada principalmente em leguminosas secas, aveia,
cevada e frutas. Esta € composta por pectinas, gomas e mucilagens e algumas hemiceluloses
sollveis, as quais sdo capazes de formar géis, aumentando a viscosidade da digesta e 0 tempo
do trénsito intestinal (CATALANI et al., 2003). Dessa forma, a fracdo soltvel da fibra pode
retardar ou dificultar a absorcdo dos carboidratos da dieta, devido aos géis formados
(WEICKERT; PFEIFFER, 2018). Com esses efeitos, a fibra sollvel traz beneficios & saude,
atuando na reducdo do colesterol total e LDL, bem como reducdo da absorcdo de glicose pelo

intestino delgado e consequente diminuicdo do risco de diabetes, obesidade e doencas
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gastrointestinais, como o cancer de colon (WEICKERT; PFEIFFER, 2008; VUKSAN et al.,
2011). No intestino grosso, este tipo de fibra pode sofrer degradacdo ou fermentacdo pelas
enzimas do trato gastrointestinal, produzindo acidos graxos de cadeia curta (acidos butirico,
acético e propidnico) (CATALANI et al, 2003). Esta fracdo de fibra apresenta maior atividade
antioxidante do que a fracdo insoltvel (ESPOSITO et al, 2005). A fragdo insoluvel é
encontrada em farelos, vegetais folhosos e graos. Estas fontes sdo formadas por compostos
insollveis em agua, presentes principalmente na parede celular das células vegetais, como as
hemiceluloses insoluveis, celuloses e lignina (CAVALCANTI, 1997; ELLEUCH et al., 2011).
Estes compostos sdo responsaveis pelo aumento do volume e peso fecal, pelo efeito da
capacidade de retencdo de &gua, contribuindo para um transito intestinal mais rapido
(CATALANI, 2003). Esta fracdo de fibra sofre pouca ou nenhuma fermentacao pela microbiota
intestinal, mas promove o desenvolvimento da mucosa do ileo e do colon (LOPEZ et al., 1997;
TUNGLAND; MEYER, 2002).

As fragdes de fibra alimentar solGvel e insolUvel apresentam caracteristicas tecnolégicas
distintas. Estas caracteristicas sdo importantes, pois definem a aplicabilidade de ingredientes
ricos em fibras, formando produtos com boas caracteristicas sensoriais. As propriedades de
hidratacdo da fibra alimentar s@o dependentes da estrutura quimica do polissacarideo,
porosidade, tamanho de particula, forma ibnica, pH, entre outros. As propriedades de hidratacdo
definem os niveis de fibra aconselhaveis para inclusdo em alimentos, sem afetar a textura
desejavel. A capacidade de retencédo de 6leo, também influenciada pelo tamanho de particula e
origem da fibra, € uma propriedade explorada para aumentar a reten¢édo da gordura em produtos
com elevado teor lipidico e emulsdes, como os derivados carneos (THEBAUDIN et al., 1997;
ELLEUCH et al., 2011). A capacidade de ligacdo a cations esté relacionada & disponibilidade
de minerais, pois esta avalia a habilidade da matriz fibrosa em ligar e reter ions na sua superficie
(DAOU; ZHANG, 2012). Fibras com elevada capacidade de ligagéo cationica podem prender,
desestabilizar e desintegrar a emulsao lipidica e assim reduzir a difusdo e absorc¢éo de lipidios,
bem como de colesterol (CHAU et al., 2007). Desta forma, modifica¢Ges fisicas em residuos
agroindustriais vém sendo estudadas. Estes mostram alteracfes na composicao da fibra
alimentar e melhorias nas propriedades tecnoldgicas dos subprodutos, tornando o uso mais
viavel em alimentos, e aproveitando os compostos que sdo de grande interesse para a
manutencdo da saude, os quais tem origem do aproveitamento de residuos (CHAU et al., 2006;
ZHU et al., 2014b; 2015).
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1.7 FRACIONAMENTO GRANULOMETRICO

Fracionamento granulométrico consiste na separacdo dos granulos constituintes de uma
amostra em p6 Uumida ou seca por tamanho geomeétrico, utilizando peneiras ou tamises com
tamanho de malha conhecido. A separacdo de uma matriz em diferentes tamanhos de particula
causa modificagdes nas propriedades e caracteristicas inerentes a amostra separada e, assim,
novos produtos sdo obtidos (AHMED et al., 2016).

Geralmente, a separacdo granulométrica é utilizada para melhorar a uniformidade da
amostra pulverizada. Matrizes vegetais apresentam diferentes tecidos em sua composicéo e,
muitas vezes, tecidos mais rigidos sdo resistentes a quebra, deixando o p6 com tamanhos de
granulos diferentes em toda sua composi¢do. Desta forma, a minimizacdo deste efeito da
moagem e homogeneizacao do produto formado € realizada pelo fracionamento granulométrico
(BECKER et al., 2017).

Com este fracionamento, a composi¢do dos novos produtos pulverizados obtidos é
modificada. Farinhas com diferentes granulometrias apresentaram diferencas no teor de
carotenoides e foram observadas influéncias nos parametros de cor avaliados nas amostras
(HIDALGO et al., 2014). Diferentes fracdes granulométricas de lentilhas vermelhas
apresentaram modificacdes na composicao centesimal, propriedades reoldgicas, térmicas e de
pasta das farinhas obtidas (AHMED et al., 2017). Além disso, moagem seguida de separacdo
granulométrica de feijdo-caupi foram eficientes para formar farinhas com diferengas no teor de
amido e com modificacdes nas propriedades térmicas e funcionais, como absorcdo de agua,
perda de solidos e solubilidade proteica (KERR et al., 2000). Os teores das fracdes de fibra
alimentar (soltvel e insolGvel) sdo concentrados no fracionamento a seco de aveia
desengordurada, quando avaliadas algumas granulometrias, principalmente em torno de 300,
212 e 150 pm (DANIEL et al., 2006).

O teor de polifendis também € influenciado pelo tamanho de particula. Em estudo
realizado com pos preparados de H. pilosella, o tamanho de particula beneficiou a extragcdo dos
polifendis e consequentemente aumentou a atividade antioxidante. Para esta fonte vegetal, os
autores observaram que o peneiramento promoveu uma discriminagéo dos compostos bioativos,
sendo estes concentrados em uma faixa de tamanho de particula, como fracdes entre 180- 315
pum e 315- 500 um (BECKER et al., 2017). A granulometria que apresenta maior teor de
polifendis varia conforme a espécie vegetal, devido a superficie de contato dos granulos. Os

compostos se distribuem conforme o tamanho de particula, muitas vezes causando a
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concentracdo destes em algumas fracoes (DELI et al., 2019). Por isso, separa¢do granulométrica
é uma alternativa vidvel para concentracdo de compostos de interesse de acordo com a

granulometria, além de ser uma tecnologia limpa e que envolve poucos custos.

1.8 MICRONIZACAO

Micronizagdo ¢ um método de moagem ultrafina, que acarreta na reducdo do tamanho
de particula para as grandezas micro e nano, sendo denominado de micronizado o material que
contenha tamanho de particula inferior a 100 um (ZHAO et al., 2009). Existem diversos tipos
de moinhos utilizados para a reducdo do tamanho de particulas de farmacos, alimentos e
residuos agroindustriais (RAO; TATTIYAKUL, 1999; CHAU et al., 2007). Estes
equipamentos baseiam-se em diferentes principios, como utilizacdo de jato de ar,
homogeneizadores envolvendo alta pressdo ou moinhos de bolas (RASENACK e MULLER,
2004).

Um dos principais métodos de reducao do tamanho de particulas é amoagem com bolas.
Este principio consiste em um recipiente fechado, formado por determinado material, contendo
uma quantidade de amostra em contato com as bolas. Ao ser colocado no equipamento
(moinho), o recipiente gira em torno de seu eixo e um disco gira na dire¢do oposta, gerando
forga centrifuga. Esta forca impulsiona o movimento das bolas, ocasionando, através das
colisdes, o atrito entre elas mesmas e com as paredes do frasco moedor. Desta forma, o atrito e
0 impacto da amostra com as bolas faz com que ocorra reducéo do tamanho das particulas (LOH
et al., 2015; RAMACHANDRAIAH e CHIN, 2016). A eficicia para obtencdo de menores
tamanhos de particula esta associada as programacdes de tempo e frequéncia de rotagdo do
frasco contendo amostra, sendo que geralmente maiores tempos acarretam em menores
tamanhos de particula, para moagem por bolas devido ao maior nimero de colisdes e atrito
(CHAU et al., 2007). A principal vantagem da utilizacdo do moinho de bolas € o baixo custo
do processo e a preservacdo do meio ambiente, devido a pouca ou nenhuma geracao de residuos
(HE et al., 2014).

Outro método de moagem ultrafina é o que utiliza jato de ar. Este consiste na passagem
de jatos de ar pressurizados dentro do recipiente contendo amostras e estes jatos fazem com que
as particulas colidam entre si e/ou entrem em colapso com as superficies solidas, rompendo-se
em tamanhos menores. As principais varidveis que podem ser alteradas para otimizacdo da

reducdo do tamanho de particula s&o a taxa de alimentacdo de ar no frasco e a altura do frasco.
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Este método também ¢ eficaz para reduzir os tamanhos das particulas as grandezas de 1-10 um
(TUUNILA e NYSTROM, 1998; DRAKOS et al., 2017).

Os diferentes tipos de micronizacdo em alimentos e residuos agroindustriais acarretam
em alteracOes na estrutura quimica da matéria prima, modificacdes na area de superficial, bem
como nas propriedades fisico-quimicas e funcionais dos poés gerados (RODRIGUEZ-
HERNANDEZ et al., 2005; GONG et al., 2007). Além disso, o processo de moagem ultrafina
traz melhorias a outras propriedades importantes aos alimentos como aumento da solubilidade,
aumento da dispersao do p6, melhoria na absorcdo, maior reatividade quimica e fluidez (WU
etal., 2012; ZHU et al., 2015).

A micronizacdo causa uma redistribuicdo nas fragdes de fibra insoltvel, tornando-as
mais sollveis. Isso é devido ao aumento da area superficial, da porosidade e da atracdo capilar
da fibra, além da solubilizacdo de algumas proteinas e substancias pécticas constituintes da
parede celular (CHAU et al., 2007; WANG et al., 2009; HUANG et al., 2010). Além disso, este
método tem potencial de melhorar a capacidade antioxidante, por exemplo, de casca de trigo
mourisco e cevada descascada. Além disso, a micronizacao é capaz de aumentar a quantidade
de compostos fendlicos totais da amostra, por alterar ou danificar a matriz fibrosa, levando a
exposicdo ou liberacdo de alguns compostos que estavam fortemente ligados (ZHU et al.,
2014b; 2015). A capacidade ligacdo da molécula de glicose pela estrutura da fibra alimentar
também é aumentada pelo processo de micronizacdo. Isso esta associado com a reducéo da
capacidade da fibra em se ligar as moléculas de agua, devido a retencdo da molécula da glicose
nos sitios de ligacéo presentes na fracéo fibrosa, levando a diminuicao da difusdo das moléculas
de glicose no meio reacional (CHAU et al., 2006).

O valor biolégico de produtos que sofreram o processo de micronizagdo tambem é
melhorado. Em estudo realizado com hamsters, fibra de carambola micronizada aumentou a
excrecdo e umidade das fezes, em comparacdo com a fibra ndo micronizada. Além disso, houve
reducdo da concentracdo de amonia no ceco e queda da atividade de enzimas bacterianas
colonicas (HUANG et al., 2008). Outro estudo realizado com casca de bucha vegetal (Luffa
cylindrical) mostrou que a microniza¢do aumentou a extracdo de compostos funcionais. Este
efeito promoveu atividade anti-inflamatoria de células do exsudato peritoneal, devido a inibicéo
da IL-1B, do TNF-a e da prostaglandina E> (CHOU et al., 2016). Poucos estudos avaliaram o
efeito da micronizacdo sobre a digestibilidade de residuos agroindustriais e alimentos. Dessa
forma, estudar o processo de digestibilidade in vitro e fermentacdo pela microbiota intestinal

humana de diferentes fracdes gravimétricas (micronizadas ou nao) do bagaco de oliva se faz
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necessario, para observar em qual etapa do processo digestivo 0s principais compostos sao

aproveitados e se a micronizacao melhora o aproveitamento destes pelo organismo.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

Estudar os efeitos do fracionamento granulométrico e da micronizacao do bagaco de oliva como
estratégia para melhorar as propriedades funcionais e tecnoldgicas da fibra alimentar e a

bioacessibilidade de polifenois.

2.2 OBJETIVOS ESPECIFICOS

- Estudar o efeito da separagdao granulométrica e micronizagao sobre o perfil de compostos
fendlicos e a capacidade antioxidante do bagago de oliva.

- Investigar o efeito da separacdo granulométrica e micronizagdo sobre a composi¢ao fisico-
quimica e propriedades funcionais e tecnoldgicas do bagago de oliva in vitro.

- Avaliar o efeito da separacdo granulométrica e micronizacdo do bagago de oliva sobre a

bioacessibilidade dos compostos fendlicos.
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3 MATERIAL E METODOS

Este estudo consistiu de trés etapas, de acordo com o0s objetivos especificos
demonstrados anteriormente. A primeira etapa consistiu na separacao granulométrica do bagaco
de oliva utilizando tamises de 2 mm, seguida de micronizagédo (moinho de bolas) das fragdes
peneiradas, utilizando tempos reduzidos de moagem (minutos). Além disso, nesta etapa foi
realizada a otimizacao das condicdes de micronizacdo das frac6es granulométricas, visando o
aumento do conteudo de polifendis sollveis, e foi avaliada a composicéo fisico-quimica e
atividade antioxidante dos produtos formados. A partir dos dados obtidos neste estudo, gerou-
se 0 Manuscrito 1, intitulado: “Micronizacéo e fracionamento granulométrico melhoram o teor
de polifenois e capacidade antioxidante do bagaco de oliva”.

A segunda etapa consistiu na separacdo granulométrica do bagacgo de oliva utilizando
tamises de 2 mm, seguida de micronizagao (moinho de bolas) das fragdes peneiradas, utilizando
tempos prolongados de moagem (horas). Nesta etapa também foi realizada a otimizacdo das
condic¢des de micronizacdo das fragdes granulométricas, visando o aumento da fracdo de fibra
solivel, monitorando-se a reducdo da relacdo IDF/SDF (fibra insoltvel/ fibra solavel).
Posteriormente a obtencdo das condi¢Ges otimas de moagem, foram realizadas anéalises de
composicgdo da fibra (celulose, hemicelulose, lignina e aglcares neutros), além das propriedades
tecnoldgicas e funcionais dos novos produtos. A partir dos dados obtidos neste estudo, gerou-
se 0 Manuscrito 2, intitulado: “Fracionamento granulométrico e micronizagcdo: um processo
para aumentar o teor de fibra alimentar sollvel e melhorar as propriedades funcionais e
tecnoldgicas do bagago de oliva”.

A terceira etapa consistiu em avaliar a digestibilidade in vitro das amostras, verificando
impacto do tratamento fisico (fracionamento granulométrico e micronizacdo) sobre a
bioacessibilidade dos compostos fenolicos em diferentes etapas da digestao (fase oral, gastrica,
absorvida e ndo absorvida no duodeno). Os resultados obtidos neste estudo originaram o
manuscrito intitulado: “Micronizacdo aumenta a bioacessibilidade de polifendis do bagaco de

oliva granulometricamente separado.”

3.1 PREPARACAO DAS AMOSTRAS

3.1.1 Obtengéo do bagaco de oliva



40

Bagago de oliva (OP), cv. 'Arbequina’, foi obtido de uma empresa extratora de azeite de
oliva, localizada na cidade de Formigueiro, RS, Brasil (29 © 59'01 " S; 53 °21 '50 " W). O
azeite de oliva foi extraido pelo método de centrifugacdo bifasica e o residuo OP obtido foi

imediatamente armazenado a -18 ° C para continuidade do estudo e relizagdo das analises.

3.1.2 Fracionamento granulométrico

Bagaco de oliva imido bruto foi separado em uma peneira com malha de 2 mm. A fragédo
retida na peneira (particulas> 2 mm) foi denominada Fracdo 1 (F1). A fracdo que passou pela
peneira (particulas <2 mm) foi centrifugada (1774 x g / 10 min) para remover o contetdo liquido
excessivo. Entdo, o sedimento foi chamado de Fracdo 2 (F2). A fracdo liquida presente no
sobrenadante sera explorada em outros estudos. As fracbes F1 e F2 foram liofilizadas
(TERRONI, modelo LS 3000, Brasil) e trituradas em moinho de martelo convencional
(Marconi®, Brasil). Para aumentar a estabilidade das amostras, F1 e F2 foram desengorduradas
com n-hexano (Goulart et al., 2013). O solvente orgéanico foi filtrado e destilado para ser
reutilizado. O n-hexano retido nas amostras F1 e F2 foi evaporado a temperatura ambiente para

evitar a degradacédo térmica dos compostos de interesse.

3.1.3 Micronizagéo das fracGes do bagaco de oliva

Para o primeiro estudo, as fracbes F1 e F2 desengorduradas foram pulverizadas em um
moinho planetario de bolas de alto impacto (Retsch Co., Alemanha, modelo PM100) usando
um recipiente de aco inoxidavel (250 mL) com seis esferas de aco inoxidavel (30mm didmetro
cada). A quantidade de amostra para cada ciclo de moagem (15 g) foi baseada na recomendacéo
do fabricante e em testes piloto. Um planejamento fatorial 22 foi configurado para escolher as
melhores condi¢Bes de moagem e aprimorar o contetdo de polifendis extraiveis nas amostras
F1 e F2. Um planejamento composto central foi usado para estimar a melhor condi¢do de
moagem para melhorar a extracdo de polifendis lives nas fracdes do bagaco de oliva. A resposta,
ou seja, o0 teor de compostos fendlicos totais foi avaliada pelo método do reagente de Folin-
Ciocalteu (Waterhouse, 2003). As variaveis estudadas no delineamento experimental para
micronizagdo foram velocidade de rotagédo (300, 400 e 500 rpm) e tempo de moagem (5, 15 e
25 min). O ponto central do projeto foi executado em triplicata, resultando no total de 11
experimentos para cada fracdo. A melhor condicdo de micronizacao para aumentar o valor de

polifendis extraiveis foi de 500 rpm/24,8 min para F1 e 500 rpm/ 16 min para F2e obteve-se
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duas novas amostras: F1 apds a moagem (FLAG) e F2 apds a moagem (F2AG). Assim, a
caracterizagdo fisico-quimica deste estudo foi realizada em quatro amostras: F1, F2, F1AG e
F2AG.

Para preparar 0s pés micronizados do segundo estudo, fracBes F1 e F2 desengorduradas
foram submetidas a um moinho planetario de bolas (Retsch Co., Alemanha, modelo PM100)
utilizando um recipiente de aco inoxidavel de capacidade de 250 mL e seis esferas de aco
inoxidavel de 30 mm de diametro. Um lote de amostras de 15 g foi micronizado em cada
execucdo, seguindo a recomendacao do fabricante e os testes-piloto. A cada 10 min de moagem,
0 equipamento foi pausado 2 min para evitar o aumento da temperatura no interior frasco. Um
palnejamento experimental foi usado para otimizar as condi¢des de moagem e produzir a menor
relacdo IDF/SDF (fibra soluvel/fibra insoltuvel). Para que esta taxa seja diminuida, sera
selecionada a condicao que apresentar maior teor de fibra solGvel. O teor de fibra alimentar foi
avaliado pelo método enzimético-gravimétrico descrito por AOAC (1995) (nimero 991.43).
Para este delineamento experimental, as variaveis estudadas foram velocidade de rotacéo (300,
400 e 500 rpm) e tempo de moagem (3, 4 e 5 h). A menor relacdo IDF/SDF foi obtida em 300
rpm/ 5 h tanto para F1 quanto F2 (Material Suplementar do Manuscrito 2). Entdo, duas novas
amostras foram obtidas ap6s a moagem nesta condicdo: F1AG e F2AG. Assim, cinco amostras
foram analisadas neste estudo: OP (bagaco de oliva sem separacdo granulométrica), F1, F2,
F1AG e F2AG.

