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RESUMO

ESTRATEGIAS DE UTILIZACAO DA NOZ PECA [Carya illinoinensis (Wangenh) C.
Koch]: OBTENCAO DE OLEO POR FLUIDOS PRESSURIZADOS E APLICACAO
DE EXTRATOS BIOATIVOS EM FILME BIODEGRADAVEL

AUTORA: Jamila dos Santos Alves
ORIENTADORA: Claudia Severo da Rosa

Este trabalho teve por objetivo avaliar os processos de obtencdo do éleo da noz pecé e
da torta de noz pecé por fluidos pressurizados (diéxido de carbono - CO; e gas liquefeito de
petréleo - GLP ), bem como elaborar extratos bioativos da torta de noz pecad (TNP) e aplica-los
em filmes biodegradaveis e comestiveis. Para a obtengdo dos Oleos foi elaborado um
planejamento 22 com triplicata no ponto central variando as condigdes de pressio e temperatura.
Para a extracdo com CO2 pressurizado utilizou-se pressdo de 150-250 bar e temperatura de 20-
60 °C; para a extragcdo com GLP pressurizado utilizou-se pressdo de 10-25 bar e temperatura de
20-40 °C. O estudo da extracdo do 6leo da noz peca buscou avaliar o rendimento de extracao,
atividade antioxidante, perfil de acidos graxos, compostos bioativos (esqualeno e -sitosterol),
e 0s parametros de qualidade quimica dos 0leos. Os maiores rendimentos foram observados a
250 bar / 20 °C e 10 bar / 20 °C para as extra¢des de CO2 e GLP, respectivamente. Todos 0s
Oleos apresentaram inibicdo do radical DPPH acima de 70%. O &cido oleico foi o acido graxo
predominante em todas as amostras. Os maiores valores de compostos bioativos (esqualeno ¢ B
-sitosterol) foram encontrados nos 6leos extraidos com CO2. O 6leo da torta da noz peca foi
caracterizado em termos de rendimento de extracdo, perfil de acidos graxos, qualidade lipidica,
conteudo de esqualeno e B-sitosterol e qualidade fisico-quimica. Os maiores rendimentos foram
obtidos a 250 bar/ 20 °C (CO2) e 10 bar / 20 °C (C-LPG). O perfil quimico dos 0leos é
caracterizado principalmente por acidos graxos, onde os acidos oleico e linoléico foram os
compostos majoritarios encontrados em todas as amostras. Teores de esqualeno e B-sitosterol
também foram obtidos nos 6leos. Os resultados mostraram que 0 TNP é uma biomassa
interessante para extracdo de Oleo e cujos processos de separacdo utilizando fluidos
comprimidos sdo uma opcao atrativa para processa-lo. Para a obtencdo dos extratos foi utilizado
um planejamento 22 com triplicata no ponto central onde avaliou-se a influéncia dos parametros
de extracdo, como graduacdo alcodlica do etanol (%) e tempo de extracdo (min) no teor de
compostos fendlicos. A condicdo que apresentou o maior teor de compostos fenolicos totais
(101.61 mg GAE/g) foi a que utilizou a menor concentracdo de alcool e menor tempo de
extracdo (condicdo 1 - 65% alcool / 20 min), sendo a condicdo escolhida para ser incorporada
nos filmes. A adicdo de 10 e 20% de extrato da TNP nos filmes mostrou um aumento da
elongacdo da ruptura, provocou um aumento na opacidade e escurecimento dos filmes. A
incorporacdo do extrato da TNP nos filmes aumentou significativamente a atividade
antioxidante.

Palavras-chave: CO. pressurizado. GLP pressurizado. Extratos bioativos. Filmes
biodegradaveis.