[ Micronizagdo >

[ Micronizagdo >

Figura 3- Amostras em p6 obtidas ap6s fracionamento granulométrico (F1 e F2) e micronizacao
(FLAG e F2AG).
Fonte: autoria pessoal.
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3.2 ETAPA 1 - PERFIL DE COMPOSTOS FENOLICOS, CAPACIDADE ANTIOXIDANTE
E COMPOSICAO DO BAGACO DE OLIVA (F1, F2, FIAG E F2AG)

3.2.1 Andlises dos compostos fendlicos extraiveis e ndo extraiveis

Para obter o extrato de polifendis extraiveis (EPP), as amostras foram agitadas durante
1 hora com uma solucéo de metanol e 4gua, protegidas da luz (50:50, v/v; pH 2). ApGs agitacdo,
a mistura foi centrifugada a 1774 x g, 10 min e o sobrenadante foi coletado. Em seguida, foi
adicionada ao residuo solido uma solucgéo de acetona e 4gua (70:30, v/v) e novamente a mistura
foi agitada por 1 hora e centrifugada a 1774 x g, 10 min também com protecdo da luz. Os
sobrenadantes metandlicos e acetonicos foram combinados para produzir o extrato de EPP
(RUFINO et al., 2011). O rendimento do extrato de EPP foi de 40 mL por g de amostra. Para
obter o extrato de taninos hidrolisaveis (HT), o residuo solido da extracdo de EPP foi incubado
a 85 °C com metanol e acido sulfarico concentrado durante 20 h. A mistura foi centrifugada
(1774 x g, 10 min), o residuo solido foi lavado duas vezes com agua e todos o0s sobrenadantes
foram combinados para produzir o extrato de HT (PEREZ-JIMENEZ et al., 2008a). Os taninos
condensados (CT) foram liberados da matriz por incubag&o do residuo da extracdo de EPP com
solucdo de n-butanol e HCI (95:5, v/v) contendo FeCls, a 100 ° C durante 1 hora. Apés a
incubacéo, a mistura foi centrifugada (1774 x g, 10 min) para produzir o extrato CT (ZURITA
et al., 2012). O teor de polifenois nos extratos de EPP e HT foi medido utilizando o reagente de
Folin-Ciocalteu (WATERHOUSE, 2003) e uma curva de calibracdo do &cido géalico foi
conduzida junto com o ensaio. A absorbancia dos extratos de CT foi medida em 450 e 555 nm
e uma curva padrao de calibracdo obtida para alfarroba (y = 0,0096x - 0,0005) foi usada para
determinar o conteddo da CT (ZURITA et al., 2012).

3.2.2 Analise do perfil de compostos fendlicos (HPLC)

As amostras F1, F2, FLAG e F2AG foram extraidas com solucdo aquosa de metanol
(75:25 viv) como descrito por Lozano-Sanchez et al. (2011) para obter o extrato para analise de
compostos fendlicos. O rendimento de extragdo foi de 4 mL por g de amostra. Os extratos foram
filtrados (0,22 um, PTFE) antes da anélise por cromatografia liquida de alta eficiéncia (HPLC).
Os compostos fenolicos foram quantificados em um sistema de HPLC (Shimadzu, Japéo)

equipado com bomba quaternaria, desgaseificador, médulo de comunicacéo e coluna de forno.
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O sistema foi acoplado a uma coluna de fase reversa Phenomenex Kinetex 5 p EVO C18 100A
(5 um; 4,6 x 250 mm). A fase movel foi um gradiente utilizando &gua acidificada (0,25% acido
acético, v / v) (fase mdvel A) e metanol (fase movel B). A eluicdo do gradiente foi ajustada
como segue: 5% de B de 0 a 7 min; 35% B de 7 a 12 min; 45% B de 12 a 17 min; 50% de 17 a
22 min; 60% de 22 a 25 min; 95% de B de 25 a 27 min; e 5% de B de 27 a 37 min. A taxa de
fluxo dos solventes foi de 0,6 mL/ min e o tempo total da corrida foi de 37 min a 25 °C. Um
detector de fluorescéncia (RF) foi usado para detectar hidroxitirosol, oleuropeina e pinoresinol
(excitacdo a 280 nm, emissé@o a 339 nm). O detector de arranjo de diodos (DAD) foi usado para
detectar luteolina e apigenina a 340 nm. O método utilizado para a quantificagdo dos polifenois

foi validado apds a Conferéncia Internacional sobre Diretrizes de Harmonizagdo (ICH, 2005).

3.2.3 Analise da capacidade antioxidante

A capacidade antioxidante foi avaliada nos extratos de EPP utilizando os ensaios DPPH,
ABTS e ORAC. A remocdo do radical DPPH (2,2-difenil-1-picrilidrazil) foi monitorada
(Brand-Williams et al., 1995) com trolox como padrdo para a calibracdo curva. Os resultados
foram expressos como a concentracdo da amostra (ug de matéria seca/ mL) necessaria para
diminuir em 50% (ECso) a absorcéo do DPPH.

O método ABTS é baseado na remogdo do radical ABTS® (2,2'-azinobis (4cido 3-
etilbenzotiazolino-6-sulfonico), que é gerado pela oxidacdo de ABTS usando uma solucédo de
persulfato. Os resultados foram expressos como ECso para remogao de ABTS (Re et al., 1999).

ORAC mede a capacidade de eliminacdo de radicais peroxil de extratos antioxidantes
como sua capacidade de inibir a perda de fluorescéncia da sonda causada pelo iniciado azo-
radical AAPH (dicloridrato de 2,2'-azobis (2-aminopropano)) (Ou et al., 2001 ). Os resultados
foram expressos em pmol equivalentes de Trolox por grama de amostra em base seca (umol

TE/ g de matéria seca).

3.2.4 Tamanho de particula e microscopia eletronica de varredura

O tamanho de particula foi medido utilizando um analisador de tamanho de particula
com difracdo a laser equipado com uma unidade de controle de sonicacdo (Beckman Coulter,
modelo LS 13 230, California, EUA). As amostras foram adicionadas até atingir o ponto 6timo
de obscuracdo e entdo as particulas do p6 foram dispersas através de um tratamento de ultrassom

por 1 minuto. O procedimento foi realizado em triplicata.
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A microscopia eletronica de varredura (SEM) foi realizada em um equipamento JEOL
(modelo 6510 L V). As amostras foram metalizadas com uma fina camada de ouro e a
micrografia foi obtida através de um feixe de elétrons de 10 kV. A morfologia das amostras foi
avaliada em um estereomicroscépio (Karl Zeiss, modelo Stemi 508) acoplado ao software Zen
2 Blue Edition.

3.2.5 Composicao fisico-quimica das amostras

As amostras foram avaliadas para determinar as cinzas, proteina bruta (N x 6,25) e teor
de fibra alimentar total (TDF), insolavel (IDF) e soltvel (SDF) pelos métodos AOAC (1995).
A gordura foi avaliada pela metodologia de Bligh e Dyer (1959). Celulose, hemicelulose e
lignina foram avaliadas pelo método de Goering e Van Soest (1970). Os resultados foram
expressos em grama do componente/ 100 g de amostra.
3.3 ETAPA 2 - COMPOSIQAO FISICO-QUIMICA E PROPRIEDADES FUNCIONAIS
(TECNOLOGICAS) DO BAGACO DE OLIVA (F1, F2, FIAG E F2AG)

3.3.1 Composicao da fibra alimentar

As amostras foram avaliadas para determinar a composi¢éo da fracdo da fibra alimentar,
ou seja, fibra alimentar total (TDF), fibra alimentar insolGvel (IDF), fibra alimentar soltvel
(SDF), lignina, celulose e hemicelulose. Os teores de TDF, IDF e SDF foram obtidos pelo
método enzimético-gravimétrico AOAC (numero 991.43) (AOAC, 1995). O teor de celulose,
hemicelulose e lignina foi avaliado conforme descrito por Goering e Van Soest (1970),
conforme a solubilidade das amostras fibrosas em em detergente neutro e detergente acido.
Ap0s o tratamento das amostras com detergente acido, a lignina foi quantificada atraves de
tratamento com HxSO4 a 72% (v/ V).

A composicdo em monossacarideos nas fragdes do bagaco de oliva (glucose, xilose,
arabinose, manose e galactose) foi determinada de acordo com o0 modo de Sluiter et al.(2008).
Resumidamente, as amostras (0,3 g) foram hidrolisadas com H.SO4 a 72% (p/ v) a 30° C
durante 60 min. Posteriormente, 84 mL de agua destilada foram adicionados e as amostras
foram hidrolisadas a 121 °C durante 60 min, e depois filtradas a vacuo. O filtrado resultante foi
analisado por cromatografia liquida de alta eficiéncia com deteccdo amperométrica pulsada
(HPLC-PAD) para analise de monossacarideos liberados por cromatografia de troca ani6nica.

A separacdo foi realizada utilizando-se instrumento Dionex-DX500 (Sunnyvale, CA, EUA),
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coluna Carbopac PA1 (4 mm x 250 mm) e coluna guarda CarboPac PA1 (4 mm x 50 mm), com
gradiente linear de elui¢do com fase movel A (NaOH 50 mM), fase movel B (NaOAc 500 mM;
NaOH 50 mM) e fase movel C (H20). A concentracdo de cada monossacarideo foi calculada a
partir de curvas de calibracdo utilizando padrdes adquiridos da Sigma-Aldrich. As analises
foram realizadas em triplicata e os resultados expressos em porcentagem de monossacarideos

nas amostras (p/p).

3.3.2 Tamanho de particula

O tamanho de particula foi avaliado usando um analisador de tamanho de particula de
difracdo de laser equipado com uma unidade de controle de sonicacdo (Beckman Coulter,
modelo LS 13 230, Califérnia, EUA). As amostras foram adicionadas ao equipamento até que
uma obscuridade ideal fosse alcancada no software. Posteriormente, os pds foram dispersos em
meio aquoso e submetidos a um tratamento com ultra-som por 1 min dentro do equipamento

antes da analise.

3.3.3 Propriedades funcionais e tecnoldgicas

A capacidade de retencdo de 4gua (WHC) (FEMENIA et al., 1997) e a capacidade de
retencdo de 6leo (OHC) foram avaliadas pela exposicdo da amostra ao 6leo de soja (densidade
de 0,976 g mL™Y) ou 4gua destilada por 24 h. Posteriormente, as amostras foram centrifugadas
(2.000 x g, 15 min) e o sobrenadante (4gua ou Oleo) foi descartado. As amostras foram
processadas em triplicata e os resultados foram expressos como a quantidade de dgua ou 6leo
retidos (g g da amostra). A solubilidade foi avaliada por exposicéo da amostra (0,3 g) a agua
destilada, seguido por 1 h de agitacdo (CHAU et al., 2007). Posteriormente, as amostras foram
centrifugadas para separar fragdes sélidas e liquidas. O sobrenadante foi coletado em um frasco
previamente pesado que foi entdo liofilizado e pesado novamente. Os resultados foram
expressos como a percentagem de amostra soltvel em agua.

A densidade aparente foi medida seguindo a metodologia de Chau et al. (2007). As
amostras em p6 foram adicionadas em uma proveta de 10 mL previamente pesada. A proveta
com amostra foi batida suavemente varias vezes para acomodacao da amostra e diminui¢do do
espaco intersticial, até que ndo fosse mais verificada diminuicdo do volume da amostra. Ent&o,
a proveta foi pesada novamente. A analise foi feita em triplicata e os resultados foram expressos

como g de amostra a cada mL preenchido no frasco.
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A capacidade de ligacdo de cétions (CEC) foi avaliada pela metodologia de McBurney
(1983). As amostras foram incubadas em uma solucdo de CuSO4 1 M por 1 h. Em seguida, a
solucéo foi filtrada e o liquido filtrado foi descartado. Apos, a amostra foi lavada trés vezes
com solucdo de HCI: propanol. A fracdo liquida resultante foi coletada em um baldo
volumeétrico de 100 mL e o volume foi completado com a mesma solu¢do. Uma aliquota de 5
mL desta solug&o foi retirada, o pH foi ajustado com uma solu¢édo de NH4OH a 2 M e o liquido
foi transferido para um baldo volumétrico de 50 mL. A solugdo de Cuprizon foi adicionada e o
volume foi completado com &gua destilada. Apds 30 min, a absorbancia foi verificada a 590
nm. O teor de cobre foi quantificado usando uma curva de calibracéo de 5 pontos de Cu(NO3)..
A analise foi realizada em triplicata e os resultados foram expressos em mg de Cu ligados por

g de matéria seca.

3.3.4 Espectroscopia no infravermelho com transformada de Fourier (FTIR) microscopia

eletronica de varredura (SEM)

A analise por espectroscopia no infravermelho foi realizada usando um Perkin Elmer
(modelo Spectrum Two) com refletdncia atenuada universal (UATR) com um cristal de
diamante, disponivel no Laboratério de Estudos Avancados de Materiais, localizado na
Universidade Feevale. A andlise foi feita considerando uma faixa espectral de 4000 a 400 cm”
1. A resolucéo foi de 32 cm™ e quatro varreduras foram realizadas para coletar cada espectro.
As amostras ndo foram tratadas antes da analise.

Para analise de microscopia eletronica de varredura (SEM), um equipamento JEOL
(modelo 6510LV) foi utilizado para verificar o efeito da micronizacdo na morfologia dos
granulos. As amostras foram tratadas com uma camada de ouro e as micrografias foram obtidas
usando um feixe de elétrons de 10 kV. Um estereomicroscopio Karl Zeiss (modelo Stemi 508)

acoplado ao software Zen 2 Blue Edition foi utilizado para avaliar a morfologia dos granulos.

3.4 ETAPA 3 - BIOACESSIBILIDADE DOS COMPOSTOS FENOLICOS DO BAGACO DE
OLIVA (F1, F2, F1IAG E F2AG)

3.4.1 Método de digestdo estatica in vitro

A digestdo gastrointestinal estatica simulada in vitro foi realizada conforme descrito por

Minekus et al. (2014). O experimento sequencialmente simula todas as fases da digestéo,



47

comegcando pela fase oral, seguida pelas fases gastrica e intestinal. Apds a digestdo intestinal,
as amostras foram centrifugadas para separar a fracdo absorvivel (AF), que compreende a fracao
solivel disponivel para absorcdo (bioacessivel) e a fracdo ndo absorvivel (NAF), que
compreende a fragdo insollvel, a qual ndo estara disponivel para absorcédo e chegaré intacta ao
intestino grosso. Trés séries independentes foram realizadas para cada amostra.

Para a digestdo salivar (S), amostras de 59 (F1, F2, FLAG e F2AG) foram incubadas em
3,5 mL de uma solucdo salivar simulada (pH = 7), contendo 75 U/ mL de a-amilase (Sigma
Aldrich, Brasil) e agitadas a 37°C por 2 min. Posteriormente, o pH do contetdo digerido foi
ajustado para aproximadamente 3 (usando HCI 1 M) e a fase gastrica (G) foi simulada pela
adicdo de 7,5 mL de fluido géastrico simulado e pepsina (2500 U / mL) para um volume final de
20 mL, seguido de incubacéo a 37 °C sob agitacdo por 2 h. Apos, para simular a etapa intestinal,
0 pH da mistura foi ajustado para pH 7, usando NaOH 1M, seguido pela adi¢do de 11 mL de
fluido intestinal simulado, 800 U / mL de solucdo de pancreatina e solucéo de sais biliares. O
meio de incubacdo foi ajustado para 50 mL e as amostras incubadas a 37 °C por 2 h.
Posteriormente, as amostras foram centrifugadas (1700 x g, 10 min) para separar as fracdes de
sobrenadante (AF) e residuo sélido (NAF). As amostras foram armazenadas em nitrogénio

liquido antes da analise de compostos fendlicos e capacidade antioxidante.

3.4.2 Anadlise de UHPLC-MS dos compostos fendlicos e outros relacionados

Os compostos fendlicos e outros compostos relacionados foram extraidos das fracGes
do bagaco de oliva ndo digeridas e de amostras de todas as fases de digestéo, utilizando uma
solucdo de metanol:agua (75:25 v / v), como descrito por Lozano-Sanchez et al. (2011). As
amostras foram filtradas em filtros de PTFE (0,22 um) antes da injecdo no sistema de
cromatografia liquida de ultra eficiéncia (UHPLC).

Os compostos fenolicos foram quantificados usando um Espectrdmetro de Massas
Shimadzu UHPLC triplo-quadrupolo (LCMS-8045; Japao). O UHPLC foi equipado com uma
bomba binaria, desgaseificador, médulo de comunicacdo, forno para coluna e um injetor
automatico. As amostras foram injetadas (10 pL) em uma coluna de fase reversa Shim-pack C-
18 XR-ODS (2,2 um; 30 x 2 mm) a 25 °C. As fases moveis foram agua acidificada com 0,25%
de acido acético (fase mdvel A) e metanol (fase movel B) e o fluxo foi mantido a 0,2 mL / min.
O gradiene de eluicdo foi ajustado como se segue: 5% de B de 0 a1 min; 35% deBde1a?2
min; 60% de B de 2 a 4 min; 95% de B de 4 a 5 min; 60% de B de 5 a 6 min; 20% de B para 6

a 6,5min; e 5% de B de 6,5 a 7 min. O espectrometro de massas triplo-quadrupolo foi utilizado
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para quantificar os compostos fendlicos no modo de espectro MRM. O equipamento foi operado
com uma Fonte de lonizacdo por Eletropulverizacdo (ESI), com as seguintes condices:
temperatura de interface de 300 °C, vazdo de gas de aquecimento de 10 L/ min, vazao de gas
de nebulizacdo de 3 L/ min, vazdo de gas de 10 L/ min tensdo de interface de 3000 V.

As curvas de calibracdo foram construidas utilizando padrbes comerciais de
hidroxitirosol, oleuropeina, luteolina, apigenina e acido cafeico (Sigma Aldrich, Brasil). Estes
compostos foram quantificados nas amostras e os resultados foram expressos em mg de
composto fendlico por 5 g de amostra. Os secoiridoides, tais como 3,4-DHPEA-EDA
(descarboximetil oleropeina aglicona) foram quantificados como equivalentes de oleuropeina.

3.4.3 indices de bioacessibilidade, recuperacéo e indice de digesta intestinal residual

A bioacessibilidade foi obtida como a quantidade de compostos fendlicos nas amostras
de fracdo absorvivel (AF) em relacdo a quantidade de compostos fenolicos encontrados nas

amostras ndo digeridas (U) multiplicadas por 100, de acordo com a seguinte formula:

Polifenois da fracao absorvivel

100
Polifenois da fracao nao digerida (U) X

Bioaccessibilidade =

O indice de recuperacdo foi obtido como a porcentagem de compostos fendlicos
encontrados no conteudo total digerido (fragcBes absorviveis (AF) + ndo absorviveis (NAF)) em

relacdo as amostras ndo digeridas, de acordo com a formula:

fndice d A (AF + NAF) 100
ndice de recuperagao = Polifenois da fracao nao digerida X

O indice de digesta intestinal residual (RID) representa a quantidade de compostos
fendlicos que ndo estardo disponiveis para absorcao e atingirdo o intestino grosso. O RID foi
calculado como a percentagem de compostos fendlicos na fragdo ndo absorvivel (NAF) em

relacdo as amostras nao digeridas (U):

p NAF
Indice de digesta intestinal residual = 100
naice de digesta Intestinal resiQual = 4 lifenois da fracdo nao digerida x
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3.4.3 Andlise da capacidade antioxidante

A capacidade de absorcédo de radicais de oxigénio (ORAC) foi determinada conforme
descrito por Ou et al. (2001). Este método mede a capacidade de eliminacao de radicais peroxil
dos extratos antioxidantes avaliados como sua capacidade de inibir a perda de fluorescéncia da
fluoresceina causada pelo AAPH (dicloridrato de 2,2'-azobis (2-amidinopropano)). Os

resultados foram expressos como mmol equivalentes de trolox por 5 g de amostra.
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Abstract

This study was aimed to evaluate the effect of micronization of granulometrically
fractioned olive pomace (OP) on the content of extractable polyphenols (EPP), non-extractable
polyphenols (NEPP) and its antioxidant capacity. Crude OP was separated in 2-mm sieve,
resulting in two fractions: F1 (> 2 mm) and F2 (< 2 mm). F2 had higher content of ash, fat,
soluble dietary fiber, EPP, hydrolysable tannins (HT) and condensed tannins (CT) than F1. F1
and F2 fractions were defatted and submitted to a micronization process using a factorial design
22 (variables: rotational speed and milling time) with EPP as response. The optimal micronizing
conditions, 500 rpm/24.8 min for the F1 and 500 rpm/16 min for the F2, reduced particle size
to ~30 um. Micronization increased the content of EPP and HT in F1 and F2. Granulometric
fractionation and micronization were effective to increase EPP content and antioxidant capacity
of OP.

Keywords: agroindustrial waste; extractable polyphenols; non-extractable polyphenols;

superfine grinding.



54

1 Introduction

Olive oil industry generates large amounts of olive pomace (OP) that contains high
moisture content, pulp and stone fragments (Dermeche et al., 2013). OP disposal raises
environmental concern as it has high biochemical oxygen demand (Rosell6-Soto et al., 2015).
Many studies have been conducted to reduce the environmental impact by finding an
applicability for OP, including its use as an ingredient for functional foods intended for human
and livestock nutrition (Conterno et al., 2019; Nasopoulou et al., 2011).