ABSTRACT

STRATEGIES FOR THE USE OF NUTS PECA [Carya illinoinensis (Wangenh) C.
Koch]: OBTAINING OIL BY PRESSURIZED FLUIDS AND APPLICATION OF
BIOACTIVE EXTRACTS IN A BIODEGRADABLE FILM

AUTHOR: Jamila dos Santos Alves
ADVISOR: Claudia Severo da Rosa

This work aimed to evaluate the processes of obtaining pecan oil and pecan pie by pressurized
fluids (carbon dioxide - CO2 and liquefied petroleum gas - LPG), as well as to elaborate
bioactive extracts of pecan nut cake (PNC) and apply them to biodegradable and edible films.
To obtain the oils, a planning 2% was prepared with a triplicate at the central point, varying the
pressure and temperature conditions. For extraction with pressurized CO., a pressure of 150-
250 bar and a temperature of 20-60 °C were used; for the extraction with pressurized LPG, a
pressure of 10-25 bar and a temperature of 20-40 °C were used. The study of pecan oil
extraction sought to evaluate the extraction yield, antioxidant activity, fatty acid profile,
bioactive compounds (squalene and B-sitosterol), and the chemical quality parameters of the
oils. The highest yields were observed at 250 bar / 20 °C and 10 bar / 20 °C for CO2 and LPG
extractions, respectively. All oils showed DPPH radical inhibition above 70%. Oleic acid was
the predominant fatty acid in all samples. The highest values of bioactive compounds (squalene
and fB-sitosterol) were found in oils extracted with CO>. PNC oil was characterized in terms of
extraction yield, fatty acid profile, lipid quality, squalene and B-sitosterol content and physical-
chemical quality. The highest yields were obtained at 250 bar / 20 °C (CO3) and 10 bar / 20 °C
(C-LPG). The chemical profile of oils is mainly characterized by fatty acids, where oleic and
linoleic acids were the major compounds found in all samples. Squalene and [B-sitosterol
contents were also obtained in the oils. The results showed that PNC is an interesting biomass
for oil extraction and whose separation processes using compressed fluids are an attractive
option to process it. To obtain the extracts, a planning 22 with triplicate was used at the central
point where the influence of the extraction parameters, such as ethanol alcohol content (%) and
extraction time (min) on the content of phenolic compounds, was evaluated. The condition that
presented the highest content of total phenolic compounds (101.61 mg GAE / g) was the one
that used the lowest alcohol concentration and the shortest extraction time (condition 1 - 65%
alcohol / 20 min), being the condition chosen to be incorporated into the films. The addition of
10 and 20% TNP extract to the films showed an increase in the elongation of the break, causing
an increase in the opacity and darkening of the films. The incorporation of the PNC extract in
the films significantly increased the antioxidant activity.

Keywords: Pressurized CO». Pressurized LPG. Bioactive extracts. Biodegradable films.
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1 INTRODUCAO

No Brasil, os pregos acessiveis da noz pecd [Carya illinoinensis (Wangenh) K. Koch]
levaram os produtores a expandir seus pomares, com isso a popularizagao desse fruto aumentou
consideravelmente nas Ultimas décadas (REIS et al., 2020). Além disso, essa expansdo também
foi alicercada pelo crescente consumo de nozes aliados aos beneficios proporcionados a saude
(MARTINS et al., 2018).

As nozes sdo normalmente consumidas cruas, torradas ou salgadas, além de serem
usadas como ingrediente em uma variedade de produtos de panificagdo e confeitaria
(SHAKERARDEKANI et al., 2013). Apesar de ser muito consumida na forma in natura, o
aumento da demanda de consumidores por Oleos vegetais saudaveis vem impulsionando o
processamento da noz pecé para a obtencéo de dleo.

A utilizacdo da noz pecd para obtencdo de Oleo tambeém é alicercada pela grande
quantidade desse nutriente presente em sua composicao, aproximadamente 93% da noz pecé é
composta de lipidios (até 75%, p / p) (KIRALAN et al., 2020). O 6leo é predominantemente
composto por &cidos graxos insaturados, sendo o &cido oleico e linoleico presentes em maiores
quantidades (SALVADOR et al., 2016). Além disso, 0 6leo de noz pecd também contém
tocoferois, fitoesterois e outros micronutrientes (DOMINGUEZ-AVILA et al., 2015). Estudos
clinicos com seres humanos revelam que consumir nozes pode desempenhar um papel
importante na reducéo do risco de doengas cardiacas e melhora no perfil lipidico sérico, esses
beneficios sdo devido ao seu alto teor de acidos graxos insaturados (RAJARAM et al., 2001).
E importante salientar que a noz pecd ndo fornece somente lipidios para a dieta, elas também
sdo ricas em proteinas, carboidratos, vitaminas, minerais e compostos bioativos
(AMAROWICZ et al., 2017; USDA, 2018).