OP is rich in bioactive compounds, especially polyphenols (PP) of the phenolic alcohol
group and dietary fiber (DF) (Dermeche et al., 2013). However, the major DF component in
OP is lignin that has low biological value for human or animal nutrition (Bunzel et al., 2011;
Souza et al., 2018). PP from vegetable sources can be divided into the extractable polyphenols
(EPP) and the non-extractable polyphenols (NEPP) (Gorii et al., 2009). EPP are recognized to
exert beneficial health effects by reducing the risk of cardiovascular disease, cancer and
neurodegenerative disorders (Vauzour et al., 2010). NEPP are not soluble in the aqueous and
organic solvents that are used for PP extraction and therefore are usually ignored in food
composition studies. However, NEPP are the major amount of PP in diet and there is growing
evidence that they are relevant dietary antioxidants that promote gastrointestinal health (Pérez-
Jiménez et al., 2013). These compounds are associated to dietary fiber and comprise
hydrolyzable tannins (HT) and condensed tannins (CT) (Arranz et al., 2009). NEPP, which are
not absorbed in the stomach or small intestine, will reach the colon where they are metabolized
by the gut microbiota (Gonzalez-Sarrias et al., 2017; Pérez-Jiménez et al., 2013). The
metabolites formed may have greater absorption rates than their parent compounds and may
exert local antioxidant activity promoting gastrointestinal health (Gonzélez-Sarrias et al., 2017;
Pérez-Jiménez et al., 2013). However, OP studies have focused only in the EPP fraction,
whereas the NEPP fraction has been neglected.

OP has been already investigated for agroindustrial application, use in animal feed,
production of bioactive compounds, bioenergy and biofuels (Dermeche et al., 2013;
Nasopoulou & Zabetakis, 2013). However, the disposal of OP remains a concern as many
strategies for OP usage generate additional wastes or they are not economically viable
(Guermazi et al., 2017; Pérez-Jiménez et al., 2015). Micronization or superfine grinding may
be an alternative for the modification of agroindustrial wastes such as OP, aiming the integral
usage of this residue. This is a particle size reduction method that can be considered eco-friendly

because it generates little or no residues (He et al., 2014). Micronization can be achieved by



55

planetary ball milling that reduces particle size by generating friction (Ramachandriah & Chin,
2016); the time and rotational speed being key factors for obtaining microparticles (Chau et al.,
2007). Micronization has been demonstrated to increase the extractability and antioxidant
properties of bioactive compounds in agricultural wastes and food matrix such as cereals, fruits,
vegetables and mushrooms (Liang et al., 2016; Ma et al., 2016; Wang et al., 2016; Drakos et
al., 2017) but have not been applied to OP.

Micronization has been shown to release compounds that are strongly bound to the food
matrix (Zhu et al., 2014a) therefore increasing the amount and antioxidant activity of EPP and
modifying the dietary fiber fraction (Liang et al., 2016; Ma et al., 2016; Zhu et al., 2014a).
However, the impact of micronization on the NEPP fraction has not been investigated. This
study was aimed to evaluate the effect of micronization of granulometric fractions of OP on the
content of EPP and NEPP and its antioxidant activity. Results will provide the basis for applying
micronization as a tool to generate a functional feedstock from OP residue.

2 Material and Methods

2.1 Materials

OP, cv. ‘Arbequina’, was obtained from a mill located in the city of Formigueiro, RS,
Brazil (29°59'01"S; 53°21'50"W). Olive oil was extracted by the biphasic centrifugation

method and the OP residue obtained was immediately stored at -18°C for further assays.

2.2 Granulometric fractionation of OP

Crude wet OP was separated in a 2-mm sieve. The fraction retained in the sieve
(particles > 2mm) was called Fraction 1 (F1). The fraction that passed through the sieve
(particles <2 mm) was centrifuged (1,774 x g/10 min) to remove excessive liquid content. Then,
the sediment was called Fraction 2 (F2). The liquid supernatant fraction will be explored in
another study. F1 and F2 fractions were freeze-dried (TERRONI, LS 3000 model, Brazil) and
ground in a conventional laboratory mill (Marconi®, Brazil). To increase the stability of
samples, F1 and F2 were defatted with n-hexane (Goulart et al., 2013). Organic solvent was
filtered and distilled to be reused. The n-hexane trapped in F1 and F2 samples was evaporated

at room temperature to avoid thermal degradation of compounds.
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2.3 Obtaining the micronized fractions of OP

To obtain the micronized fractions of olive pomace, the defatted F1 and F2 fractions
were pulverized in a high impact planetary ball mill (Retsch Co., Germany, PM100 model)
using a stainless steel container (250 mL) with six stainless steel balls (30 mm diameter each).
The amount of sample for each milling run (15 g) was based on the manufacturer’s
recommendation and on pilot tests.

A factorial design 22 was set up to choose the best grinding conditions to enhance the
EPP content for F1 and F2. A central composite design was used to estimate the best milling
condition for improving the extraction of EPP. The response of EPP was assessed by method
of Folin-Ciocalteu reagent (Waterhouse, 2003). The variables studied in the experimental
design for micronization were rotational speed (300, 400 and 500 rpm) and milling time (5, 15
and 25 min). The central point of design was run in triplicate yielding the total of 11 experiments
for each fraction. The best micronizing condition for increasing EPP value was established for
F1 and F2 and used to obtain two new samples: F1 after grinding (FLAG) and F2 after grinding
(F2AG). Thus, the physicochemical characterization of this study was conducted in four
samples: F1, F2, F1AG and F2AG.

2.4 Particle size analysis and scanning electron microscopy (SEM)

Particle size was measured with a laser diffraction particle size analyzer equipped with
a sonication control unit (Beckman Coulter, LS 13 230 model, California, USA). Samples were
added until reaching the optimal point of obscuration and thereafter, sample particles were
dispersed by an ultrasound treatment. The procedure was performed in triplicate.

Scanning electron microscopy (SEM) was performed in a JEOL equipment (model
6510LV). Samples were metallized with a thin layer of gold and the micrography was obtained
through electron beam of 10 kV. The morphology of samples was evaluated in a

stereomicroscope (Karl Zeiss, Stemi 508 model) coupled to Zen 2 Blue Edition software.

2.5 Extractable (EPP) and non-extractable (NEPP) polyphenol analysis

To obtain the EPP extract, samples were shaken for 1 h with a methanol:water solution
(50:50, v/v; pH 2) and then shaken for 1 h with acetone:water solution (70:30, v/v). The
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methanolic and acetonic supernatants were combined to yield the EPP extract (Rufino et al.,
2011). The yield of EPP extract was 40 mL per g of sample.

To obtain the HT extract the residue of EPP extraction was incubated at 85°C with
methanol and sulfuric acid for 20 h. The mixture was centrifuged (1,774 x g, 10 min), the solid
residue was washed two times with water and all supernatants were combined to yield the HT
extract (Pérez-Jiménez et al., 2008a). CT were released from the matrix by incubating the
residue of the EPP extraction with n-butanol:HCI (95:5, v/v) containing FeCls, at 100°C for 1
h. After incubation, the mixture was centrifuged (1,774 x g, 10 min) to yield the CT extract
(Zurita et al., 2012).

The content of polyphenols in the EPP and HT extracts were measured using Folin-
Ciocalteu reagent (Waterhouse, 2003) and a calibration curve of gallic acid.

The absorbance of CT extracts were measured at 450 and 555 nm and a calibration curve
obtained by carob-pod (y = 0.0096x — 0.0005) was used to determine the content of CT (Zurita
etal., 2012).

2.6 Phenolic profile analysis

Samples F1, F2, FIAG and F2AG (see sections 2.2 and 2.3) were extracted with
aqueous methanol solution (75:25 v/v) as described by Lozano-Sanchez et al. (2011) to obtain
the extract for phenolic compound analysis. The extraction yield was 4 mL/g of sample. The
extracts were filtered (0.22 pum, PTFE) before high performance liquid chromatography
(HPLC) analysis.

Phenolic compounds were quantified in a HPLC system (Shimadzu, Japan) equipped
with quaternary pump, degasser, communication module and oven column. The system was
coupled to a reverse phase column Phenomenex Kinetex 5 p EVO C18 100A (5 um; 4.6 x 250
mm). The mobile phase was a gradient method with water (0.25% acetic acid, v/v) (mobile
phase A) and methanol (mobile phase B). The gradient elution was set as follows: 5% B from
0 to 7 min; 35% B from 7 to 12 min; 45% B from 12 to 17 min; 50% from 17 to 22 min; 60%
B from 22 to 25 min; 95% B from 25 to 27 min; and 5% B from 27 to 37 min. The flow rate of
solvents was 0.6 mL/min and the running time was 37 min at 25°C. A fluorescence detector
was used to detect hydroxytyrosol, oleuropein and pinoresinol (excitation at 280 nm, emission
at 339 nm). Photodiode array detector was used to detect luteolin and apigenin at 340 nm. The
method used for the quantification of polyphenols was validated following the International

Conference on Harmozation Guidelines (ICH, 2005) and data are shown in Table 1. Seven-
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point standard curves were constructed for hydroxytyrosol, oleuropein, luteolin, apigenin and

pinoresinol (Sigma-Aldrich, 99% purity).
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Table 1. Validation data for the method of analysis and accuracy test of phenolic compounds by HPLC analysis in olive pomace fractions.

Phenolic A RT Linear Regression R? LOD LOQ Repeatibility Intermediate
compound (nm) (min) range equation (mg (mgL? (intra-day inter-day
(n=3) (mg L% LY precision) CV precision CV

(%) (%)

Hydroxytirosol * 1212 2-14 y=2e-07x+0.45 0.993 0.2 0.5 3.23 3.79

Pinoresinol * 24.71 0.2-3.8 y=8e-08x+0.01 0.997 0.9 1.9 2.19 3.42

Luteolin 340 2957 3-27 y=7e-06x+0.61 0.991 11 22 4.16 4.97

Oleuropein * 2293 0.7-4.9 y=1e-06x-0.01 0.992 0.7 1.4 2.63 3.70

Apigenin 340 3141 2-14 y=5e-06x+0.23 0.998 5.8 11.6 3.49 4.05

Accuracy

Phenolic Average recovery low Average recovery medium level Average recovery high level (%)****

compounds level (%)** (Y%)***

Luteolin 89.1 104.4 112.8

Apigenin 102.1 97.6 92.9

*Compounds monitored by fluorescence detector (excitation at 280 nm and emission at 339 nm). ** The low level was fortified with 80% of the polyphenols present in the
sample; *** The medium level was fortified with 100% of the polyphenols present in the sample; **** The high level was fortified with 120% of the polyphenols present in
the sample.2.7 Antioxidant capacity analysis
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The antioxidant capacity was evaluated in the EPP extracts using the DPPH, ABTS and
ORAC assays. The scavenging of DPPH radical (2,2-difenil-1-picrilidrazil) was monitored as
previously described (Brand-Williams et al.,1995) with trolox as standard for the calibration
curve. Results were expressed as the concentration of sample (ug of dry matter mL™) required
to decrease by 50% (ECso) the DPPH absorption.

The ABTS method is based in the removal of the ABTS* radical (2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid), which is generated by the oxidation of ABTS using a
persulfate solution. Results were expressed as the ECso for ABTS removal (Re et al., 1999).

ORAC measures the peroxyl radical scavenging capacity of antioxidant extracts as their
capacity to inhibit the loss of probe fluorescence caused by AAPH (2,2’-azobis (2-
amidinopropane) dihydrochloride), the azo-radical initiator (Ou et al., 2001). Results were

expressed in pmol equivalents of Trolox per g of sample in dry matter basis (umol TE g dm).

2.8 Proximate composition of OP fractions

Samples were evaluated to determine ash, crude protein (N x 6.25) and total (TDF),
insoluble (IDF) and soluble (SDF) dietary fiber content by AOAC (1995) methods. Fat was
evaluated by the methodology of Bligh and Dyer (1959). Cellulose, hemicellulose and lignin
were evaluated by the method of Goering and Van Soest (1970).

2.9 Statistical analysis

For validation of experimental design, data were submitted to analysis of variance
(ANOVA) at 95% confidence level. The optimal milling condition (EPP response) was
determined as previously described (Derringer & Suich, 1980). After obtaining the best milling
condition, the new condition was tested in triplicate. Data obtained by experimental design were
treated using the Design Expert 6.0.10 software.

Data on the physicochemical composition, polyphenols content and antioxidant
capacity of samples (F1, F2, FLAG and F2AG) were analyzed by two-way ANOVA (p <0.05).
Post-hoc comparison of means was made using the Tukey’s test. Data obtained for F1, F2,

F1AG and F2AG were from 4 independent replicates of each type of sample.

3 Results and discussion
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3.1 Experimental design for micronization

The responses of EPP content observed in the central composite design experiment are
shown in Table 2. The content of EPP of F1 after grinding reached the highest value in
experiments number 4 and 9 (1.70 and 1.68 g GAE 100 g* of dm, respectively), where samples
were micronized at 500 rpm for 25 min and at 541.4 rpm for 15 min, respectively.

Table 2. Experimental design for optimization of micronizing conditions with variables tested
and obtained response (extractable polyphenols content, EPP).

Variables Response

Rotational ~speed Milling time Epp (g GAE 100 g dm)®

(rpm) (min) —

(1) (2)? After Grinding

F1 F2

1 -1 -1 1.32+£0.02 1.90+0.04
2 1 -1 1.60+0.03 2.05+0.05
3 -1 1 141+£0.02 2.09+0.00
4 1 1 1.70+£0.02 2.26+0.01
5 0 0 156+£0.00 228+0.10
6 0 0 150+0.00 2.23+0.03
7 0 0 152+0.01 203+0.01
8 -1.414 0 143+0.10 2.07+0.20
9 1.414 0 1.68+£0.01 251+0.00
10 0 -1.414 1.33+0.01 2.04+0.09
11 0 1.414 158+0.01 1.84+0.08

aCodified values: y1 = ([rpm] — 400)/100; y.= ([time] — 15)/10; PResponses are mean + standard
deviation, in duplicate. GAE: equivalents of gallic acid; dm: dry matter; F1: Fraction 1 (particles > 2
mm) after superfine grinding; F2: Fraction 2 (particles < 2 mm) after superfine grinding.

For F2 after grinding, the highest values of EPP were found in experiments number 9
and 5 (2.51 and 2.28 g GAE 100 g of dm, respectively), where samples were micronized at
541.4 rpm for 15 min and at 400 rpm for 15 min, respectively. A quadratic regression model
was selected for both samples (Table 3). The analysis of variance (95% of confidence) was
significant but the model presented lack of fit for FLAG and F2AG (Table 3). Similar rotational
speed (400 rpm) has been shown to be effective for increasing EPP content of mushroom (Wang
et al., 2016) and celery stalk dried at 100°C (Ramachandraiah & Chin, 2017) but the
micronizing times used in these studies were much higher (1 to 24 h).

Table 3. ANOVA results of EPP response (g GAE 100 g* of dm) for F1 and F2 after grinding
(micronization).
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Significative coefficients + standard error Regression Model
significanc fit

Sample Indicated e (p<0.05)(p >

model - 0.05)
Intercept A B (time) B2
(rotation
al speed)
FIAG Quadratic 14879 + 1124 63.5 + -340 + <0.0001 0.017
18.8 +11.5 11.5 13.7
F2AG Quadratic 2052.1 + 110.3 + - -121.6 £ 0.0038 0.020
51.5 31.6 37.6

F1AG: Fraction 1 (particles > 2 mm) after superfine grinding; F2AG: Fraction 2 (particles < 2 mm) after superfine
grinding; GAE:gallic acid equivalent.

As the models presented lack of fit, the Derringer and Suich test was used to estimate
the best milling condition (rotational speed and time) to maximize EPP extraction from the
equations obtained for the quadratic regressions. The best condition for micronization of F1
was rotation at 500 rpm for 24.8 min, whereas for F2 the best micronizing condition was
rotation at 500 rpm for 16 min (Table 4). To validate the best conditions for superfine grinding,
the observed content of EPP was compared to the predicted value (Table 4). For F1AG, the
predicted content of polyphenols was 1.65 g GAE 100 g™* and did not differ from the observed
response (1.69 g GAE 100 g1). Similar results were obtained for the F2AG, as the predicted
content of polyphenols after micronization was 2.12 g GAE 100 g™ and did not differ from the
observed response (2.57 g GAE 100 g%). The micronized fractions obtained using these optimal
conditions for increasing the content of EPP were chosen for further characterization of their

polyphenol profile, morphological and antioxidant properties.

Table 4. Predicted and experimental values for EPP (g GAE 100 g* of dry matter) observed
after micronization

Variables and Desirability criteria for Predicted values Predict Observed
response variable and responses (decodified) ed responses
respons (mean *
es SD, n=3)
Goal Lower Upper
Limit  Limit
F1AG
Rotational Speed Isinrange -1 1 1 (500)
(rpm)
Time (min) Isinrange -1 1 0.98 (24.8 min)
Response

Table 4 (continued)
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EPP (g GAE 100 Is 1.28 167 - 1.65 1.69+0.12
gl dm) maximu
m
F2AG
Rotational Speed Isinrange -1 1 1 (500)
(rpm)
Time (min) Isinrange -1 1 0.08 (15.8~16 min)
Response
EPP ( g GAE 100 Is 168 236 - 2.21 2.57+£0.18
gl dm) maximu
m

F1AG: Fraction 1 (particles > 2 mm) after superfine grinding (500 rpm/24.8 min); F2AG: Fraction 2 particles <
2 mm) after superfine grinding (500 rpm/16 min). EPP: extractable polyphenols; GAE: equivalents of gallic acid.
Observed responses are mean + standard deviation (n= 3).

3.2 Particle size analysis and scanning electronic microscopy (SEM)

The particle size distributions of OP fractions granulometrically separated and then
submitted to micronization at the optimized conditions are shown in Figure 1. Granulometric
fractionation resulted in two fractions that had different particle size distribution (Figure 1A).
The average particle size of F1 (317.2 = 15.2 um) was higher than F2 (265.0 + 8.0 um).
Micronization (Figure 1B) was effective to reduce the particle size of granulometric fractions
of OP. The average particle size of F1 fraction was reduced by ~10 times after micronization
(31.1 £ 0.6 um). Micronization was also effective to reduce the particle size of the OP fraction
that had initial particle size lower than 2 mm (F2), which had its average particle size decreased
by ~9 times (30.2 £ 0.2 um). Thus, micronization reduced the average size of OP fractions and
standardized the particle size to the nearest bands as no difference was observed in the particle
size between F1AG (size ranged from 0.375 to 309.6 pum) and F2AG (size ranged from 0.07 to
309.6 pm).

[ r
B W

: b2 i
— n 2 W a

F2

Volume (%)
Volume (%)
9

0 200 400 600 800 1000 1200 1400 1600 1800 0 100 200 300 400 500
Particle size (um) Particle size (um)




64

Figure 1. Effect of micronization on the particle size reduction of granulometrical fractions of

olive pomace.
A: Fraction 1 (particles > 2 mm) and Fraction 2 (particles < 2 mm) before superfine grinding. B Fraction 1 and

Fraction 2 after superfine grinding. Results were obtained in triplicate.

The particle size of DF extracted from carrot was reduced to the range of 10-302 um by
16 h of micronization (Ma et al., 2016). Celery stalk (Apium graveolens) micronized during 24
h had particle size in the low pum range (Ramachandraiah & Chin, 2017), close to those that we
obtained for OP fractions. In our study, we have chosen to explore short milling times to avoid
thermal degradation of polyphenols due to heating during prolonged friction in the ball milling.
Moreover, reduced grinding times save energy and reduce production costs. F1 required longer
milling time than F2 to achieve optimal polyphenol increase (Table 4). This probably occurred
because F1 was mostly composed by olive stones that are firmer than particles found in the F2
fraction. Anyway, we succeeded to reduce the particle size of both OP fractions to the low
micrometer range using very short milling times compared to the previous studies in other
matrices, such as water caltrop pericarp and persimmon by-products, that used milling times
ranging from 5 to 24 h (Ramachandriah & Chin, 2016; Wang et al., 2009).

Granulometric fractionation was effective to yield two products with distinctive
morphologies, namely F1 and F2 (Figure 2, A and B). Micronization modified the
morphological structure of F1 granules (Figure 2C). The superfine grinding was important to
standardize the particle size and morphological appearance of F1. F2 had higher uniformity of
granules than F1. The strong mechanical force in grinding process may contribute to
microstructures in the food matrix (Zhao et al., 2018). F1 was submitted to higher mechanical

strength due to longer milling time and lower uniformity in the initial sample.
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Figure 2. SEM images of granulometric and micronized fractions of olive pomace.
A: Fraction 1 (particles > 2 mm) before superfine grinding; B: Fraction 2 (particles < 2 mm) before superfine
grinding; C: Fraction 1 after superfine grinding; D: Fraction 2 after superfine grinding.

3.3 Polyphenols

EPP from OP have high antioxidant potential and have been shown to inhibit lipid
peroxidation and modulate the response of endothelial and hepatic cells to oxidative stress
(Aliakbarian et al., 2012; Vergani et al., 2016). However, most studies consider only the EPP
as antioxidant compounds and ignore the NEPP fraction (Pérez-Jiménez & Torres, 2011). NEPP
are the major dietary source of polyphenols and have been shown to improve the antioxidant
status in the colon promoting intestinal health (Pérez-Jiménez et al., 2013).

F2 that is composed by OP particles < 2 mm had higher EPP, HT and CT content than
F1 that is composed by OP particles > 2 mm (p<0.05; Table 4). Both F1 and F2 fractions had
greater amount of NEPP (CT and HT) than EPP. While F2 had similar amounts of HT and CT,
the F1 fraction was mostly composed by HT. Granulometric fractionation promoted an increase
in the content of EPP in the F2 fraction compared to the F1 fraction (p<0.05; Table 5).
Micronization also promoted an increase in the EPP extraction (p<0.05; Table 5). However,
there was no interaction between granulometric fractionation and micronization. The EPP

content found for all OP fractions was higher than values reported for fruits known as
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antioxidant sources, such as acai pulp and apple (Pérez-Jiménez & Saura-Calixto, 2015; Rufino
et al., 2011). The EPP content of F2AG was similar to Hibiscus sabdariffa L. flower (Sayago-
Ayerdi et al., 2007). This effect is related to superfine grinding that modifies the structure of
sample, mainly the DF, and release or expose the polyphenols linked to the fiber matrix (Zhu
et al.,, 2014a). Thus, superfine grinding can contribute to produce EPP, increasing the
bioaccessibility of these compounds (Rosa et al., 2013). IDF extracted from wheat bran and
buckwheat hulls also exhibited increased EPP content after micronization (Zhu et al., 2010;
Zhu et al., 2014b).
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Table 5. Effect of granulometric fractionation and micronization on the extractable polyphenols (EPP), hydrolysable tannins (HT) and condensed
tannins (CT) and phenolic profile in OP fractions.

Micronization

Granulometric Before After grinding Mean £ SEM
fractionation grinding

EPP (g GAE 100g*dm) F1 1.3+0.0 1.7+£0.0 15+0.1°
F2 22+0.1 2.4+0.2 2.3+0.1°
Mean + SEM (n=8) 1.7 +0.28 20+0.24

HT (g GAE 100 g dm) F1 4.7 +0.0°B 6.4 +0.1°4 55+0.3
F2 6.2 +0.2%B 6.9 + 0.0%A 6.6+0.2
Mean + SEM (n=8) 5.4+0.3 6.7+0.1

CT (g CT 100g%) F1 2.8 +0.0°4A 3.2+0.0°A 3.0+£01
F2 6.9 +0.284 6.3+0.128 6.6+0.2
Mean + SEM (n=8) 4.9+0.8 4.8+0.6
Phenolic Profile

Hydroxytyrosol (mg kg? F1 2125+ 028 297.9+16.7%A 2552 +20.5

dm)
F2 367.4 +19.7%" 118.2 +4.7°8B 242.8 +56.5
Mean + SEM (n=6) 290.0 + 35.8 208.1 +40.9

Pinoresinol (mg kgtdm) F1 36.5 +1.284 9.9+ 0.6 23.2+6.0
F2 27.1+0.8°A 18.7 + 0.5%B 229+19
Mean + SEM (n=6) 31.8+2.2 143+20

Luteolin (mg kg™* dm) F1 37.2+0.2°4  250+05%8 31.1+27
F2 63.7 £ 2.0*A 23.7 £ 0.8 43.7+9.0
Mean + SEM (n=8) 50.4 £6.0 244+ 0.5
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Table 5 (continued)

Micronization

Granulometric Before After grinding Mean £ SEM
fractionation grinding
F1 nd Nd
Oleuropein (mg kg™ dm)
F2 nd nd
Mean + SEM (n=8)
Apigenin (mg kg dm) F1 nd Nd
F2 nd Nd
Mean + SEM (n=8)
Effects ANOVA results (p-value)
Granulometric fractionation Micronization Granulometric fractionation X
Micronization
EPP 0.000 0.000 0.193
HT 0.000 0.000 0.000
CT 0.000 0.312 0.000
Hydroxytyrosol 0.372 0.000 0.000
Pinoresinol 0.727 0.000 0.000
Luteolin 0.000 0.000 0.000

Lower case indicate differences between granulometric frations and upper case letters indicate differences in the micronization process. F1: Fraction 1 (particles > 2 mm); F2:
Fraction 2 (particles < 2 mm). EPP: extractable polyphenols; GAE: equivalents of gallic acid; HT: hydrolyzable tannins; CT: condensed tannins; Results are mean + standard
error of mean (n=4). LD: limit of detection; LQ: limit of quantification; nd: not detected.
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HT and CT represent NEPP that are bound to the fiber fraction and are not solubilized
during the conventional extraction procedures. Although the acid treatment used to obtain HT
and CT extracts for polyphenol analysis promotes the depolymerization of these compounds, it
allows the quantification of the whole amount of polyphenol monomers that could be released
upon fermentation during human digestion. Molina et al. (2019) have recently demonstrated
that tannins may be transformed by gut microbiota and concluded that these compounds are
metabolized in the intestine and are important substrates for microbial fermentation and
production of short-chain fatty acids (SCFA). Therefore, SCFA, which have been largely
implicated in the beneficial health effects of soluble fiber, are emerging as metabolites of
tannins and may contribute to their health benefits. For this reason, the analysis of HT extract
would provide data on the total amount of polyphenols available for microbiol fermentation in
the gut.

There was a significant interaction of granulometric fractionation and micronization on
the HT content of OP (p < 0.05). Micronization increased the content of HT in F1 (p<0.05) but
not in F2 (p>0.05) compared to their parent fractions before grinding (Table 5). The increase
of these compounds was likely due to the size reduction of F1 particles that were larger than F2
particles before grinding (Figure 1). F1 was mainly composed by stone fragments, which are
difficult to break during conventional grinding. Micronization was effective to degrade cell wall
structure reducing the particle size of F1. Drakos et al. (2017) studied the micronization of rye
and barley flours and reported differences in the behavior during milling depending on the
botanical origin of the flour, ie the composition of raw material.

Granulometric fractionation yielded two products that had different CT contents, F2
exhibiting higher CT values than F1 (p < 0.05; Table 5). The different composition of these two
fractions is likely related to greater amount of olive pulp in the F2 fraction. Micronization
caused a small reduction in the CT content of F2 (p < 0.05) but did not change the CT content
of F1 (p > 0.05) (Table 5).

Granulometric separation is a simple and effective method to greatly increase the
content of polyphenols (EPP, HT and CT) in the fraction that had particle size <2 mm, whereas
micronization of the granulometrically separated fractions provides further increase in the
content of polyphenols. This increase was greater for the F1 fraction but F2 had the highest
polyphenols content both before and after micronization, and therefore could be indicated as
the richest in bioactive compounds.

3.4 Phenolic profile of OP fractions
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Oleuropein and apigenin were not detected in the samples (Table 5). There was a
significant interaction effect between granulometric fractionation and micronization on the
content to hydroxytyrosol, pinoresinol and luteolin (p<0.05). F2 had higher content of
hydroxytyrosol and luteolin than F1 (p <0.05). Micronization increased the content of
hydroxytyrosol in F1 but reduced the content of pinoresinol and luteolin (p <0.05).
Hydroxytyrosol was the major soluble phenolic compound found in F1 and F2 fractions.
Hydroxytyrosol have important biological effects such as cardioprotective, neuroprotective,
anticarcinogenic and antibacterial activities (Hu et al., 2014). Granulometric fractionation
concentrated hydroxytyrosol in the F2 fraction and therefore is an important and clean method
to obtain a product enriched in health promoting compounds. Micronization was also an
interesting strategy to increase the extractability of hydroxytyrosol from the F1 fraction but not

for the F2 fraction.

3.5 Antioxidant capacity

In our study, the antioxidant capacity was evaluated for the EPP extract of OP fractions
(Figure 3). DPPH' is a stable synthetic radical with an unpaired electron in a nitrogen interaction
(Eklund et al., 2005). Granulometric fractionation promoted an increase in the capacity of F2
to remove the DPPH radical (lower ECso value) compared to F1 (Figure 3A, p < 0.05) and this
result is related to the increase in the EPP content. Micronization was effective to reduce the
ECso of EPP extracts from F1 and F2 fraction (p < 0.05; Figure 3A), indicating an improved
antioxidant capacity, which is in line with the increase in the EPP content (Table 5). Thus, the
reduction of particle size favors the extraction of EPP and increases the antioxidant activity of
OP. Micronization has also been shown to improve the extraction of polyphenols and DPPH
radical scavenging in green tea, mushroom and isolated compounds such as trans-resveratrol
(Hu et al., 2012; Wang et al., 2016; Aguiar et al., 2018).

F2 fraction had lower ECso value for ABTS removal than F1 (p < 0.05; Figure 3B),
indicating greater antioxidant capacity. Micronization further reduced the ECso of EPP extracts
from F1 and F2 fractions (p < 0.05; Figure 3B). These data are in line with the greater
polyphenol content of F2 compared to F1 and the increase of polyphenol content triggered by
micronization. Micronization has been shown to increase the ABTS radical scavenging activity
of DF from grape pomace (Zhu et al., 2014a) by modifying the fiber structure and releasing or

exposing matrix-bound polyphenols. Then, we can infer that the granulometric separation of
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OP followed by a superfine grinding can positively affect the antioxidant capacity by the
method of ABTS.

Granulometric fractionation increased the peroxyl scavenging capacity in the F2
fraction and micronization promoted further increase in the radical scavenging capacity both in
F1 and F2 (p < 0.05; Figure 3D). The micronized F2 fraction exhibited the greatest ORAC
values suggesting that this fraction has the greatest bioactive potential. The high antioxidant
potential of this sample is of great interest as peroxyl is a biologically relevant radical (Prior,
2015). Extracts of Hibiscus sabdariffa, which were also able to scavenge peroxyl radicals, have
been shown to exhibit hypolipidemic properties in hyperlipidemic mouse model (Fernandez-
Arroyo et al., 2011). Moreover, the high antioxidant capacity of food grade lingonberry extract
in the ORAC assay have been shown to be associated to a protective effect against oxidative
stress in vivo (Mane et al., 2011). However, ORAC activity has been scarcely evaluated in
micronized products. Our results demonstrate that micronization remarkably improves peroxyl
radical scavenging capacity of OP fractions. ORAC values of OP fractions were higher than
those obtained for grape antioxidant dietary fiber (Pérez-Jiménez et al., 2008b) but similar to
the values of fresh lime waste (approximately 535 pmol TE g dw) and deffated agai pulp
(approximately 379 umol TE g* dw) (Esparza-Martinez et al., 2016; Rufino et al., 2011). Thus,
micronization is an important method to increase the antioxidant capacity and may have

promising health effects.
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Figure 3. Antioxidant capacity in EPP extracts from OP fractions granulometrically separated

and micronized. Results are mean + standard error of mean (n=6).

*Different from F1 for the same grinding stage. #Different from the respective fraction after grinding. Tukey’s
test (p < 0.05). dm: dry matter; TE: Trolox equivalent; F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles
< 2 mm); A: DPPH radical scavenging; B: ABTS radical assay; C: ORAC assay.

Thus, granulometric fractionation is a simple and effective procedure to obtain OP
products rich in polyphenols and with a good antioxidant capacity (such as F2). A short-time
micronization was sufficient to increase the EPP content, but it was not sufficient to alter the

structure of cell wall matrix or to modify NEPPs composition. The high peroxyl radical
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scavenging capacity of the micronized F2 fraction indicates that it is an important source of

polyphenols with potential biological activity.

3.6 Proximate composition of OP fractions

In addition to the important changes in polyphenol content and antioxidant capacity,
granulometric fractionation and micronization also caused changes in the proximate
composition of OP. Granulometric fractionation of OP using a 2-mm sieve had a significant
effect on the proximate composition (Table 6) yielding two products that had different ash,
protein and fat content, being F2 the fraction bearing the highest ash, protein and fat content
(p<0.05). Micronization had no effect in the protein content and did not change the ash content
of F2 but increased the ash content of F1 and the fat content of both fractions (p<0.05). Dietary
fiber (DF) is the most abundant constituent of OP. Granulometric fractionation was effective to
concentrate SDF in the F2 fraction (more than 10 times), which also had reduced content of
IDF and TDF (~0.9 and 0.8 times) compared to the F1 fraction (p < 0.05). These results are
similar to those obtained for total dietary fiber of some cereal products such as oat fiber, barley
bran and sesame husk (Chawla & Patil, 2010; Nandi & Ghosh, 2015). Reduced times of
micronization did not modify the SDF content. However, the granulometric fractionation of OP
generates a product enriched in SDF. The amount of SDF in F2 is equivalent to flaxseed
(11.3%) that is considered a rich source of SDF (Nandi & Gosh, 2015). Granulometric
fractionation did not change the content of cellulose or hemicellulose but micronization
increased the content of cellulose in FLAG and the content of hemicellulose in both micronized
fractions (p < 0.05, Table 6). Granulometric fractionation generated a product bearing lower
lignin content, namely F2. Moreover, micronization was effective to reduce the amount of
lignin in both micronized fractions. This finding is in agreement with previous data on the effect
of reduced times of micronization on cereals, which was able to reduce the content of
compounds with low bioaccessibility, such as lignin (Fardet et al., 2008). Thus, granulometric
fractionation of OP selectively concentrates constituents of greater nutritional interest in the F2

fraction and micronization further improves its composition.
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Table 6. Proximate composition (g 100 g of dry matter) of OP fractions obtained by
granulometric fractionation

Micronization

Granulometric Before After grinding Mean =
fractionation grinding SEM

Ash F1 1.5+0.0°8  2.0+05A 1.8+0.1

(g 100 gt dm) F2 41+0.0*4 39%0.1%4 40£0.1
Mean + SEM (n=8) 2.8+0.6 2904

Crude Protein F1 38+0.3 42+0.1 4.0+0.2°

(g 100 gt dm) F2 11.1+0.5 119+0.1 11.5+£0.3%
Mean + SEM (n=8) 8.0 +1.74 75+ 177

Fat F1 20+0.0"®  500+0.1°4 35+0.7

(g 100 gt dm) F2 44+02*%  6.8+0.1%4 56+0.6
Mean + SEM (n=8) 5.9+0.4 3.2+05

Total dietary fiber F1 718.7+24 829104 80.8 +1.4°

(g 100 gt dm) F2 745+0.3 745+0.8 73.5+0.6°
Mean + SEM (n=8) 75.6+1.8% 78.7+1.9*

Insoluble Dietary F1 779+£0.9 81.8+0.7 79.8+ 1.0

Fiber

(g 100 g dm) F2 62.6 + 0.5 65.3+0.9 64.0 +0.8°
Mean + SEM (n=8) 73.6+3.7%  70.2+3.58

Soluble Dietary Fiber F1 0900 1.1+£03 1.2+0.2°

(g 100 g tdm) F2 10.0+0.8 122+35 11.1+1.78
Mean + SEM (n=8) 5.6 + 2.0* 6.7 + 2.94

Cellulose F1 1.2+01*8  31+05% 21+05

(g 100 g* dm) F2 1.2+0.0*®  1.3+0.1°B 1.3+0.1
Mean £ SEM (n=8) 1.2+0.0 22+0.5

Hemicellulose F1 196+1.1 274+1.1 23.5+2.0°

(g 100 g* dm) F2 199+1.1 23211 21.5+0.8
Mean + SEM (n=8) 19.7+0.58  253+1.3"

Lignin F1 58.9 + 1.6*A 454 +0.4%8B 522+3.1

(g 100 g dm) F2 34.2+0.5"A 2812 +1.2°B 31.2+15
Mean + SEM (n=8) 46.5%+5.6 36.8+3.9

ANOVA results (p-value)

Granulometric
fractionation

Micronization

Granulometric
fractionation x
Micronization

Ash
Crude Protein

0.000
0.000

0.052
0.092

0.002
0.545
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Table 6 (continued)

Fat 0.000 0.000 0.046
Total dietary fiber ~ 0.000 0.044 0.433
Insoluble  Dietary ) 5, 0.003 0.471
Fiber

Soluble  Dietary )5 0.536 0.521
Fiber

Cellulose 0.006 0.004 0.004
Hemicellulose 0.114 0.001 0.076
Lignin 0.000 0.000 0.000

Lower case letters indicate differences between granulometric fractions and upper case letters indicate
differences in the micronization process. F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles < 2 mm).

4 Conclusion

We showed that a short-time micronization is an efficient technique to increase the
extraction of EPP from granulometrically fractionated olive pomace. Granulometric
fractionation followed by micronization generates a product of great interest that is the
micronized fraction obtained from OP particles < 2 mm (F2AG). This product is rich in EPP,
SDF, hydroxytyrosol and had high antioxidant capacity in several assays. More studies need to

be conducted to evaluate the biological effects of OP fractions and micronized products.
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Figure S1. HPLC-RF chromatogram of polyphenol standards at 280 nm of emission and 339

nm of excitation. Hydroxytyrosol (1), Oleuropein (2) and Pinoresinol (3).
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Figure S2. HPLC-PDA chromatogram of polyphenol standards at 340 nm. Luteolin (4) and
Apigenin (5).
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Figure S3. HPLC-RF chromatogram of phenolic compounds of F1 (280 nm of emission and
339 nm of excitation). Hydroxytyrosol (1) and Pinoresinol (3).
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Figure S4. HPLC-PDA chromatogram of phenolic compounds of F1 (340 nm). Luteolin (4).
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Figure S5. HPLC-RF chromatogram of phenolic compounds of F2 (280 nm of emission and
339 nm of excitation). Hydroxytyrosol (1) and Pinoresinol (3).
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Figure S6. HPLC-PDA chromatogram of phenolic compounds of F2 (340 nm). Luteolin (4).
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Figure S7. HPLC-RF chromatogram of phenolic compounds of FLAG (280 nm of emission
and 339 nm of excitation). Hydroxytyrosol (1) and Pinoresinol (3).
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Figure S8. HPLC-PDA chromatogram of phenolic compounds of FLAG (340 nm). Luteolin
(4).
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Figure S9. HPLC-RF chromatogram of phenolic compounds of F2AG (280 nm of emission
and 339 nm of excitation). Hydroxytyrosol (1) and Pinoresinol (3).
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Figure S10. HPLC-PDA chromatogram of phenolic compounds of F2AG (340 nm). Luteolin
(4).
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4.2 MANUSCRITO 2:

GRANULOMETRIC FRACTIONATION AND MICRONIZATION: A PROCESS FOR
INCREASING SOLUBLE DIETARY FIBER CONTENT AND IMPROVING
TECHNOLOGICAL AND FUNCTIONAL PROPERTIES OF OLIVE POMACE

Manuscrito configurado nas normas do periédico Powder Technology
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Abstract

The aim of this study was to evaluate the effect of micronization of granulometrically separated
olive pomace fractions on dietary fiber composition, technological and functional properties.
OP was separated in 2-mm sieve, resulting in: F1 (> 2 mm) and F2 (< 2 mm). F2 had higher
content of soluble dietary fiber than F1 and lower lignin content. F2 had higher water and oil
holding capacities, solubility and cation exchange capacity than F1. The micronization of F1
and F2 fractions using a ball milling (300 r min“Y/5 h) reduced the average particle size by 20
times. Micronization caused a redistribution of fiber fractions (from insoluble to soluble),
decreased lignin content and changed granule morphology. FT-IR spectra showed that
micronization exposed some functional groups, which explains the changes in dietary fiber
composition. Thus, micronization converts OP into novel powders bearing improved
technological and functional properties.

Keywords: olive oil, agroindustrial waste, ball milling, dietary fiber, Arbequina

Highlights
e Granulometric separation of OP fractions produces two novel powders with different
compositions;
e Micronization increases soluble dietary fiber content of OP fractions;
e Micronization reduces lignin content of OP fractions;

e Micronization improves physicochemical properties of OP fractions;
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1 Introduction

In food industry, there is increasing concern about the generation of wastes due to its
high polluting potential and interesting chemical and nutritional characteristics. Then, strategies
have been adopted for the exploitation of many types of residues (such as apple, orange and
carrot) [1] in order to avoid environmental contamination and exploit their potential
nutraceutical properties due to its rich composition in polyphenols, dietary fiber (DF), vitamins
and minerals [1]. Among these strategies is the use of wastes for the production of bioactive
ingredients [2] that can improve technological and functional properties, besides increasing the
shelf-life of food products [3].

Olive oil industry generates a solid waste named olive pomace (OP) that has high
antioxidant potential [4] and is rich in bioactive compounds, especially dietary fiber (DF),
residual oil and polyphenols [5]. Nowadays, most OP is destined for combustion. Although
this disposal effectively reduces the waste volume, it disregards the potential use of the valuable
compounds found in this residue [3]. The DF found in OP is composed mainly by lignin, an
insoluble polyphenol compound that has high molecular weight, low absorption rate in the small
intestine and no health benefits reported [6]. Another portion of DF present in OP is composed
by a soluble fraction, mainly pectin [7]. Soluble dietary fiber (SDF) is recognized by its
beneficial health effects that include improvement of intestinal transit and glycemic response
as well as cholesterol lowering properties [8]. Then, residues rich in insoluble and soluble
fractions of dietary fiber must be exploited in order to take advantage of these valuable
compounds and thus add value to agroindustrial by-products.