Diferentes métodos de extracdo de 6leos vegetais tém sido empregados, sendo que se
destacam a prensagem e a extracao por solventes. Embora se produza um 6leo de boa qualidade,
o rendimento da extracdo por prensagem é muito baixo, ocasionando a perda do 6leo. Processos
que utilizam solventes liquidos deixam menos de 1% de Gleo residual, que é um indice pelo
menos cinco vezes menor do que com o uso da prensa (BOSS, 2000). No entanto, durante a
etapa de recuperacdo/separacdo do solvente, podem ocorrer problemas de transformacéo
oxidativa dos 6leos (SEBASTIAN et al., 1998) prejudicando a qualidade final do produto.

Por outro lado, métodos ditos ndo-convencionais, como a extracdo utilizando fluidos
pressurizados parece um método mais atraente, esse tem apresentado eficiéncia nas extracdes
de Oleos vegetais (PEDERSSETTI et al, 2011; ABAIDE et al, 2017; SCAPIN et al, 2017a;
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SCAPIN et al, 2017b), minimiza alteracbes quimicas e degradacdo de compostos sensiveis ao
calor, o Gleo é obtido em temperaturas relativamente baixas e livre de residuos de solventes
organicos (BOZAN e TEMELLLI, 2002; YIN et al., 2005; SPARKS et al., 2006).

A torta da noz peca é um subproduto da prensagem a frio das nozes para obtencdo do
6leo, e apresenta um percentual de 6leo elevado (36-59%) ap0s a extracdo (SALVADOR et al.,
2016). Além disso, a torta da noz pecd é rica em carboidratos, proteinas, fibra alimentar,
minerais, compostos fendlicos e taninos condensados (SARKIS et al., 2014; ALVAREZ-
PARRILLA et al., 2018; GALVAO MACIEL et al., 2020). Atualmente, estudos que utilizam a
torta da noz pecd como matéria-prima para obtencdo de compostos biologicamente ativos sao
escassos. Desta forma o seu reaproveitamento e sua utilizacdo para a obtencdo de compostos
de interesse, possibilita a valorizagédo biologica e nutricional, além da agregacéo de valor deste
subproduto.

Uma alternativa bastante interessante é a recuperacdo do 0leo residual da torta da noz
pecd, assim seria possivel utilizad-lo na industria alimenticia para enriquecer a composicao
quimica de alguns alimentos. SALVADOR et al. (2016) utilizaram diferentes técnicas de
extracdo (Soxhlet, ultrassom e fluido supercritico) para recuperar esse Oleo. Os maiores
rendimentos de extracdo foram obtidos quando se utilizou a extracéo por Soxhlet (69,6% com
etanol e 64% com acetona) seguida da extracdo com fluido supercritico (58.4%). O acido oleico
foi o principal acido graxo encontrado no 6leo recuperado da torta de noz pecé.

Outra possibilidade é extrair os compostos bioativos presentes na torta da noz peca e
utiliza-los como ingredientes ou aditivos pelas industrias alimenticia, farmacéutica e cosmética.
Atualmente, na indastria de alimentos ha uma grande preocupacdo com o destino das
embalagens plasticas que envolvem os alimentos, pois € um item que é descartado ao chegar ao
consumidor ou ap6s 0 consumo do produto embalado.

Em todo 0 mundo, mais de 400 milhdes de toneladas de plastico sdo produzidas a cada
ano, sendo que apenas 9% sdo recicladas. Desse montante, no ano de 2017 o setor de
embalagens, o qual inclui a area de alimentos, consumiu 158 milhdes de toneladas de plastico
sendo a maioria descartavel (CATERBOW e SPERANSKAYA, 2020). No Brasil, depois da
construcdo civil (22,5%), o setor que mais consome produtos plasticos € o de alimentos,
responsavel por 20,3% desse total (ABIPLAST, 2019).