Strategies that could modify the composition of OP are of great interest to add value to
this lignin-rich residue. Micronization is an eco-friendly process that has been used to modify
some agro-industrial by-products [9]. Also known as superfine grinding, micronization consists
of a physical method that reduces particle size for a range equal to or lower than 100 um [10].
Agro-industrial wastes derived from grape, persimmon and wheat bran have been submitted to
superfine grinding resulting in the improvement of functional, chemical and physical properties
of powders [11]. We have recently demonstrated that short-time micronization of OP (15-24
min) increases the content of free phenolic compounds and the antioxidant capacity of the
powder but did not change SDF content [5]. In contrast, long-time micronization has been
shown to be an efficient method to promote chemical rearrangements in DF, increasing its
solubility in a number of agro-industrial wastes [12] but its impact on the dietary fiber fraction

of OP has not been explored yet. Moreover, most studies had isolated insoluble dietary fiber
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(IDF), using solvents and enzymes, before evaluating the effects of micronization; this approach
increases production costs and generates new residues [13,14]. Thus, the aim of this study is
to evaluate the effect of micronization of on the composition of dietary fiber and
physicochemical properties of the powders obtained by granulometric fractionation of OP. The
powder products generated through this process may be an alternative for the exploitation of

this residue for food or pharmaceutical applications.

2 Materials and methods

2.1 Sample preparation

Olive pomace was obtained in a production unit of extra virgin olive oil located in
Formigueiro city, RS, Brazil (29°59'01"S; 53°21'50"W). The residue was obtained from cv.
‘Arbequina’ and it was collected immediately after the extraction of olive oil by the biphasic
centrifugation method.

The crude wet residue sample was separated in a 2 mm sieve as described by Speroni et
al. [5]. The sample retained in sieve (composed by particles > 2 mm) was named F1. The sample
that passed through the sieve was composed by particles <2 mm and liquid. This fraction was
centrifuged (1,774 x g/10 min). The liquid supernatant was separated and will be used in another
study, whereas the solid fraction, composed by particles < 2 mm, was named F2. F1 and F2
were freeze-dried (TERRONI, LS 3000 model, Brazil), milled in a knife mill (Marconi®, MA
630 model, Brazil) and defatted with n-hexane as described by Goulart et al. [15]. Thereafter,
the defatted F1 and F2 were used for this study.

2.2 Obtaining of micronized samples of olive pomace

Defatted F1 and F2 fractions were submitted to a planetary ball mill (Retsch Co.,
Germany, PM100 model) using a stainless-steel vessel of 250 mL capacity and six 30-mm
diameter stainless steel balls. A 15-g sample batch was micronized in each run, following the
manufacturer’s recommendation and pilot tests. Every 10 min of milling the equipment was
paused 2 min to avoid the increase of temperature in the flask.

An experimental design (Supplementary material) has been used to optimize milling
conditions to yield the lowest IDF/SDF ratio. Dietary fiber content was assessed by the

enzymatic-gravimetric AOAC method (humber 991.43) [16]. For this experimental design, the
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variables studied were rotational speed (300, 400 and 500 r min't) and milling time (3, 4 and 5
h). The lowest IDF/SDF ratio was obtained at 300 r min™ and 5 h for both F1 and F2. Then,
two new samples were obtained after milling at this condition: FLAG and F2AG. Thus, four

samples were analyzed in this study, namely F1, F2, F1AG and F2AG.

2.3 Dietary fiber composition

Samples were evaluated to determine the composition of dietary fiber fraction, namely
total dietary fiber (TDF), insoluble dietary fiber (IDF), soluble dietary fiber (SDF), lignin,
cellulose and hemicellulose content. TDF, IDF and SDF content were obtained by the
enzymatic-gravimetric AOAC method (number 991.43) [16]. Cellulose, hemicellulose and
lignin content were assessed as described by Goering and Van Soest [17], following sample
treatment with neutral detergent and acid detergent solutions. After the treatment of samples
with acid detergent, lignin was measured after treatment with 72% H>SOs (W/v).
Monosaccharide composition in OP fractions (glucose, xylose, arabinose, mannose and
gallactose) was determined according to the method of Sluiter et al. [18]. In brief, samples (0.3
g) were hydrolyzed with 72% H2SO4 (w/v) at 30°C during 60 min. Thereafter, 84 mL of distilled
water was added and samples were hydrolyzed at 121 °C during 60 min, and then filtered under
vaccum. The resultant filtrate was analyzed by high performance liquid chromatography with
pulsed amperometric detection (HPLC-PAD) to assess released monosaccharides by anion
exchange chromatography. Separation was performed using a Dionex-DX500 (Sunnyvale, CA,
EUA) instrument, a Carbopac PAL column (4 mm x 250 mm) and a CarboPac PA1 guard
column (4 mm x 50 mm), adopting a linear gradient elution with A (NaOH 50 mM), B (NaOAc
500 mM; NaOH 50 mM) and C (H.O). The concentration of each monosaccharide was
calculated from calibration curves of external standards purchased from Sigma-Aldrich. The
analysis were performed on triplicate and results were expressed as the percentage of

monossaccharides in the samples (w/w).
2.4 Particle size
The particle size was evaluated using a laser diffraction particle size analyzer equipped

with a sonication control unit (Beckman Coulter, LS 13 230 model, California, USA). The

samples were added to the equipment until an ideal obscuration was achieved in the software.
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Thereafter, powders were dispersed in an aqueous medium and submitted to an ultrasound

treatment for 1 min inside the equipment before analysis.

2.5 Technological and functional properties

Water holding capacity (WHC) [19] and oil holding capacity (OHC) [19] were
evaluated by exposing sample to soybean oil (density of 0.976 g mL™) or distilled water for 24
h. Thereafter, samples were centrifuged (2,000 x g 15 min') and the supernatant (water or oil)
was discarded. Samples were run in triplicate and the results were expressed as the amount of
water/oil retained (g g* of sample).

The solubility was evaluated by exposing sample (0.3 g) to distilled water, followed by
1 h stirring [20]. Thereafter, samples were centrifuged to separate solid and liquid fractions.
The supernatant was collected in a previously weighed flask that was then freeze-dried and
weighed again. Results were expressed as the percentage of water-soluble sample.

The bulk density was measured following the methodology of Chau et al. [20]. Samples
were added to a previously weighed 10-mL graduated cylinder. The flask was gently tapped
several times until there was no further decrease of sample volume. Then, the cylinder was
weighed again. Analysis was made in triplicate and results were expressed as g of sample per
mL filled in the flask.

The cation exchange capacity (CEC) was evaluated by the methodology of McBurney
[21]. Samples were incubated in a solution of 1 M CuSO, for 1 h. Thereafter, the solution was
filtered and the liquid filtrated was discarded. Then, the sample was washed three times with
HCl:propanol solution. The liquid fraction resulting was collected in a 100-mL volumetric flask
and the volume was completed with the same solution. A 5-mL aliquot of this solution was
withdrawn, the pH was adjusted with a 2 M NH4OH solution and the liquid is transferred to a
volumetric flask of 50 mL. The Cuprizon solution was added and the volume was completed
with distilled water. After 30 min, absorbance was verified at 590 nm. Cupper was quantified
using a 5-point calibration curve of Cu(NOs).. The analysis was run in triplicate and the results

were expressed as mg of Cu linked per g of dry matter.

2.6 Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM)

Infrared spectroscopy analysis was conducted using a Perkin Elmer (Spectrum Two

model) with Universal Attenuated Reflectance (UATR) with a diamond crystal available in the
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Laboratory for Advanced Studies of Materials, located in Feevale University. Analysis was
made considering a spectral range from 4000 to 400 cm™. Resolution was 32 cm™ and four
scans were run to collect each spectrum. Samples were not treated prior to analysis.

For SEM analysis, a JEOL equipment (model 6510LV) was used to verify the effect of
micronization on granule morphology. Samples were treated with a layer of gold, and
micrographs were obtained using a 10-kV electron beam. A Karl Zeiss stereomicroscope (Stemi
508 model) coupled to Zen 2 Blue Edition Software was used to evaluate the granule’s

morphology.

2.7 Statistical analysis

The validation of experimental design to identify the best milling condition was
obtained by submitting data to ANOVA (95% of confidence level). Thereafter, to obtain the
best milling condition, experiment was tested in triplicate. Data was obtained using Design
Expert 6.0.10 software. The other data was analyzed by two-way ANOVA (2 granulometric

separation X 2 micronization conditions) followed by Tukey’s test when appropriate (p < 0.05).

3 Results and discussion

3.1 Dietary fiber composition

Dietary fiber has been increasingly valued due to its health benefits and also because it
imparts desirable functional and technological features of fiber-rich foods [22]. The
experimental design to find the best rotation/time combination to reduce IDF/SDF values of OP
fractions showed lack of fit and did not yield a significant model (Supplementary material, table
S1). Then, the milling condition that yielded the lowest IDF/SDF ratio (experiment 3: 300 r
min for 5 h) for both OP fractions (F1 and F2) was selected. Granulometric fractionation was
effective to produce two powdered materials with different characteristics according to dietary
fiber (Table 1). Before ultrafine grinding F1 had higher content of TDF and IDF than F2 (1.1
and 1.3 times, respectively, p<0.05) and OP (1.05 and 1.1 times, respectively), whereas F2 had
approximately 11 times higher SDF content than F1 (p<0.05) and 2 times higher than OP (Table
1). The content of SDF found in F2 before grinding is similar to that found for other wastes
such as cocoa pod husk [23]. Due to fiber solubility, these wastes are indicated as functional

ingredients with nutraceutical potential [23]. Sieve-fractionation of cereals and other fruit
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byproducts has also changed fiber composition, yielding higher SDF content in the fraction of
smaller particle size (that passes through the sieve) [24,25]. Moreover, different particle size
obtained by sifting of banana flour revealed a decrease of TDF associated to particle size
reduction as observed in our study [26].

Although granulometric fractionation alone had good results (OP and F1 fiber values
vs. F2 values before grinding), the association of fractionation with micronization further
improved the SDF content in both OP fractions (Table 1). Micronization did not change TDF
content of F1 but decreased TDF content of F2. However, micronization of OP fractions
increased the SDF and reduced IDF contents for both F1 and F2 after grinding. These data
confirm the results of other studies that tested superfine grinding to modify wine grape pomace
and hard white winter wheat [27,28]. Micronization increased SDF by 6 and 1.6 times for F1
and F2 after grinding, respectively. Then, micronization promoted a rearrangement in the DF
of OP fractions, causing an increase of solubility. Other studies also revealed a positive
relationship between the reduction in particle size and the decrease in TDF and IDF contents
and consequently an increase of SDF [27,28]. Reductions of TDF and increase of SDF after
superfine grinding may occur due to the degradation of cellulose, hemicellulose and lignin in
the powders [14].
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Table 1. Effect of granulometric fractionation and micronization on the dietary fiber composition of olive pomace.

Granulometric Micronization

Fractionation Before Grinding After Grinding  Mean + SEM (n=3)

F1 80.7 + 1.23A 79.5 + 0.5%A 80.1+0.6
TDF (g100g*DM) F2 72.5 +0.3°A 66.7 £ 0.1°8 69.6 +1.3

Mean + SEM 76.6+1.9 73.1+2.8

F1 78.8 + 0.5%A 73.4+0.3%B 76.1+1.2
IDF (g100g*DM) P2 62.5 + 0.5°A 50.8 + 0.5"B 56.7 + 2.6

Mean + SEM 70.7 £3.7 62.1+5.1

F1 0.9+0.0 6.1+0.2 35+1.2°
SDF (g100g'DM) F2 9.9+0.8 15.8 +0.4 12.9 +1.4°

Mean + SEM 5.4 +2.0° 11.0+2.28

F1 1.2+0.1%8 14.9 +0.1%A 8.1+3.1
Cellulose (g 100 g F2 1.3+0.0%B 11.1 £ 0.10A 6.2+2.2
DM) Mean + SEM 1.2+0.0 13.0+0.9

(n=3)

F1 18.0 + 1.0%B 31.6 £ 0.2°A 24.8+3.1
Hemicellulose  ((g F2 17.9 +£0.2%8 39.9 +0.5%4 28.9+4.9
100 g1 DM)) Mean + SEM 17.9+05 35.76 + 1.88

(n=3)
Lignin (g 100 g* F1 57.4 + 1.6%A 27.7+0.8%B 42.6 +6.7
Dl\g/l) g 9° R 33.3 +0.50A 17.7 + 1.108 255+ 3.6

Mean + SEM 45.4 +5.4 22.7+2.3

Monosaccharides



Lower case letters indicate differences between granulometric fractions and upper case letters indicate differences in the micronization process. F1: Fraction 1 (particles > 2
mm); F2: Fraction 2 (particles < 2 mm); TDF: total dietary fiber; IDF: insoluble dietary fiber; SDF: soluble dietary fiber; DM: dry matter; nd: not detected. Results are mean +
standard error of mean (n= 3). The composition of defatted olive pomace before granulometric fractionation was (g 100 g DM): 76.9 + 0.6 TDF, 71.7 + 2.1 IDF, and 5.2 + 1.5

SDF.

Table 1 (continued)

Glucose (g 100 g*
DM)

Xylose (g 100 g*
DM)

Arabinose (g 100 g*
DM)

Gallactose (g 100 g*
DM)

Mannose (g 100 g*
DM)

F1
F2
Mean + SEM

F1
F2
Mean + SEM

F1
F2
Mean + SEM

F1
F2
Mean + SEM
F1

F2
Mean + SEM

23.3+0.3%4
24.5+0.1%4
23.9+0.3

12.8 + 0.2°A
13.5 + 0.28A
13.1+0.2
22+0.1
2.0+0.1
21+01°
Nd

Nd

Nd

Nd

23.8 £ 0.4%A
23.2 £ 0.42A
235+0.3

12.9+0.11%A
12.5+0.1*A
12.7+0.1
1.9+0.0
1.9+0.0
1.9+ 0.08

nd

nd

nd

nd

23.6+0.2
239+0.4

128 +0.1
13.0+0.2

20+0.1°
2.0+0.0?

103
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In addition to the changes in IDF and SDF content, granulometric fractionation and
micronization also changed the composition of IDF. Granulometric fractionation produced two
new powdered materials with the same amount of cellulose and hemicellulose but different
content of lignin (Table 1). Granulometric fractionation of OP promoted a partial separation of
stones (mainly concentrated in F1) and pulp (mainly concentrated in F2). This may explain the
differences in fiber components, and higher content of lignin in F1. Micronization of OP
fractions caused a great decrease (at least 50%) in lignin content for both F1 and F2 after
grinding. While lignin levels reduced, the cellulose and hemicellulose contents remained
constant regardless of sieve fractionation, but increased after micronization. For cellulose and
hemicellulose, micronization was effective to break the structures that composes the fibrous
complex, with consequent exposure of these compounds. Thus, the exposure of hemicellulose
and cellulose make them more soluble in neutral and acid detergents, which explains the
increase of these fractions. In contrast, lignin content decreased after micronization, suggesting
that lignin may have been released from the cell wall particles where it is usually associated to
cellulose and hemicellulose. Micronization of corn straw has been shown to cause a small
reduction of lignin, which was suggested to be destroyed by ball milling [29]. Some physical
or chemical processes can solubilize the low-molecular weight lignin fragments with the
breakage of lignin-carbohydrate bonds [3]. This can be confirmed with the solubility
improvement and increase of polyphenols of micronized OP fractions [5]. Lignin breakage is
desirable to increase the nutritional applications of this olive by-product as lignin is not digested
by the human gastrointestinal tract and does not have the nutritional benefits of soluble fiber
[30].

OP fractions (F1 and F2) had no differences in the composition of monosaccharides,
which are the monomer units that form the undigestible carbohydrates found in dietary fiber
(Table 1). Micronization of OP fractions also did not modify the composition of
monosaccharides of F1 or F2. The main monosaccharides found in all samples were glucose,
xylose and arabinose. Mannose and gallactose were not detected in OP fractions. Glucose and
xylose have also been shown to be the major components in a study of dry fractionation of OP
but the content was different from our results, likely due to differences in the cultivars and

methods of extraction of olive oil [31].

3.2 Particle size
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Particle size reduction was important to improve the functional properties and
bioaccessibility of polyphenols in the IDF from rice bran [32]. In our study, F1 and F2 before
grinding were distributed over a wide range of particle diameters, reaching up to 1800 um. The
highest occurrence of particle size in F1 was within the range of 500 to 1000 um, while F2
presented higher volume in the range of 0 to 900 um. F1 before grinding had higher average
particle size (317 um) than F2 (265 um) because the olive stones were more predominant in F1.
Thus, granulometric fractionation modified the composition of OP fractions, due to the high
hardness of stones, F1 had greater resistance to particle breakage in conventional milling, which
yielded its greater particle size.

Micronization modified the particle size of OP fractions, reducing considerably the
average size and causing a standardization in the distribution of particle size for F1 and F2 after
grinding (Figure 1B). The higher concentration of particles for both samples was within the
range from 0 to 40 um after superfine grinding. F1 after grinding had an average particle size
of 17.8 pum that slightly higher than that of F2, which amounted to 15.6 um. The condition of
micronization used in this study (300 r min during 5 h) were sufficient to reduce the average
particle size by ~17 times for both samples (F1 and F2) after grinding. F2 was composed mainly
by pulp and small stone fragments, which are easier to break [33] and allow it to attain lower
particle size after grinding than F1. The best condition for micronization depends on the
material resistance. Carrot IDF required 10 h of ball milling to attain the average particle size

of ~12 um, whereas 12 h were required for lotus powder to reach 8 um [20,34].

Volume (%)
o
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Figure 1. Effect of micronization on the particle size reduction of granulometric fractions of olive

pomace.
A: Fraction 1 (F1; particles > 2 mm) and Fraction 2 (F2; particles < 2 mm) before superfine grinding. B: F1 and F2 after
superfine grinding. Results were obtained in triplicate.

3.3 Technological and functional properties
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WHC is related to the ability of fiber to retain water when an external force is applied
[19]. F2 before grinding had higher WHC than F1 before grinding (Table 2). Micronization of
F1 fraction increased WHC. Samples with higher amount of hydrophilic groups can form
hydrogen bonds and bind more strongly the water molecules [35]. The size and composition
of particles are responsible for modifications in this property [36]. However, micronization
caused a small reduction of this property in F2 after grinding. Superfine grinding may cause a
collapse in fiber matrix, reducing its ability to maintain the water trapped inside the matrix.
This property is related to the structure, density and number and nature of water-binding sites
and particle size [37,20]. Micronization also promoted a reduction of WHC in barley grass

powder [38] but an increase in WHC in wheat flour [36].

Table 2. Effect of granulometric fractionation and micronization on the technological and
functional properties of olive pomace.

Micronization

Granulometric

Eractionation Before After Mean = SEM
Grinding Grinding (n=3)

F1 1.3 +0.0°B 27+0.0*" 20+0.4
WHC (g H:O0 g*DM) F2 2.8 +0.0%A 25+0.0°2 27+0.1

Mean + SEM 21+04 26+0.1

F1 109+ 0.5 151+05 13.0+1.3°
Solubility (%) F2 20.2+0.8 248+03 225+1.42

Mean + SEM 155+ 2.78 20.0 +2.8%

F1 0.6 + 0.0PB 1.3+0.0*A 1.0+0.2
OHC (g oil g* DM) F2 1.5+ 0.0%A 1.1+0.0*2 13%0.1

Mean + SEM 1.0+0.2 1.2+0.1

F1 0.7 £ 0.0%A 05+0.0*® 0.6+0.1
Bulk density (g mL™?)  F2 0.3+0.0°B 0.5+0.0* 04+0.1

Mean + SEM 05+0.1 0.5+0.0

F1 4.1 +0.0PB 58+0.0°" 50+05
CEC(mgCug'DM) F2 6.4 + 0.28A 6.8+0.1*A 6.6+0.2

Mean + SEM 53+0.7 6.3+0.3

Lower case letters indicate differences between granulometric fractions and upper case letters indicate differences
in the micronization process. F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles < 2 mm); WHC: Water
holding capacity; OHC: oil holding capacity; CEC: cation exchange capacity; DM: dry matter. Results are mean
+ standard error of mean (n= 3).

Granulometric fractionation remarkably increased water solubility of F2 compared to
F1, which is in agreement with the higher content of SDF in this fraction. The redistribution of

fiber fractions, from insoluble to soluble, is also responsible for increasing water solubility.



107

Micronization increased the porosity and capillary attraction of fiber and consequently modified
powder solubility [39]. Moreover, micronization reduced the particle size (Figure 1) and
increased the surface area (Figure 2), which can increase the solubilization of cell wall
constituents as well as some proteins [20]. Micronization has also been shown to improve the
solubility of isolated and crude products, such as trans-resveratrol and lotus node powders
[40,34].

OHC is related to the ability of entraping oil molecules within the fiber and can be used
to stabilize foodstuffs and emulsions, besides promoting beneficial health effects by reducing
intestinal absorption of cholesterol [20]. F2 had higher OHC than F1 (Table 2). Micronization
improved OHC for F1 after grinding, but caused a small reduction for F2 after grinding. This
property is related to the bulk density of fibrous materials. A reduction of bulk density causes
an increase of OHC because micronization modifies the porosity of fiber and favors the
entrapment of oil within the matrix [20]. In agreement, we found lower bulk density for F2 than
F1 before grinding (Table 2) but micronization reduced bulk density of F1 and increased this
property for F2, confirming the changes observed in OHC.

Cation exchange capacity (CEC) is related to the lipid metabolism because the fiber
matrix can absorb bile salts and interrupt the stability of lipid micelles during digestion,
reducing the absorption of lipids and cholesterol due to the formation of undigested fiber-
micelle complex [41]. This mechanism can reduce the number of intact micelles in the
organism, modifying lipid absorption [20]. Before grinding, F2 had higher CEC than F1 (Table
2). Micronization increased CEC in F1 after grinding but did not change CEC for F2 after
grinding. These results are related to the SDF content [42]. Therefore, samples with higher SDF
content have higher CEC potential. Micronization have also been shown to increase the CEC
for IDF of citrus due to the increase of SDF content [43]. These results indicate that OP fractions
and micronized OP fractions can be used as functional food ingredients or dietary fiber sources

in food formulations or pharmaceutical products.

3.4 Scanning electron microscopy and Fourier transform-infrared spectrometry (FT-IR)

Micronization of OP fractions modified the morphology of granules as shown in the
SEM micrographs (Figure 2). Ball milling visually changed the shape of F1 and F2 granules.
After grinding, granules became smaller and had more fractures and irregularities in surface,
visually analysed. Differences in the size of granules were also observed (Figure 2), in

agreement with particle size data (Figure 1). After superfine grinding, F1 and F2 granules had
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a rough appearance. Micronization of sweet potato peels has been shown to change the shape
of granules to a more irregular and poly angular appearance but the surface did not suffer
injuries neither had rough appearance [39]. Similar microstructural alterations were observed
after superfine grinding of rice bran IDF and these changes have been suggested to be
responsible for the improvement of functional properties of DF [32].

o

> b 3 ”
LT N

SElI  10kV x500 S — SEI  10kV
LABORATORIO DE MATERIAIS - FEEVALE LABORATORIO DE MATERIAIS - FEEVALE

SElI  10kV x500 —— SEl  10kV x500 50pm
LABORATORIO DE MATERIAIS - FEEVALE LABORATORIO DE MATERIAIS - FEEVALE

Figure 2. SEM images of granulometric and micronized fractions of olive pomace.
A: Fraction 1 (F1; particles > 2 mm) before superfine grinding; B: F1 after superfine grinding; C: Fraction 2 (F2;
particles < 2 mm) before superfine grinding; D: F2 after superfine grinding.

The FT-IR spectra of OP fractions before and after micronization are displayed in Figure
3. F1 and F2 had similar spectrum pattern with different intensities of absorption. F2 had an
absorption band in the region of 2852 cm™. This spectral region indicates the presence of
vibrations of C-H stretch of methylene groups of polysaccharides, and is related to cellulose
and hemicelluloses [44]. Micronization caused changes in the spectral profile of powders
(Figure 3). It was observed that the micronization has increased the spectral absorption of both
samples, because grinding promotes the exposure of functional groups, facilitating the access
to the corresponding groups. F1 and F2 after grinding had increased absorption of infrared
radiation in the region 3328 cm™, which is possibly caused by higher vibrations of O-H

associated to polymers [45]. Higher absorbance in 1746 cm™ region for F2 after grinding
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indicates a C=0 stretch commonly recognized as vibrations of acetyl ester and uronic groups
provided by hemicelluloses or ester linkage of carboxyl groups of ferulic or p-coumaric acids
also provided by hemicelluloses or lignin. It can be related to the increase of SDF and reduction
of lignin content [44]. F1 and F2 both after grinding showed higher intensity of this band. The
reduction of particle size increased the wavenumber of 1032 cm™ and 1030 cm™ bands from F1
and F2, respectively. These bands were displaced to 1036 cm™ and 1032 cm™ bands in F1 and
F2 after grinding, respectively. Changes of wavenumber can indicate the breakage of
intramolecular hydrogen bonds of cellulose and hemicellulose to form cellulose and soluble
saccharides, respectively. Then, superfine grinding did not alter the main functional groups of
cellulose, the modifications can occur only for the carbon polymer chain [45]. Micronization
increased the signal intensity for F1 and F2 after grinding in this band (~ 1030 cm™). These
results are in agreement with data found for the changes in lignin, hemicellulose and cellulose
contents. Then, micronization of OP fractions is a simple and effective method to improve the
functionality of dietary fiber and release compounds of low utilization by the organisms, such
as lignin exposing other compounds with higher functionality such as cellulose and

hemicellulose. Then, these findings indicate that the application of OP fractions must be further
studied.
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Figure 3. FT-IR spectra of granulometric micronized fractions of olive pomace.
a: Fraction 1 (F1; particles > 2 mm) before superfine grinding; b: Fraction 2 (F2; particles < 2 mm) before superfine
grinding; c: F1 after superfine grinding; d: F2 after superfine grinding.

4 Conclusions

Granulometric fractionation is a simple method to obtain an OP-derived powder product

that is rich in soluble dietary fiber, the sample that presented particles < 2 mm in granulometric
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fractionation process. Micronization is an effective process to increase the content of soluble
dietary fiber and consequently to change the composition of insoluble fiber by reducing lignin
content and increasing cellulose and hemicellulose content of deffated OP fractions. The
modifications in granule morphology confirm that micronization process is able to improve

technological and functional properties of the novel powders from OP agroindustrial waste.
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Table S1. Experimental design for the optimization of milling conditions (rotational speed and
time), obtained response (IDF/SDF ratio) and ANOVA results.

Variables Response
. IDF/SDF
Treatments r'?]?rt]?f)lonal speed (1 Time (h) After Grinding
F1 F2
Control 0 0 87.1 6.3
1 300 3 58.4 7.4
2 500 3 49.9 22.2
3 300 5 12.0 3.2
4 500 5 86.9 10.2
5 400 4 115.0 11.3
6 400 4 105.2 12.1
7 400 4 84.7 12.7
8 259 4 1155 13.3
9 541 4 78.6 72.5
10 400 2.59 15.7 10.5
11 400 541 14.0 9.3

F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles < 2 mm); IDF: insoluble dietary

fiber; SDF: soluble dietary fiber.
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Table S2. ANOVA results of FI/FS response observed after micronization.

Sample Indicated Significative coefficients + Regression

model standard error significance (p <0.05)  Model fit
Intercept A B AB A2 2 (P>

(rotational  (time) 0.05)
speed)

2FI 79.2 + 188 + 155 + 548+ - - 0.2279

FLAG* 16.6 195 195 275
Mean 79.2+86 - - - - - 0.0517
Mean 16.8+57 - - - - - 0.0011

F2AG*  Quadratic 12.0+81 132450 -22 + -19+ 115 -50% 0.1563
5.0 71  +59 59

*Two models was indicated for both the samples, but none model was significant. F1: Fraction 1 (particles >
2 mm); F2: Fraction 2 (particles < 2 mm). FLAG: Fraction 1 (particles > 2 mm) after micronization; F2AG:

Fraction 2 (particles < 2 mm) after micronization.
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4.3 MANUSCRITO 3:

MICRONIZATION INCREASES THE BIOACCESSIBILITY OF POLYPHENOLS FROM
GRANULOMETRICALLY SEPARATED OLIVE POMACE FRACTION

Manuscrito configurado nas normas do periddico Journal of Functional Foods
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Abstract

Micronization of granulometrically fractionated olive pomace (OP) has been recently
demonstrated to increase the amount of free phenolic compounds. The objective of this study
is to investigate the effect of micronization of granulometric fractions of OP on the
bioaccessibility of polyphenols and antioxidant capacity during in vitro digestion. Crude OP
was separated in 2-mm sieve yielding two fractions (F1: > 2 mm; F2: < 2 mm) that were
micronized (300 r min'/5 h) yielding FLAG and F2AG. Samples were submitted to in vitro
digestion and the transformation of phenolic compounds was assessed after salivary, gastric
and intestinal digestion in vitro. Salivary phase released polyphenols of all samples and
micronization was efficient to increase the amount of polyphenols released. Acidic pH under
gastric conditions caused the highest release of phenolic compounds from micronized samples.
F1AG had high bioaccessibility for hydroxytyrosol. Oleuropein, luteolin and apigenin remained
intact along digestion. Micronized samples and F2 had remarkably high antioxidant capacity in
the gastric phase, whereas F2AG exhibited the highest antioxidant capacity in the non-absorbed
intestinal fraction, which is the one that will reach the colon. Micronization of olive pomace
fractions increased the release of phenolic compounds already under simulated salivary and
gastric conditions besides increasing antioxidant capacity during digestion. These results
indicate that micronization can be further expoited to improve the nutraceutical properties of
olive pomace.

Keywords: antioxidants, in vitro digestibility, phenolic compounds, solubility, superfine
grinding.
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1. Introduction

Olive oil industry generates large amount of olive pomace (OP) that is rich in pulp, peel
and stones (Dermeche, Nadour, Larroche, Moulti-Mati, & Michaud, 2013). OP has high amount
of bioactive compounds, such as dietary fiber and polyphenols (Lozano-Sénchez et al., 2017;
Speroni et al., 2019) but also has large amount of lignin, which limits its nutraceutical use
(Rodriguez-Gutierrez, Rubio-Senent, Lama-Munoz, Garcia, & Fernandez-Bolanos, 2014;
Speroni et al., 2019).

Many strategies have been investigated to improve the composition and
characteristics of agroindustrial wastes, targeting them to a specific use, such as industrial
enzymes production, nutraceutical source, nanoparticles development and even as ingredient
substitutes in food formulations (Bender et al., 2016; Ravindran & Jaiswal, 2016).. Solvent-free
methods that generate little or no wastes have been prioritized (Chemat, Vian, & Cravotto,
2012). Micronization is an eco-friendly method that can modify the physical and chemical
characteristics of various pomaces, such as grape, olive and carrot insoluble fiber by reducing
their particles to micrometer dimensions (Chau, Wang, & Wen, 2007; Speroni et al., 2019; Zhu,
Du, & Li, 2014). This size reduction can be achieved by ball milling through the friction caused
by the contact of balls with the sample. Micronization has been demonstrated to increase the
content of soluble dietary fiber, the extractability of phenolic compounds and, consequently,
increase the antioxidant capacity in OP (Speroni et al., 2019). In addition, we have recently
demonstrated that long-time micronization of OP fractions is an useful approach to improve the
quality of dietary fiber by increasing soluble dietary fiber content and reducing lignin content
(Speroni et al., unpublished data).

Although micronization of fruit and vegetable wastes have been shown to improve
physical and functional properties of the generated powders, the impact of this procedure on
the fate of nutrients during digestion have been neglected. Thereby, most studies involving
agroindustrial residues indicate the inclusion of these products (modified or not) in the human
diet, but did not investigate the fate of compounds during human digestion (Majerska et al.,
2019). OP contains many bioactive compounds, mostly phenolics, that are of great interest for
human health, such as hydroxytyrosol, oleuropein, luteolin, caffeic acid, oleoside and others
(Chanioti & Tzia, 2018; Di Nunzio et al., 2018; Lozano-Sanchez et al., 2017). These
compounds are recognized as potential antioxidants, besides exhibiting other beneficial health
effects such as the cardioprotective effects of hydroxytyrosol (Shahidi & Ambigaipalan, 2015)

and the antitumoral, gastro-protective and anti-inflammatory effects of oleuropein (Catalan et
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al., 2016; Hassen, Casabianca, & Hosni, 2015). Health effects depend on the bioaccessibility
of bioactive compounds, which is the amount of ingested nutrient that is soluble and therefore
potentially available for gut absorption after digestion (Parada & Aguilera, 2007). The
bioaccessibility of phenolic compounds may be affected by food-matrix interactions, which will
ultimately determine their prone to be released by the chemical, physical and enzymatic
processes that comprise food digestion. Increasing evidence indicates that besides interacting
with food proteins, phenolic compounds also interact with dietary fiber constituents
(polysaccharides and lignin) through non-covalent binding (Jakobek & Matic, 2019). This
association between phenolic compounds and dietary fiber is expected to affect the
bioaccessibility of phenolic compounds but this process is no completely understood (Jakobek
& Matic, 2019). Physicochemical conditions change according to the stage of digestion and
they can affect the structure and antioxidant capacity of phenolic compounds, which are known
to be poorly absorbed in the gastrointestinal tract (Rein et al., 2013; Tagliazucchi, Verzelloni,
Bertolini, & Conte, 2010). Despite being known for their high antioxidant capacity, the
systemic biological effects of phenolic compounds are unlikely associated to a direct radical
scavenging effect, because plasma and tissue concentrations after intestinal absorption are much
lower than the one required for such effect (Hollman et al., 2011; Rubio, Motilva, & Romero,
2013). Nevertheless, the concentration of phenolic compounds inside the gastrointestinal tract
during food digestion may reach levels required for a direct antioxidant effect (Han et al., 2007),
which would be beneficial in gastrointestinal disorders associated to oxidative stress such as
gastric ulcer or inflammatory bowel diseases (Maurer et al., 2019) Therefore, the objective of
this study is to investigate the effect of micronization of granulometric fractions of OP on the
in vitro bioaccessibility of phenolic compounds and to characterize the changes in their

composition and antioxidant capacity during in vitro digestion.

2. Materials and methods

2.1 Sample preparation

OP was obtained from Olea europaea L. cv. ‘Arbequina’ in the agroindustry of virgin
olive oil located in Formigueiro city, RS, Brazil (29°59'01"S; 53°21'50"W). Samples were
collected immediately after the extraction of olive oil by the biphasic centrifugation method
and stored at -18°C until it was processed in the laboratory. Granulometric separation was

performed as described by (Speroni et al. (2019)), using a 2 mm-sieve. After the granulometric
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separation processes, two samples were generated: F1 (particles > 2 mm) and F2 (particles < 2
mm). F1 and F2 were grounded in a knife mill (Marconi®, MA 630 model, Brazil) and deffated
using n-hexane (Goulart et al., 2013).

Micronization of F1 and F2 was performed using a high impact planetary ball mill
(Retsch Co, Germany, PM 100 model), with a stainless steel jar (250 mL of capacity) and six
balls. Ball milling conditions were based on our previous study that estimated the best condition
to reduce IDF/SDF ratio for F1 and F2 (Speroni et al., unpublished data). Then, 15 grams of
samples were micronized in the high impact ball mill at 500 r min* for 5 h. After micronization
of F1 and F2, two new samples were obtained: F1AG and F2AG. Thus, four samples were used
in this study, namely F1, F2, FLAG and F2AG, which had respectively the following soluble
dietary fiber content: 0.9, 9,9, 0.6 and 15.8 g/100 g dry matter.

2.2 Static in vitro digestion method

The simulated gastrointestinal static in vitro digestion was performed as described by
Minekus et al. (2014). The experiment sequentially simulates all phases of digestion, starting
with oral phase, followed by gastric and intestinal phases. After intestinal digestion, samples
were centrifuged to separate the potentially absorbable fraction (AF), which comprises the
soluble fraction that is available for absorption (bioaccessible) and the non-absorbable fraction
(NAF), which comprises the insoluble fraction that will not be available for absorption and will
reach intact the large bowel. Three independent runs were conducted for each sample.

For the salivary digestion (S), 5-g samples (F1, F2, FLAG and F2AG) were incubated
in a simulated salivary fluid (pH= 7), containing 75 U/mL a-amylase under stirring at 37°C for
2 min. Thereafter, the pH of the digested content was adjusted to approximately 3 (using 1 M
HCI) and the gastric phase (G) was simulated by adding 7.5 mL of simulated gastric fluid and
pepsin (2500 U/mL) to a final volume of 20 mL, followed by incubation at 37 °C under agitation
for 2 h. After that, to simulate the intestinal step, the pH of the mixture was adjusted to pH 7,
using 1 M NaOH, followed by addition of 11 mL of simulated intestinal fluid, 800 U/mL
pancreatin solution and bile salts solution. Incubation media was adjusted to 50 mL and samples
were incubated at 37 °C for 2 h. Thereafter, samples were centrifuged (1700 x g, 10 min) to
separate the supernatant (AF) and solid residue (NAF) fractions. Samples were stored in liquid
nitrogen before the analysis of phenolic compounds and antioxidant capacity. Enzymes and

bile salts were obtained from Sigma Aldrich (Saint Louis, MO).
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2.3 UHPLC-MS analysis of phenolics and other related compounds

Phenolics and other related compounds were extracted from undigested OP fractions
and from samples of all phases of digestion using methanol:water (75:25 v/v) as described by
Lozano-Sanchez et al. (2011). Samples were filtered with a PTFE filter (0.22 um) before the
injection in the ultra high performance liquid chromatograph (UHPLC) system.

Phenolic compounds were quantified using a triple-quadrupole Shimadzu UHPLC Mass
Spectrometer (LCMS-8045; Japan). The UHPLC was equipped with a binary pump, degasser,
communication module, oven column and an automatic injector. Samples were injected (10 pL)
onto a reverse-phase column Shim-pack C-18 XR-ODS (2.2 um; 30 x 2 mm) at 25 °C. Mobile
phases were water with 0.25% acetic acid (mobile phase A) and methanol (mobile phase B) at
0.2 mL/min. The gradient elution was set as follows: 5% B from 0 to 1 min; 35% B from 1 to
2 min; 60% B from 2 to 4 min; 95% B from 4 to 5 min; 60% B from 5 to 6 min; 20% B from 6
to 6.5 min; and 5% B from 6.5 to 7 min. The triple-quadrupole mass spectrometer was used to
quantify the phenolic compounds in MRM spectrum mode. The equipment was operated with
an Electrospray lonization Source (ESI), with the following conditions: interface temperature
of 300 °C, heating gas flow at 10 L/min, nebulizing gas flow at 3 L/min, drying gas flow at 10
L/min, interface voltage of 3000 V.

Calibration curves were constructed using commercial standards of hydroxytyrosol,
oleuropein, luteolin, apigenin and caffeic acid (Sigma Aldrich, Saint Louis, MO). These
compounds were quantified in the samples and results were expressed as mg of phenolic
compound per 5 g of sample. Secoiridoids, such decarboxymethyl oleropein aglycone (3,4-
DHPEA-EDA) were quantified as equivalents of oleuropein.

2.4 Bioaccessibility index, recovery index and residual intestinal digesta index
The bioaccessibility was calculated as the amount of phenolic compounds in the AF
samples in relation to the amount of phenolic compounds found in the undigested (U) samples,

according to following formula:

Absorbable fraction
100

Bi ibility =
toaccessibliily Undigested fraction polyphenols *
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The recovery index was obtained as the percent of phenolic compounds found in the
total content digested (absorbable (AF) + non-absorbable (NAF) fractions) in relation to

undigested samples, according to the formula:

(AF + NAF) 10
Undigested fraction polyphenols X

Recovery index =

The residual intestinal digesta index (RID) represents the amount of phenolic
compounds that will not be available for absorption and will attain the large bowel. RID was
calculated as the percent of phenolic compounds in the non-absorbable fraction (NAF) relative

to the undigested (U) samples:

NAF
Undigested fraction polyphenols X

Residual intestinal digesta index = 100

2.5 Antioxidant capacity analysis

Oxygen radical absorbance capacity (ORAC) was determined as described by Ou,
Hampsch-Woodill, and Prior (2001). This method measures the peroxyl radical scavenging
capacity of antioxidant extracts assessed as their ability to inhibit the loss of fluorescein
fluorescence caused by AAPH (2,2’-azobis (2-amidinopropane) dihydrochloride). The results

were expressed as mmol equivalents of trolox per 5 g of sample.

2.6 Statistical analyses

Two-way ANOVA (95% of confidence level) was used to assess the recovery index,
bioacessibility and residual intestinal digesta index followed by post hoc Tukey’s test. Three-
way ANOVA (95% of confidence level) followed by the post hoc Tukey’s test was used to
assess changes in the content of phenolic compounds during the phases of in vitro digestion and
antioxidant capacity of in vitro digestion. Data obtained from undigested samples and each in
vitro digestion steps of F1, F2, FLAG and F2AG were from three independent assays for each
sample. Principal component analysis (PCA) was run using Pirouette Software Pirouette
version 3.11 (Infometrix, USA) to discriminate samples according to their changes in the
content of polyphenols along the digestion phases.
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3. Results and discussion

3.1 Bioaccessibility and transformation of phenolic compounds during in vitro digestion

Olive phenolic compounds are of great interest for human nutrition due to its protective
effects against cardiovascular diseases, cancer and obesity (Karkovic Markovic, Toric,
Barbaric, & Jakobusic Brala, 2019). Changes in the content of phenolic compounds during the
in vitro digestion of granulometrically separated and micronized OP can be observed in Figure
1. Before digestion, hydroxytyrosol, oleuropein and 3,4-DHPEA-EDA were found at higher
content in F1 than F2, FLAG and F2AG. In addition, luteolin, apigenin and caffeic acid were
found at higher content in F1 and F2 than in FLAG and F2AG. Micronization caused a reduction
in the content of all compounds due to long time of sample milling (5 hours), suggesting a
change of polyphenols composition due to or thermal degradation (Uribe et al., 2013) or lower
extractability due to the formation of covalent or non-covalent bonds with other food matrix
constituents (Jakobek & Matic, 2019). Even with the drop of phenolic content, long-time
micronization caused a significant increase of soluble dietary fiber in FLAG and F2AG (11 and
~2.5 times, respectively) and therefore it is an interesting process to improve functional
properties of OP fractions (data not shown). Moreover, long times of micronization reduced the
lignin content of olive pomace (data not shown), which along with the change in soluble fiber,
can influence on the bioaccessibility of phenolic compounds. We have assessed the effect of
granulometric fractionation and long-term micronization on the digestibility of phenolic
compounds from OP.