O alto consumo de embalagens plasticas e a baixa taxa de reciclagem leva ao acimulo
gradual de plasticos no meio ambiente e o descarte de milhdes de toneladas de plastico em
aterros sanitarios a cada ano (MOSTAFAVI e ZAEIM, 2020). Diante disso, a crescente
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preocupacdo em relacdo a poluicdo ambiental produzida pelos plasticos levou pesquisadores a
desenvolverem filmes biodegradaveis e comestiveis (SEDAYU et al., 2019).

Os biopolimeros sdo os principais ingredientes utilizados na elaboragdo de filmes, no
qual se incluem as proteinas, gorduras e polissacarideos, eles podem ser utilizados sozinhos ou
combinados (THARANATHAN, 2003; UMARAW e VERMA, 2017). O amido é considerado
um dos candidatos mais promissores por causa de seu pregco baixo, abundancia e
comportamento termoplastico (JIMENEZ et al., 2012). A gelatina tem sido extensivamente
estudada para a elaboracdo de filmes devido sua resisténcia e principalmente flexibilidade,
sendo eficaz também como barreiras as trocas gasosas, contudo possuem baixa resisténcia ao
vapor de agua (WOLF, 2007). Assim, a elaboracdo da mistura de biopolimeros, as quais
combinam as propriedades de dois ou mais biopolimeros em uma Gnica solucdo filmogénica,
apresentam-se como uma boa estratégia para melhorar as caracteristicas dos filmes. Com o
intuito de obter filmes biodegradaveis ativos, agentes antioxidantes e antimicrobianos sdo
adicionados aos filmes, assim esses compostos podem ser migrados da embalagem para o
alimento de modo a estender a sua vida Gtil (PINEROS-HERNANDEZ et al, 2017).

Diante ao exposto, a obtencdo do 0leo de noz peca por fluidos pressurizados como o
CO.e 0 GLP torna-se uma alternativa atrativa e inovadora frente aos metodos convencionais de
extracdo. E utilizar a torta de noz pecad como matéria prima para extracdo de compostos

bioativos valoriza esse produto que € subutilizado pela industria de extragédo de 6leo.
2 OBJETIVOS
2.1 OBJETIVO GERAL

Avaliar os processos de obtencdo do 6leo da noz peca e da torta de noz pecé por fluidos
pressurizados (CO2e GLP ), bem como elaborar extratos bioativos da torta de noz peca e aplica-
los em filmes biodegradaveis e comestiveis.
2.1.1 Objetivos Especificos

[ Extrair o 6leo da noz peca e da torta da noz pecd utilizando CO; supercritico e GLP

pressurizado e avaliar a influéncia das condicbes de pressdo e temperatura no processo de

extracao;
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(1 Determinar o rendimento global de cada extragdo, comparar os rendimentos com 0s
obtidos por Soxhlet, e estabelecer quais séo as condi¢cdes de maior rendimento;

(1 Avaliar a cinética da extragdo dos 6leos;

[1 Avaliar a qualidade fisico-quimica e antioxidante dos 6leos extraidos;

(1 Determinar o perfil de acidos graxos dos éleos extraidos;

[ Identificar e quantificar o teor de esqualeno e 3- sitosterol, por cromatografia gasosa
dos 6leos extraidos;

[1 Obter extratos da torta da noz peca utilizando o método convencional de agitacgao;

[1 Quantificar o contetdo de fendlicos dos extratos da torta da noz peca;

(1 Aplicar o extrato que obteve melhores resultados de compostos fenélicos em filmes
ativos biodegradaveis e comestiveis pelo método de casting;

[1 Caracterizar os filmes obtidos quanto a espessura, permeabilidade ao vapor de agua,
solubilidade em &gua, &ngulo de contato, propriedades mecanicas (-tensdo na ruptura e
elongacao na ruptura), propriedades opticas e microscopia eletronica de varredura

(1 Determinar a atividade antioxidante (DPPH) in vitro dos filmes;

[1 Acompanhar a biodegradabilidade do filme depositado em solo.

2 REVISAO BIBLIOGRAFICA

2.1 NOZ PECA

A noz peca [Carya illinoinensis (Wangenh.) K. Koch] € uma cultura indigena originaria
dos Estados Unidos, com producdo comercial iniciada ha pouco mais de 100 anos, desde entéo,
a sua producdo se estendeu para a Australia, Africa do Sul, Israel, Argentina, Chile e Brasil
(WAKELING et al., 2001).

No Brasil a nogueira pecd, tem sua maior producdo na regido Sul do pais, por ser uma
espécie tipica de clima temperado (GIROTTO et al., 2016). Sendo que o estado do Rio Grande
do Sul destaca-se como produtor, produzindo cerca de 2.561 toneladas de nozes, e as cidades
com maior area destinada ao cultivo sdo Cachoeira do Sul com 610 ha, Anta Gorda com 150
ha e Minas do Ledo com 110 ha (IBGE, 2014).

A nogueira pecd é uma arvore que alcangca uma altura de 30 metros e chega a uma idade
superior aos 100 anos produzindo mais de 100 kg de nozes por planta (FRUSSO, 2007). O fruto
é uma drupa, agrupando-se em cachos que contém normalmente de trés a sete unidades, com

epicarpo que se separa do fruto na maturacdo (Figura 1) (BRISON, 1974).
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As nozes sdo consumidas de forma in natura ou processada, ha empresas especializadas
no seu processamento que oferecem produtos como a noz descascada, farinha e, em menor
escala, seu 6leo (MARTINS et al., 2017).

Figura 1 - Cacho de noz pecé

Fonte: Paralelo 30.

Disponivel em: http://pecan.com.br/.

2.1.1 Composicao Nutricional da Noz Peca

A composicdo nutricional da noz pecé (Figura 2) produzida no sul do Brasil, apresenta
cerca de 3,7% de umidade, 7,8% de carboidratos, 9,9% de proteinas e 7,8% de fibras totais.
Além disso, apresenta um contetdo médio de 1,4% de cinzas, sendo considerada fonte de
minerais tais como calcio, ferro, magnésio, fosforo e zinco (VONDERHEIDE et al., 2002; ORO
et al., 2008; HADDAD, 2011).

A noz pecd é caracterizada pelo alto contetdo de 6leo (65,93 —78,07%), é rica em acidos
graxos insaturados, especialmente acidos graxos mono-insaturados (MUFAS), seguidos por
acidos graxos poli-insaturados (PUFAS). O acido graxo predominante no 6leo da noz pecéd é o
acido oleico (C18:1), que constitui cerca de 70% -78% (SCAPINELLO et al., 2017). Entre 0s
PUFAs, o acido linoleico (C18:2) apresenta quantidades elevadas (17,69 — 37,52)
(VENKATACHALAM et al., 2007). Os &cidos palmitico e estedrico sdo principais acidos
graxos saturados com 4,7% -5,4% e 2,3% -2,5%, respectivamente (PRADO et al., 2013).
Alimentos ricos em MUFAs e PUFAs, como a noz peca, apresentam beneficios a salde, pois
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contribuem para a reducdo das fracbes de lipoproteina de baixa densidade (LDL) e de muito
baixa densidade (VLDL), responsaveis, em parte, pelo aumento do colesterol sérico
(DAMASCENO et al., 2013).

Figura 2 - Noz pecd

Fonte: Paralelo 30 Sul.
Disponivel em: http://pecan.com.br/.

O ¢6leo da noz pecéd também ¢é rico em esterdis vegetais, conhecidos como fitoesterois,
contendo valores que variam de 102 a 157 mg / 100 g, principalmente B-sitosterol (89 - 117 mg
/100 g), A5-avenasterol (cerca de 15 mg/ 100 g), campesterol (5 - 6 mg / 100 g) e estigmasterol
(3mg /100 g) (SEGURA et al., 2006). O interesse atual nos fitoesterdis deve-se principalmente
ao fato de que esses compostos séo agentes efetivos de reducgédo do colesterol (DE JONG et al.,
2003) e, portanto, protegem contra doencas cardiovasculares. O 6leo da noz pecd é uma fonte
alimentar de a-tocoferol (12,2 = 3,2 mg / g), y-tocoferol (168,5 + 15,9 mg / g) e esqualeno
(151,7 £ 10,8 mg / g) (RYAN et al., 2006).