In salivary phase (S), luteolin and apigenin content was increased for all samples (F1,
F2, FIAG and F2AG) compared to the undigested samples (Figure 1). In contrast,
hydroxytyrosol and oleuropein were not dissolved in the salivary phase only in F1 and F2
samples, while caffeic acid and 3,4-DHPEA-EDA were not dissolved in the salivary phase only
for F2 and F1 samples, respectively, when compared to the undigested samples. Although
micronized samples (FLAG and F2AG) had lower amounts of phenolic compounds than the
non-micronized samples (F1 and F2) before digestion, micronization significantly increased the
release of hydroxytyrosol (FLAG and F2AG) and oleuropein (F2AG), luteolin (FLAG and
F2AG), apigenin (FLAG and F2AG), caffeic acid (FLAG and F2AG) and 3,4-DHPEA-EDA
(F1AG and F2AG) during the salivary phase compared to the undigested samples. As can be

observed, micronization was able to increase the release of phenolic compounds from
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granulometric fractions of OP under the simulated salivary conditions (Ucar & Karadag, 2019),
which is an interesting effect as the absorption of phenolic compounds may start in the mouth.
Secoiridoids, an important group of polyphenols found in virgin olive oil, such as
hydroxytyrosol, oleuropein and derivatives have high stability during oral digestion (Quintero-
Florez et al., 2018) and our results indicate that micronization further increased such stability.
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Figure 1. Content of extractable phenolic compounds (mg 5 g* of dry matter) from granulometrically separated and micronized OP fractions
during the different phases in vitro gastrointestinal digestion.
*Different from F1 in the same digestion step. #Different from the respective fraction after grinding in the same digestion phase. $Different from the respective undigested
sample. Tukey’s test (p < 0.05). dm: dry matter, F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles < 2 mm); FIAG: Flafter micronization; F2AG: F2 after
micronization. U: undigested sample, S: salivary phase; G: gastric phase; NAF: non-absorbable fraction in the intestinal phase; AF: absorbable fraction in the intestinal phase.

3,4-DHPEA-EDA: decarboxymethyl oleuropein aglycone.
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Hydroxytyrosol from F1 and F2 samples was not detected in the gastric phase. However,
the hydroxytyrosol of micronized samples (FLAG and F2AG) were significantly increased
during the gastric phase, compared to the undigested, indicating that acid gastric conditions
favors the release of hydroxytyrosol bound to OP matrix. Thereafter, hydroxytyrosol from
F1AG was still available for absorption (dissolved) in the intestinal phase as it was selectively
concentrated in the intestinal absorbable fraction. Although hydroxytyrosol from F2AG was
found at lower concentrations in the intestinal phase, it was still found in the intestinal
absorbable fraction. Recovery index, bioaccessibility and RID index of hydroxytyrosol can be
observed in Table 1. Micronized samples (FLAG and F2AG) had higher recovery index and
bioaccessibility than the non-micronized ones, indicating that micronization increased the
amount of soluble hydroxytyrosol after intestinal digestion phase, which represents the fraction
potentially available for absorption (p < 0.05). Only FLAG presented a RID index, which
represents the fraction of phenolic compounds that will reach large bowel, is in agreement with
the high value found in the non-absorbable fraction for this compound. Phenolic alcohols such
as hydroxytyrosol and tyrosol in olive oil samples presented the highest values of
bioaccessibility in different olive cultivars (Quintero-Florez et al., 2018). The authors suggested
that compounds of secoiridoids group were hydrolyzed during digestion and it resulted in an
increase of bioaccessibility (Quintero-Florez et al., 2018). Our data suggest that the
micronization of FLAG may have contributed to increase of hydrolysis of secoiridoids in this
sample.

Oleuropein from F1 had low dissolution during the gastric phase (p < 0.05) but it was
still found at low amount in the absorbable fraction after the intestinal phase. Oleuropein from
F2 was unchanged in the gastric phase compared to the oral phase and was found at high
amount in the absorbable fraction after the intestinal phase. In addition, micronization
facilitated the release of significant amount of oleuropein in the gastric phase (FLAG and
F2AG). After the intestinal phase, oleuropein from FLAG was largely recovered in the
absorbable fraction, whereas for F2ZAG a major amount was found in the non-absorbable
fraction. Oleuropein of F1 had lower recovery index (~20.3 %) compared to F2 (~100.7 %),
indicating that F2 presented a significative content of oleuropein throughout in vitro digestion
(p < 0.05). Micronization increased the recovery index of FLAG (~246.5 %) and decreased the
recovery index of F2AG (~ 65.5 %). Oleuropein from F2 had higher bioacessibility than F1 (p

< 0.05). However, micronization contributed to increase the bioaccessibility of oleuropein in
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F1AG, reaching values similar to F1, FLAG and F2AG. This fact is explained by changes in
food matrix, that may facilitate the release of oleuropein during digestion (Gonzalez et al.,
2019). RID index was obtained only for F2AG, which indicates the presence of this compound
in the non-absorbable fraction that can also exert antioxidant properties in the colon prior to the
transformation by microbial fermentation or fecal elimination (Yu et al., 2019). Considerable
amount of oleuropein was also found after gastric and duodenal digestion of olive leaves,
indicating the stability of this compound even during digestion (Martin-Vertedor, Garrido,
Pariente, Espino, & Delgado-Adamez, 2016). The stability of oleuropein under digestive
conditions aggregates value to micronized OP fractions, because this compound is recognized
by the positive effects on health, such as antiviral, cardioprotective and antioxidant properties
(Sahin & Bilgin, 2018).

Luteolin from F1 underwent a small decrease during gastric and intestinal digestion, and
was largely concentrated in the non-absorbable fraction. Luteolin from F2 had a similar
behavior except that it was concentrated in the absorbable fraction. Although the micronized
OP samples (FLAG and F2AG) had lower amounts of luteolin than F1 and F2 before digestion,
luteolin was easily released from these samples in the gastric phase, yielding levels equal or
higher than non-micronized samples. Luteolin from micronized samples had a small decrease
during the intestinal phase but was remarkably concentrated in the non-absorbable fraction. The
recovery index of luteolin was affected by granulometric fractionation, being higher for F2
(~123 %) than F1 (~78%) (Table 1). Micronization did not change luteolin recovery index,
indicating that the particle size reduction not change the chemical structure of luteolin. Luteolin
has been shown to exhibit low bioaccessibility from fermented table olives (about 3 %)
(D'Antuono et al., 2018) and microparticles of olive leaf extract (Gonzalez et al., 2019) which
is agreement with our data for F1.

However, the bioacessibility of luteolin was 10 times higher for F2 than F1, indicating
an effect of granulometric fractionation (Table 1). Micronization caused a further increase in
the bioaccessibility of luteolin for F2AG, but did not change bioacessibility for FLAG. These
results are in agreement with the increase of luteolin content in the absorbable fraction of F2
and F2AG. Granulometric fractionation also modified the RID index (Table 1), which was
higher for F1 (~70.2 %) than F2 (~43.1 %). Micronization increase RID index in F2ZAG, which
confirm the increase of luteolin content in non-absorbable fraction.

Apigenin from F1 and F2 was unchanged during the gastric phase but underwent small
degradation or lower release in the intestinal phase and most apigenin was concentrated in the

non-absorbable fraction after intestinal digestion. Although the micronized OP samples (FLAG
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and F2AG) had lower amounts of apigenin than F1 and F2 before digestion, this compound was
easily released from these samples in the gastric phase, yielding levels equal to non-micronized
samples. Apigenin from micronized samples had a small decrease during the intestinal phase
but it was remarkably concentrated in the non-absorbable fraction. The recovery index of
apigenin was not affected by granulometric fractionation or micronization (p > 0.05; Table 1).
Low bioaccessibility rates were found for apigenin in all samples (Table 1), which is in
agreement with the low bioaccessibility of apigenin from virgin olive oil (Quintero-Florez et
al., 2018). However, micronization increased the bioaccessibility of F2AG compared to F2 (p
< 0.05). RID index was not affected by granulometric fractionation or micronization in all
samples (p > 0.05). The high RID index and low bioaccessibility values indicate that apigenin
was concentrated in non-absorbable fraction.

Caffeic acid from F2 samples was not detected in the salivary phase, whereas for F1 and
F2AG samples this compound was unchanged until the intestinal phase, when it was not
detected anymore. No caffeic acid was found in the intestinal phase in any sample. For this
reason, recovery index, bioaccessibility or RID index were not detected (Table 1). Caffeic acid
underwent a reduction of dissolution in the gastric phase and consequently was not detected in
the intestinal phase. Data on the digestibility of phenolic acids from virgin olive oils, revealed
that caffeic acid was not dissolved in the gastric and intestinal phases (Quintero-Florez et al.,
2018). Caffeic acid from cocoa powder also presented low stability in the intestinal phase,
demonstrating that caffeic acid can act only until the gastric phase (Ortega, Reguant, Romero,
Macia, & Motilva, 2009). In the gastric phase, caffeic acid was still present only in F2AG,
which can be related to the food matrix, that may have been modified by micronization process,
subsequently affecting the bioaccessibility of phenolic acids (Wang, He, & Chen, 2014).

In the gastric phase, 3,4-DHPEA-EDA (decarboxymethyl oleuropein aglycone) was
increased in F2 and F2AG but remained unchanged in F1 and FLAG compared to the salivary
phase. 3,4-DHPEA-EDA was not detected in the intestinal phase in all samples except for
F2AG that had a small amount of 3,4-DHPEA-EDA in the absorbable fraction after intestinal
digestion. In tests using low pH (similar of the stomach), this compound revealed a high
stability (Pinto et al., 2011), confirming the data obtained for F2 and F2AG in the gastric phase.
Recovery index and bioaccessibility were calculated only for F2AG (Table 1) as no 3,4-
DHPEA-EDA was detected in the intestinal phase for the other samples. Accordingly, low
bioacessibility values have been previously reported for 3,4-DHPEA-EDA from extracts
prepared of olive cake and virgin olive oils (about 5 % for both) (Quintero-Florez et al., 2018;

Rubio et al., 2014). However, it is remarkable that micronization was able to yield high



131

bioaccessibility value for 3,4-DHPEA-EDA from F2AG (~80%) (Table 1). As no result for
RID index was obtained, this indicate the absence of 3,4-DHPEA-EDA in non-absorbable

fraction for all samples (Table 1).
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Table 1. Recovery index, bioaccessibility and residual intestinal digestion index of phenolic compounds from olive pomace fractions assessed
before and after micronization.

Recovery index (%) Bioaccessibility (%0) RID index (%)
Phenolic — — — — — —
Compounds Before grinding After grinding Before grinding  After grinding Before grinding  After grinding
F1 F2 F1AG F2AG F1 F2 F1AG F2AG F1 F2 FIAG F2AG
Hydroxytyrosol 0.4 +0.0%8 2.9 + 4936 + 5460.0 + 02 + 14 + 361.0 + 53600 + 02 + 14 + 1326+ 00 =
0.12B 18.26A 97.02A 0.02B  0.12B 11.85A 97.58A 0.00A 0.13A 6.5%4 0.00A
Oleuropein 20.3+3.6%8 100.7 * 2465 + 655+55° 203 100.7 = 164.0 + 1219 =+ 0.0A 0.0%A 0.0PB 744 +
6.58A 4.62A + 6.58A 48.624 13.5%A 7.28A
3.6°B
Luteolin 77.9+47°A 1236 + 86.0+0.6°A 1229 + 84 + 805 + 55+09°4 3100 + 702 * 431 + 821 + 1218+
8.02A 18.3%A 0.7°A  4.4°B 38.73A 4.08A 4.5PB 1.1bA 8.62A
Apigenin 117.2 + 100.8 + 96+16.9%A 97.3 + 72 = 156 £ 0.0bA 365 + 1099+ 852 + 96.0 * 939 =+
11.12A 11.98A 16.23A 1212 2.83B 4.13A 10.02A 11.43A 17.02A 15.82A
A
Caffeic Acid 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Decarboxymethyl  0.0%4 0.02B 0.00A 81.3+6.4* 0.0 0.02B 0.00A 81.3 + 0.0 0.0 0.0 0.0
oleuropein 6.42A
aglycone

Lower case letters indicate differences between granulometric fractions and upper case letters indicate differences in the micronization process for the same parameter (recovery
index, bioacessibility and residual intestinal digestion index). F1: Fraction 1 (particles > 2 mm); F2: Fraction 2 (particles < 2 mm); Results are mean + standard error of mean
(n=3). RID: Residual intestinal index. For samples that had hydroxytyrosol and caffeic acid levels lower than the quantification limit in the undigested samples, the limit of
detection for these compounds was adopted to calculate digestive recovery index, bioaccessibility and RID index. Limit of detection for hydroxytyrosol: 0.0002 pg/ mL. Limit
of detection for caffeic acid: 0.0001 pg/ mL.
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Micronization was particularly effective to promote the release of phenolic compounds
in the gastric phase. The increase of polyphenols in the gastric phase of digestion has been
previously observed for mushrooms and grape pomace extract that had not been micronized,
indicating that the acidic pH and digestive enzymes can facilitate the release of phenolic
compounds from some food matrices (Beres et al., 2019; Ucar & Karadag, 2019). Low pH
values have been shown to increase the stability of some phenolic compounds, i.e. caffeic acid,
and to reduce the ratio of deprotonated/protonated functional groups of dietary fiber, which will
be expected to reduce the repulsion between dietary fiber molecules and affect their association
with phenolic compounds (Jakobek & Matic, 2019).

Our results reveal that micronization likely facilitates the hydrolysis of complex
polyphenols or matrix-bound/entrapped polyphenols at acidic pH. Hydroxytyrosol can be
increased at acidic conditions due to the hydrolysis of conjugated compounds. The intestinal
phase was separated in the absorbable fraction (AF, supernatant) and the non-absorbable
fraction (NAF, solid residue) by centrifugation. The low content of hydroxytyrosol, apigenin,
caffeic acid and 3,4-DHPEA-EDA in AF demonstrates the lability of these compounds under
digestive pH and enzymatic conditions (Viuda-Martos et al., 2018). Only micronized samples
had hydroxytyrosol detected in the AF fraction, the highest bioaccessibility being observed for
F1AG (361%). Extracts of olive cake also had higher amount of hydroxytyrosol in the fraction
with potential to be absorbed than in the undigested samples (Rubio et al., 2014). Oleuropein
did not undergo much degradation during digestion and was found in a soluble state in the final
step of digestion (AF) yielding high bioaccessibility (Table 1) in F2, FLAG and F2AG (100.7,
164.0 and 104.7 %, respectively). Moreover, granulometric fractionation (F2 vs. F1 content)
and micronization (FLAG vs. F1) were able to increase the amount of oleuropein in AF. F2AG
was the unique sample that presented oleuropein in the non-absorbable fraction. Therefore, it
can be inferred that oleuropein from olive pomace fractions is available for intestinal
absorption, which is in agreement with a study that detected oleuropein and derivatives in the
bloodstream 125 min after the intake of 30 mL of extravirgin olive oil (Suarez et al., 2011).

Granulometric fractionation (F2 vs. F1 and F2AG vs. F1AG) was also effective to
increase luteolin content in the AF, resulting in 80.5% bioaccessibility for F2 and 310% for
F2AG (Table 1). Apigenin was detected at very low amounts in the AF fraction and had low
bioaccessibility for all samples. Caffeic acid suffered low dissolution during digestion and was
not detected in the intestinal step, whereas 3,4-DHPEA-EDA was detected only in F2AG
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samples. During the digestion of apples, the free form of caffeic acid was also not detected in
the intestinal fluid (Bouayed, DeulRer, Hoffmann, & Bohn, 2012). Most phenolic compounds
of OP fractions were not dissolved during digestion, which is in agreement with the results
obtained after in vitro digestion of grape and wine (Lingua, Theumer, Kruzynski, Wunderlin,
& Baroni, 2019). However, oleuropein, luteolin and apigenin remained intact until reaching the
intestinal stage.

Hydroxytyrosol from micronized samples had high recovery index, whereas for non-

micronized samples it was almost completely degraded (Table 1). Luteolin and oleoropein
presented higher values of recovery index for F2 than F1 and the overall recovery index for
luteolin was relatively elevated for all samples (around 80-120%), demonstrating that this
compound presents great stability throughout the digestion conditions. Apigenin also presented
high recovery index for all samples Caffeic acid was not recovered after simulated digestion.
3,4-DHPEA-EDA was recovered only in the F2AG samples. Then, micronization of F1 was
effective to improve the bioaccessibility of hydroxytyrosol and oleoropein (F1 vs. F1AG),
whereas for F2 micronization improved the recovery of hydroxytyrosol and 3,4-DHPEA-EDA
(F2 vs. F2AG).
Luteolin and apigenin were the compounds of non-micronized samples that had a greatest
fraction of the ingested amount being potentially able to reach the large bowel (RID index
values, Table 1). Micronization increased the RID index for hydroxytyrosol from F1AG and
for oleuropein from F2AG (Table 1).

3.2 Antioxidant capacity of in vitro digested samples

Antioxidant capacity was measured as the ability to scavenge peroxyl radicals and had
the following order for undigested samples: F1 = F2 = F2AG > F1AG (Figure 2). This result is
in agreement with the content of phenolic compounds, such as hydroxytyrosol, oleuropein,
luteolin, apigenin, caffeic acid and 3,4-DHPEA-EDA in samples. Then, long-time
micronization decreased the content of phenolic compounds and consequently the antioxidant
activity. Thermal degradation of phenolic compounds due to the frictional forces generated
during milling may underline such effect.

Antioxidant capacity of all samples increased after salivary digestion compared to the
undigested samples, while F2 and F2AG had the highest values. This can be explained by the
pH of oral phase, which can modify the scavenging potential of some phenolic compounds,

since some of these compounds are recognized to be released at the neutral pH found in mouth.
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pH is responsible for modifying the structure and physicochemical characteristic of phenolic
compounds such as some phenolic acids (Ydjedd et al., 2017). Phenolic compounds from black,
green or white tea also demonstrated good stability under oral conditions and the authors
suggested that salivar digestion can play a key role for polyphenols in vitro digestibility
(Tenore, Campiglia, Giannetti, & Novellino, 2015). The digestion of food matrix by salivar a-
amylase may be responsible for increasing the bioaccessibility of food components including
phenolic compounds (Tenore, Campiglia, Ritieni, & Novellino, 2013). In fact, hydroxytyrosol,
luteolin, apigenin and caffeic acid were increased in most samples during the salivary phase

(Figure 1), which may have contributed to increase antioxidant capacity.
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Figure 2. Antioxidant capacity in extractable polyphenols extracts from OP granulometrically

separated and micronized during the in vitro digestion steps.

*Different from F1 in the same digestion step. #Different from the respective fraction before grinding in the same
digestion step. . $Different from the respective undigested sample. Tukey’s test (p < 0.05). dm: dry matter, F1:
Fraction 1 (particles>2 mm); F2: Fraction 2 (particles<2 mm); F1AG: Fraction 1 (particles>2 mm) after
micronization; F2AG: Fraction 2 (particles<2 mm) after micronization. U: undigested sample, S: salivary phase;
G: gastric phase; NAF: non-absorbable phase; AF: absorbable phase.

After simulated gastric digestion, antioxidant capacity of non-micronized samples was
reduced (F1) or unchanged (F2) compared to the salivary phase, whereas for micronized
fractions (FLAG and F2AG) it was increased, exhibiting the highest level (Figure 2). This result
can be explained by the content of: hydroxytyrosol, luteolin, apigenin and 3,4-DHPEA-EDA.
We suggest that micronization favored the acidic hydrolysis of phenolic compounds, yielding
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products of greater antioxidant capacity. Ripe and unripe carob pulp extracts also had an
increase of ORAC values in the gastric phase. The authors demonstrate that acid pH causes
racemization of some phenolic acids, with the formation of two chiral enantiomers that may
present different biological reactivity, and consequently increase the antioxidant reactivity
(Ydjedd et al., 2017). Then, it can be suggested that micronization facilitated the release of
phenolic compounds in acidic media, enhancing antioxidant capacity under gastric conditions.

No antioxidant capacity was detected for the AF of F1. However, the AF of all other
samples had similar capacity for scavenging peroxyl radicals, that was similar to F2 and F1LAG
and F2AG. Dialyzed fractions of berries, grape pomace extract and grape pomace flour had
lower ORAC values after in vitro digestion (Beres et al., 2019; Marhuenda et al., 2016). Non-
absorbed fractions of F1, F2 and FLAG presented similar antioxidant capacity compared to the
AF and undigested samples. F2AG had 2-fold higher antioxidant capacity in the NAF compared
to the other samples in NAF and to the undigested one. This finding is possibly explained by
oleuropein, which was found only in the NAF of F2AG. Oleuropein has great antioxidant
potential, although its derivative, hydroxytyrosol, has even higher antioxidant capacity (Jilani,
Cilla, Barbera, & Hamdi, 2016). The non-absorbable fraction will reach the colon. Then, the
remarkable antioxidant capacity of F2AG in NAF deserves further investigation to determine
its functional properties against colonic disorders associated to oxidative stress such as
inflammatory bowel diseases. These results indicate that micronization is a green technology
to improve nutraceutical properties of olive pomace fractions as it increased the antioxidant

capacity of the absorbable fraction of F1, as well as of the non-absorbable fraction of F2.

3.3 Principal Component Analysis

Principal component analysis was used to determine the similarities in the metabolic
profile of phenolic compounds for the different olive pomace fractions during digestion (Figure
3). The model used was constituted by four PC’s and explained 94.2% of data. PC1 vs. PC2
analysis allowed to discriminate 5 different groups of samples, PC1 explaining 52.92% and
PC2 explaining 24.09% of differences among samples. The absorbable fraction of FLAG was
discriminated into a separate group (Figure 3A) that was directly correlated to the presence of
higher amount of hydroxytyrosol and oleuropein as can be seen in loading graphs (Figure 3B).
Samples from the salivary and gastric phases of F1 and F2 were grouped in a portion near to
the terminal and in the bottom and were associated to higher amounts of luteolin and apigenin.

Samples from the gastric phase of F2AG were grouped separately from the other samples and
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were associated to higher concentrations of hydroxytyrosol, oleuropein, caffeic acid and 3,4-
DHPEA-EDA compared to other samples. This behavior is related to the antioxidant capacity
measured by ORAC, which was higher in the gastric phase of F2AG. Samples of F1 and F2
undigested, salivary phase of FLAG and F2AG and gastric phased of FLAG was grouped in the
middle portion of graph. The group formed is related to higher amounts of caffeic acid in
samples and medium values to hydroxytyrosol and oleuropein. Undigested F1LAG and F2AG,
non-absorbable fraction of F1, F2, FLAG, F2AG and absorbable fraction of F1 and F2 were
grouped in the left middle of graph. Then, these results confirm that the micronization of F2
was an efficient method to improve antioxidant capacity under gastric conditions.
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Figure 3. Principal component analysis (PCA) of phenolic compounds of undigested samples
and after digestion steps of granulometric and micronized fractions of olive pomace. Scores (A)

and correlations loading (B) plots of PCA analysis.

F1: Fraction 1 (particles>2 mm); F2: Fraction 2 (particles<2 mm); F1AG: Fraction 1 (particles>2 mm) after
micronization; F2AG: Fraction 2 (particles<2 mm) after micronization. U: undigested sample, S: salivary phase;
G: gastric phase; NAF: non-absorbable phase; AF: absorbable phase. F1 (S): salivary phase of fraction 1
(particles>2 mm); F2 (S): salivary phase of fraction 2 (particles<2 mm); FLAG (S): salivary phase of fraction 1
(particles>2 mm) F2AG (S): salivary phase of fraction 2 (particles<2 mm). F1 (G): gastric phase of fraction 1
(particles>2 mm); F2 (G): gastric phase of fraction 2 (particles<2 mm); FLAG (G): gastric phase of fraction 1
(particles>2 mm) F2AG (G): gastric phase of fraction 2 (particles<2 mm). F1 (NAF): non-absorbable phase of
fraction 1 (particles>2 mm); F2 (NAF): non-absorbable phase of fraction 2 (particles<2 mm); FLAG (NAF): non-
absorbable phase of fraction 1 (particles>2 mm) F2AG (NAF): non-absorbable phase of fraction 2 (particles<2
mm); F1 (AF): absorbable phase of fraction 1 (particles>2 mm); F2 (AF): absorbable phase of fraction 2
(particles<2 mm); FLAG (AF): absorbable phase of fraction 1 (particles>2 mm) F2AG (AF): absorbable phase of
fraction 2 (particles<2 mm); HYTY: hydroxytyrosol; OLE: oleuropein; CAF: caffeic acid; 3,4-DHPEA-EDA:
decarboxymethyl oleuropein aglicone; LUT: luteolin; API: apigenin.

Conclusions

Micronization of olive pomace fractions largely improved the release of phenolic

compounds in the salivary and gastric phase of in vitro digestion and increased the
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bioaccessibility of some phenolic compounds studied, such as hydroxytyrosol, oleuropein,
luteolin and 3,4-DHPEA-EDA. Moreover, micronization increased the antioxidant capacity of
olive pomace fractions in the gastric phase of digestion and yielded remarkably higher
antioxidant capacity in the non-absorbable fraction of F2 after intestinal digestion, which may
have colonic beneficial health effects. Then, micronization is an effective method to increase
the bioaccessibility of phenolic compounds and antioxidant capacity of OP during digestion.
Thus, particle size reduction is expected to increase the intestinal absorption of phenolic
compounds from olive pomace fractions and can be further investigated as green technology to
improve the nutraceutical properties of this agro-industrial waste.
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5 DISCUSSAO

O volume de residuo gerado na pratica da olivicultura vem aumentando em
consequéncia do acréscimo anual de oliveiras com potencial produtor, bem como o incremento
das areas de plantio. Tal fato vem preocupando produtores, pois no Estado do Rio Grande do
sul ainda ndo ha praticas para um destino apropriado do bagaco de oliva, o qual é devolvido ao
solo para enriquecimento ou realizado o processo de compostagem. Contudo, o potencial deste
residuo vai muito além de ser utilizado como adubo ou material combustivel, como é
empregado na Europa (MANFREDINI & SCHIANCHI, 2019). O alto teor de polifendis e fibra
alimentar deste subproduto demonstra a importancia de sua exploragdo, principalmente visando
finalidade nutricional. Estudos com biscoitos feitos a partir de bagaco de oliva, com o objetivo
de enriquecer o produto em polifendis, mostraram efeitos positivos da ingestdo, com efeitos no
intestino grosso, elevando a producao metabdlica da microbiota intestinal (CONTERNO et al.,
2019). Isso demonstra que o bagaco de oliva pode exercer ainda efeitos mais positivos sobre a
salide, devido a composi¢do. Outros estudos avaliaram a producdo de massas do tipo espaguete
utilizando residuo pastoso proveniente da extracdo do azeite (pasta de oliva) como substituto
de farinha de sémola de trigo grano duro. Os resultados obtidos foram satisfatorios, € 0s novos
produtos tiveram um incremento no teor de polifendis e fibras. Além da composicéo, relatou-
se melhoria dos pardmetros tecnoldgicos da massa, com destaque a reducdo do teor de amido
disponivel e elevacdo do teor de amido resistente. A substituicdo de 10% da farinha de trigo
pela farinha de residuos da extracdo do azeite de oliva foi aprovada considerada aceitavel pelo
painel sensorial (PADALINO et al., 2018; SIMONATO et al., 2019). Dessa forma, faz-se
necessario maiores estudos a respeito das potenciais aplicacdes e dos efeitos dos compostos do
bagaco de oliva e demais subprodutos no organismo.

A presenca de compostos caracterizados por menor aproveitamento pelo organismo,
como a lignina, € um dos fatores que desestimulam pesquisas sobre propriedades nutricionais
do bagaco de oliva. O presente estudo avaliou métodos de modificacdo da matriz, utilizando
processos simples, faceis de implementar e que podem contribuir com redugdes no impacto
ambiental, como o fracionamento granulométrico seguido de micronizacéo.

O fracionamento granulométrico foi um método simples no qual foram empregadas
peneiras e separacdo manual do residuo ainda Umido. Desta selecdo por tamanho, obteve-se
duas amostras (F1 > 2 mm e F2 < 2 mm) com caracteristicas distintas, tanto quimica quanto
fisicamente. Embora os granulos obtidos para Fle F2 tenham apresentado caracteristicas

morfoldgicas semelhantes quando visualizados atraves da microscopia eletrénica de varredura,
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as amostras apresentaram diferengas na composi¢do, como no teor de polifendis extraiveis,
taninos hidrolisaveis e condensados (Manuscrito 1), sendo que todos estes compostos
apresentaram um incremento na F2. Além disso, o perfil de compostos fendlicos também foi
modificado, no qual F2 apresentou maiores teores de hidroxitirosol e luteolina. A composi¢ao
das fracOes do bagaco de oliva diferiu quanto ao teor de cinzas, proteina bruta, gordura e fibras
total, insolavel, soltvel e lignina. Contudo, F2 apresentou caracteristicas nutricionais
importantes. Esta amostra apresentou uma elevacdo no contetdo de fibra alimentar soltvel e
reducdo de lignina quando comparada a F1. Assim, as propriedades quimicas podem fazer desta
uma fonte alternativa de compostos bioativos, devido ao teor de polifendis e fibra soltvel.
Como confirmacdo da obtencdo de um produto com caracteristicas nutracéuticas, F2 mostrou
maior capacidade antioxidante nos trés métodos estudados (DPPH, ABTS e ORAC). Além
disso, f2 apresentou melhoria nas propriedades funcionais e tecnoldgicas para esta amostra
(Manuscrito 2), como maior capacidade de retencdo de agua e 6leo, maior solubilidade e maior
capacidade de ligagdo a cations. Os resultados obtidos foram suficientes para afirmar que o
fracionamento granulométrico € um processo eficiente para modificar a matriz do bagaco de
oliva. O estudo destas propriedades em matérias-primas € de suma importancia para viabilizar
0 uso do bagaco de oliva pela industria, pois assim é conhecida sua aplicabilidade e potenciais
beneficios que pode acarretar ao produto final, como melhoria da umidade, textura, além de
fortificacdo nutricional. O fracionamento granulométrico vem mostrando que a divisdo de uma
amostra usando como critério o tamanho das particulas tem efeito sobre as caracteristicas dos
novos produtos formados e também exercem efeitos benéficos nos produtos aos quais sao
agregados (DANIEL et al.; 2006; SEGUNDO et al., 2017).

A micronizacdo das fragBes granulométricas do bagaco de oliva também mostrou
resultados promissores. Para este método, foram realizados dois estudos, nos quais foram
testados tempos reduzidos (minutos) e prolongados de moagem (horas). Ambos 0s tempos
utilizados apresentaram diferencas no tamanho de particula e uma padronizacéo na distribuicao
do tamanho destas, em relacdo as respectivas amostras ndo micronizadas. Contudo a moagem
com tempos prolongados apresentou menor tamanho médio de particula, devido a maior
exposicdo das amostras ao impacto gerado no moinho planetario de bolas. A rigidez das
particulas € uma caracteristica importante para trabalhnos com moagem. No nosso estudo, F1
apresentou maior quantidade de carogos da oliva do que F2, o que pode contribuido para uma
menor eficiéncia na reducao do tamanho de particula, por ser um material mais rigido e menos
quebradico (ZHAO et al., 2018). A micronizacao utilizando tempos reduzidos aumentou a

extratibilidade de polifendis extraiveis para ambas as amostras e polifendis hidrolisaveis para
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F1AG. Isso ¢é explicado pelo aumento area superficial das amostras, elevando também sua
reatividade com os solventes de extracdo (CHAU et al., 2007). Isso também se refletiu no teor
de gordura, o qual aumentou com a reducdo do tamanho das particulas, devido a maior
extratibilidade. Menores tempos de moagem reduziram o teor de lignina de ambas as amostras,
destacando-se F1AG, a qual apresentou uma redugdo percentual maior. Isto significa um
incremento da solubilidade desta amostra rica em carocos frente a detergente acido. Este efeito
ja tem sido demonstrado em outros trabalhos os quais testaram outros subprodutos como palha
de milho (WU et al., 2018).

Embora uma moagem de minutos ja apresente resultados satisfatérios, o uso de tempos
prolongados apresentou alteragcdes mais pronunciadas nas caracteristicas fisicas e quimicas das
fracbes do bagaco de oliva. As amostras submetidas a uma baixa rotacdo e cinco horas de
processamento no moinho de bolas tiveram suas morfologias alteradas, ficando com aspecto
mais poroso ou rugoso, com mais fraturas e partes irregulares, demonstrando uma modificacéo
na estrutura fisica dos granulos do p6 formado. Além disso, reducdo no teor de fibra insoltvel
combinada com o acréscimo de fibra soltvel foi observada para FLAG e F2AG, seguida
também de uma reducdo mais pronunciada no teor de lignina. Dessa forma, observa-se que a
micronizacédo exerce influéncia sobre a composi¢éo de fibra da amostra, causando a ruptura de
estruturas mais externas e rigidas da parede celular, como a lignina, podendo liberar/expor
compostos mais internos como hemicelulose e celulose. Entdo, observa-se uma redistribuigédo
nas fracoes de fibra alimentar, causando também impactos sobre a solubilidade da amostra,
conforme obtido neste estudo. Estes resultados confirmam o que vem sendo exposto na
literatura, na qual ha relatos de modificaces nas fracGes fibrosas de diversas amostras como
banana nanica e bagaco de uva provindo da vinificagdo (SEGUNDO et al., 2017; ZHU et al.,
2014). Destaque também deve ser dado ao teor de fibra alimentar solGvel atingido por F2AG
(aproximadamente 15.8 %). Este teor € considerado elevado para fibra solivel em matrizes
vegetais. Alimentos como a linhaga, que tem aproximadamente 11 % de fibra soltvel faz com
que esta seja indicada nutricionalmente como um ingrediente funcional rico em fibras (NANDI;
GOSH, 2015). Assim, a obtencdo de F2AG demonstra amplo potencial de aproveitamento do
bagaco de oliva, com énfase na producdo de alimentos nutracéuticos, devido a associacdo do
alto teor de fibra solivel e presenca de polifenois da oliva, reconhecidos pelo potencial na
prevencado de doencas (SHAHIDI; AMIGAIPALAN, 2015).

Mesmo com uma composicao rica em moléculas que apresentem efeitos benéficos a
salde do consumidor, sdo necessarios ensaios que demonstrem a viabilidade deste composto

no organismo. Com isso, a bioacessibilidade dos compostos deve ser estudada, de modo a
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caracterizar uma amostra de acordo com o comportamento dos compostos ao longo das etapas
intestinais. A bioacessibilidade é importante para elucidar quais compostos estdo sollveis e
disponiveis para a absorcao intestinal (ANSON et al., 2009). Compostos antioxidantes como 0s
polifendis sdo reconhecidos por apresentar dificuldade de serem absorvidos no trato
gastrointestinal, por isso muitas vezes exercem um status antioxidante no intestino grosso e
também podem atuar como substrato para a microbiota intestinal (JAKOBEK; MATIC, 2019;
MOLINO et al.,, 2019). As fracdes granulométricas do bagaco de oliva e as respectivas
micronizadas pelo tempo de 5 horas foram submetidas ao teste de digestibilidade in vitro e
apresentaram diferencas no comportamento em cada etapa avaliada (salivar, gastrica, fragdo
absorvivel e ndo absorvivel, Manuscrito 3). A micronizacdo aumentou a solubilidade de
hidroxitirosol, oleuropeina, luteolina, apigenina, acido cafeico e 3,4-DHPEA-EDA durante a
digestdo salivar podendo-se sugerir que a liberagcdo destes compostos possa comecar na boca.
A micronizacdo aumentou os teores de polifendis na fase gastrica em relacdo as amostras ndo
digeridas, logo houve maior liberagdo dos compostos hidroxitirosol, luteolina, apigenina e 3,4-
DHPEA-EDA para as duas fracdes micronizadas. Oleuropeina e acido cafeico apresentaram
aumento na fase gastrica somente para F2AG. Assim, esta amostra apresentou maior liberacédo
de todos os compostos em pH acido estomacal. Na fracdo absorvivel (FA), somenteF1AG
apresentou hidroxitirosol na composi¢do, com alto indice de bioacessibilidade. A oleuropeina
apresentou maiores teores na fracdo absorvivel para ambas as amostras micronizadas,
refletindo-se também em uma maior bioacessibilidade. Esses resultados sdo positivos, pois
estes dois compostos sdo majoritarios no azeite de oliva, além de contribuirem para efeitos
benéficos que o consumo de azeite acarreta a saude (TUCK; HAYBALL, 2002). Luteolina e
apigenina apresentaram baixa bioatividade e permaneceram em maior quantidade na fragdo néo
absorvivel. Quando avaliada a capacidade antioxidante das diferentes fracGes (submetidas ou
ndo a micronizacdo) ao longo das etapas intestinais observa-se que as amostras micronizadas
(FLAG e F2AG) apresentaram maior capacidade antioxidante nas etapas salivar, gastrica e
duodenal ndo absorvivel. Atencdo especial deve ser dada a amostra F2AG, a qual apresentou
aumento significativo na capacidade antioxidante ao longo da digestdo. 1sso demonstra que a
reducdo do tamanho de particula pode promover a liberacdo de moléculas antioxidantes da
matriz, de acordo com o pH do meio, podendo contribuir para aumentar a capacidade
antioxidante da digesta. Dessa forma, F2AG apresenta potencial para ser explorada na
prevencéo e/ou tratamento de doengas gastrintestinais associadas ao stress oxidativo, tais como

gastrite e doencas inflamatdrias intestinais.
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A micronizagdo mostrou ser um eficiente método para modificagfes na estrutura da
matriz alimenticia e estas estdo diretamente relacionadas com o tempo de exposicdo da amostra
durante a moagem, bem como a velocidade de rotacdo utilizada no moinho planetario de bolas.
O fracionamento granulométrico gerou amostras com caracteristicas benéficas, com destaque a
F2, a qual apresentou maior teor de polifendis, maior capacidade antioxidante, maior teor de
fibra alimentar solivel e menor teor de substancias de dificil absor¢do pelo trato gastrointestinal
como a lignina. A micronizacao de F2, com tempos prolongados potencializou as caracteristicas
fisicas e quimicas, propondo-se uma melhoria desta. Mesmo que a micronizagdo desta amostra
tenha resultado na degradacdo dos compostos fenolicos, esta deve ser valorizada pela sua
composicgdo rica em fibra alimentar solGvel, por apresentar boas propriedades tecnoldgicas e
funcionais e também devido a liberacdo de polifendis ao longo do processo digestivo. A
capacidade antioxidante ao longo das etapas da digestéo in vitro em relacdo as demais amostras
também é um fator positivo que valoriza este produto, pois por mais que a fracdo de polifendis
seja reduzida, a diminuicdo do tamanho de particula j& foi suficiente para que 0s compostos
atuassem na maior eliminacdo de radicais peroxil. Logo, este efeito pode ser responsavel por
aumentar o status antioxidante em determinadas etapas da digestdo, beneficiando a saude. Dessa
forma, diferentes produtos foram obtidos a partir do bagaco de oliva, cada um podendo
apresentar suas potencialidades de uso, dependendo das caracteristicas, composi¢cdo e

finalidade na producao de alimentos.
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6 CONCLUSAO

O fracionamento granulométrico do bagaco de oliva, combinado com o processo de
micronizacdo, mostra potencial para geracdo de produtos com caracteristicas nutracéuticas. O
fracionamento granulométrico pode ser um método simples e sustentavel para producéo de um
po rico em compostos fenolicos e fibra alimentar. A micronizacdo em diferentes condigdes de
moagem leva a producdo de dois produtos pulverizados com composicdo e propriedades
diversificadas. A micronizacdo do bagago de oliva em tempos reduzidos potencializou a
capacidade antioxidante, o que é consequéncia do aumento da extratabilidade de compostos
com potencial antioxidante como os polifendis. Além disso, a moagem ultrafina em tempos
prolongados é responsavel por causar um rearranjo nas fracGes de fibra alimentar, refletindo-se
no aumento da solubilidade da amostra e melhoria das propriedades funcionais e tecnologicas
e possibilita o uso deste produto. Ensaios de digestao in vitro demonstraram que a micronizagédo
exerce efeitos promissores aumentando a bioacessibilidade dos compostos fendlicos ao longo
do trato gastrointestinal. Percebe-se que a micronizagdo pode agregar valor ao bagaco de oliva
e a selecdo do tratamento desejado (tempos prolongados ou reduzidos) pode se basear nas
caracteristicas desejaveis do produto, com énfase no aumento do teor de polifendis e alta
capacidade antioxidante ou na reducdo do teor de lignina e melhoria da composicao da fibra
alimentar. Logo, a geracédo destes produtos pulverizados pode ser uma alternativa para agregar
valor ao bagaco de oliva, além de suprir a demanda de mercado por ingredientes bioativos. Em
face disso, o fracionamento granulométrico e a microniza¢do sdo uma alternativa para reduzir

o impacto ambiental gerado pelo descarte inadequado do residuo na cadeia da olivicultura.
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