A noz peca também é uma rica fonte de compostos fendlicos (2016 mg GAE / 100 g) e
sdo relatadas por apresentar maior quantidade desses compostos quando comparada a nove tipos
diferentes de nozes, sdo elas: améndoas (418 mg GAE / 100 g), castanha do Brasil (310 mg
GAE / 100 g), castanha de caju (274 mg GAE / 100 g), avelas (835 mg GAE / 100 g),
macadamias (156 mg GAE / 100 g), amendoim (396 mg GAE / 100 g), pinhdo (68 mg GAE /
100 g), pistache (1657 mg GAE / 100 g) e nozes (1556 mg GAE / 100 g) (WU et al ., 2004).
Os compostos fenolicos apresentam atividade antioxidante, e podem inibir a acdo de enzimas,

como as lipoxigenases, responsaveis por alteracbes oxidativas (SHAHIDI e ZHONG, 2005).
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2.1.2 Torta da Noz Peca

O 6leo de noz-pecd é comestivel, e apesar do consumo ser pouco difundido, possui um
mercado consumidor promissor, devido as suas qualidades nutricionais e caracteristicas
sensoriais de 6leo gourmet (MARTINS et al., 2017).

A torta da noz pecd (Figura 3) é o subproduto da prensagem a frio das nozes para
obtencdo do 6leo, e apresenta um percentual de éleo elevado (36 — 59%) apds a extracdo
(SALVADOR et al., 2016). Marchetti et al. (2017) analisaram a torta de noz peca e verificaram
que os acidos graxos principais foram o acido oleico (65,10 g / 100 g) e linoleico (28,6 g/ 100
g), seguidos pelo &cido linolénico (1,33 g/ 100 g), além disso possui 13,20% de fibra alimentar,
13,20% de proteina, 11,96% de carboidratos e 3,67% de cinzas. Sarkis et al. (2014) extrairam
compostos fendlicos soliveis em agua de tortas industriais de diferentes sementes e nozes, e
verificaram que dentre as matrizes estudadas a torta da noz pecd obteve o maior teor de
compostos fenolicos (690 mg / 100 g), bem como a maior atividade antioxidante pelo método
de ABTS (34,125 pumol / L equivalente em Trolox).

Apesar de seu alto teor de 0leo, elevado valor nutricional e caracteristicas sensoriais
agradaveis, a torta € normalmente empregada como racéo animal, sendo caracterizada por ser
um subproduto de baixo valor comercial (SALVADOR et al., 2016). Sendo assim, este
subproduto apresenta um grande potencial econémico para a recuperagdo de compostos de

interesse nutricional.

Figura 3 - Torta da noz pecé

Fonte: Autora.
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2.2 TECNICAS UTILIZADAS PARA OBTENCAO DE OLEOS

2.2.1 Extracdo Mecanica

A prensagem é 0 método mais popular para extrair o 6leo das sementes oleaginosas
(SINGH e BARGALE, 2000) e baseia-se na separacdo sélido-liquido pela aplicacdo de forcas
de compressédo (BRENNAN et al., 1990).

As vantagens da extragdo mecanica sdo: baixo custo inicial de instalacao; pode ser usado
em operacdes de até 3 mil t/d de capacidade; ndo emprega solventes, o0 que reduz o custo de
processamento e do 6leo obtido; e produz um éleo que pode ser consumido sem necessidade de
refino (OETTERER et al., 2006). No entanto, a eficiéncia da extracdo por prensagem € bem
inferior aquela obtida pelo tradicional método de extragcdo por solvente, sendo afetada
diretamente pelas condi¢des iniciais dos grdos, como o teor de umidade e temperatura, e por
aspectos construtivos da prensa (PIGHINELLI et al., 2008). A prensagem também pode reduzir

a vida util dos compostos ativos devido ao oxigénio e exposicao a luz (HERRERO et al., 2006).

2.2.2 Extracéo por Solvente Organico

A extracdo de 6leo de matrizes solidas por solvente, também chamada de lixiviacdo ou
extracdo solido-liquido, € um processo que envolve o contato da matéria prima com um solvente
adequado, capaz de solubilizar, transportar e dissolver o 6leo de dentro para fora da matriz
(DAHLSTROM et al., 1997).

Nesse processo, 0 0leo é obtido por meio de extracdo com solvente quimico organico,
o solvente utilizado atualmente € o hexano, com ponto de ebulicdo proximo de 70 °C
(MANDARINO, 2001). Esse solvente organico é o preferido no processo de extracdo, por ser
0 mais seletivo, possuir estreita faixa de ebulicdo e ser imiscivel com a agua, 0 que evita
misturas azeotrépicas (MORETTO e FETT, 1998). No entanto, sua inflamabilidade, alto custo,
potencial poluidor ambiental, téxico e possivelmente carcinogénico a satude (Kemper, 1997),
justificam o estudo de alternativas ao seu uso. Ainda, para cada tonelada de grdo processado,
cerca de 2 litros de solvente sdo perdidos no meio ambiente, e por essa razdo 0 processo de
extracdo de Oleos vegetais é considerado pelos 6rgdos de protecdo ambiental como uns dos

maiores responsaveis pela emissdo de gases do efeito estufa (SCHWARZBACH, 1997).
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2.2.3 Extracéo por CO; Supercritico

A tecnologia supercritica foi utilizada pela primeira vez com a finalidade de extrair
6leos comestiveis e seus compostos no inicio dos anos de 1970 (BRUNNER, 2005). Atualmente
essa tecnologia vem sendo industrialmente empregada na obtencéo de diferentes produtos tais
como: obtencdo de extratos de plantas para fins cosméticos, extracdo de 6leos essenciais de
plantas e a produgdo de tabaco sem nicotina (MANTELL et al., 2013). Essa técnica tem vérias
vantagens em relacdo aos métodos convencionais devido a auséncia de solvente retido nos
extratos, extracdo em baixa temperatura, elevada qualidade do produto e menor uso de energia
(MOSLOVAC et al., 2014).

Um fluido supercritico é definido como uma substancia que se encontra acima de sua
temperatura critica e pressdo critica (KNEZ et al., 2014). O ponto critico representa as
condicdes de pressdo e temperatura nas quais a fase liquido e gas deixam de existir, e a fase de
fluido supercritico surge (Figura 4) (MANTELL et al., 2013).

Figura 4 - Diagrama de fases em condic6es de fluido supercritico
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Fonte: Adaptado de Mantell et al. (2013).

Uma das caracteristicas do fluido supercritico é apresentar simultaneamente
propriedades dos gases e dos liquidos. Nas regifes proximas ao ponto critico o fluido tem
densidade e difusividade similares a de liquido, porém viscosidade comparavel a dos gases.
Assim, um fluido supercritico apresenta bom poder de solvatacdo e alta difusividade
(TAYLOR, 1996).
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A principal desvantagem da utilizacdo dessa tecnologia é o aumento dos custos de
investimento, se comparada as técnicas tradicionais de extracdo a pressdo atmosférica
(REVERCHON e DE MARCO, 2006). Ainda assim, € um dos poucos processos que
apresentam capacidade de produzir produtos isentos de solventes e de lidar com material de alta
viscosidade (BRUNNER, 2005).

O principal solvente utilizado na extracdo supercritica € o diéxido de carbono (COy),
pois permite operacbes supercriticas com pressdes relativamente baixas e temperaturas
préximas a ambiente (Tc = 31,1 °C; Pc = 73,8 bar), além disso € atoxico, inerte, ndo inflamavel,
ndo corrosivo, nao poluente e esta facilmente disponivel com elevada pureza e baixo custo
(MANTELL et al., 2013). Outra vantagem € que o CO, é gasoso a temperatura e pressao
ambiente, 0 que torna muito simples a recuperacao do extrato livre de solvente, alem disso as
extracbes com CO2 podem ser conduzidas em temperaturas amenas, 0 que permite a extracao
de compostos termolabeis ou facilmente oxidaveis (HERRERO et al., 2010).

A extracdo com CO: subcritico opera de maneira semelhante a extracdo com CO;
supercritico, exceto que opera abaixo do ponto critico de temperatura e pressao de COz. Ao
contrério da extracdo com CO; supercritico, um dleo extraido por CO> subcritico apresenta a
coloragcdo mais clara, retem uma maior quantidade de componentes bioativos, contéem menos
ceras e resinas (TAN et al., 2018).

2.2.4 Extracao por Liquido Pressurizado

Existem varias técnicas baseadas no uso de fluidos pressurizados que tém em comum
uma maior eficiéncia em relacdo a utilizacdo de processos a atmosfera convencional,
envolvendo condi¢bes operacionais que permitam que os solventes adquiram propriedades
fisico-quimicas que ndo s&o atingiveis de outra forma (SANCHEZ-CAMARGO et al., 2017).

Alguns estudos tém sugerido a utilizacdo de propano (Zanqui et al., 2015; Trentini et
al., 2017; Teixeira et al., 2018;) e n-butano (Novello et al., 2015; Rapinel et al, 2017; Sun et al.,
2018) para a extracdo de Gleo de matrizes vegetais. Quando esses gases sdo liquefeitos, suas
propriedades fisico-quimicas sdo ideais por possuirem solubilidade em lipidios (YANG et al.,
2004). Ainda, possuem vantagens significativas pois requerem uma quantidade pequena de
solventes e permite uma extracdo mais rapida do que os metodos classicos (HU et al., 2011).

Uma alternativa interessante ao uso desses solventes supracitados seria a utilizacdo de
GLP pressurizado, pois € um fluido relativamente barato, limpo e prontamente disponivel
(SILVA et al., 2013; BIER et al.,, 2016). Recentemente diversos trabalhos demonstram a
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eficiéncia do GLP na extracdo de 6leos quanto ao rendimento, tempo de extracdo e qualidade
do extrato (SOARES et al., 2016; ABAIDE et al., 2017; SCAPIN et al., 2017a; SCAPIN et al.,
2017Db).

2.3 FILMES ANTIOXIDANTES BIODEGRADAVEIS

Plésticos de origem petroquimica tém sido amplamente utilizados nas industrias de
alimentos e embalagens, mas 0 uso extensivo gerou um sério impacto sobre a poluicdo
ambiental ja que esses materiais requerem centenas de anos para se degradar em compostos
basicos (DA ROCHA et al., 2018).

Recentemente, filmes a base de polimeros biodegradaveis surgiram como uma
alternativa promissora as embalagens de polimeros petroquimicos principalmente devido a sua
natureza ecoldgica (JACOB et al., 2020). Os polimeros biodegradaveis (também chamados de
biopolimeros) estdo associados ao uso de matérias-primas renovaveis, como as proteinas,
gorduras e polissacarideos (THARANATHAN, 2003; UMARAW & VERMA, 2017). Além da
biodegradabilidade, esses polimeros possuem propriedades vantajosas como, suplementacéo do
valor nutricional dos alimentos, incorporacéo de propriedades antioxidantes e antimicrobianas,
origem renovavel, custo relativamente baixo e o fato de que ndo possuem impacto negativo
sobre 0 ambiente comparado ao material plastico tradicional (SAM et al., 2015).

A oxidacdo é uma das reacOes de degradacdo mais importantes que ocorrem nos
alimentos, limitando assim sua conservacdo (NERIN et al., 2008). A incorporacio de extratos
vegetais antioxidantes em filmes biodegradaveis permite a obtencdo de filmes ativos que
promovem a vida Gtil e a valorizacdo dos produtos, essa € uma alternativa interessante
principalmente devido os extratos serem de origem natural e apresentar propriedades bioativas
(MIR et al., 2018). A principal vantagem dos filmes adicionados de extratos vegetais é que o
composto antioxidante é reforcado na matriz polimérica em vez de ser adicionado diretamente
no alimento (JACOB et al., 2020). Sendo adicionado deste modo, oferece vantagens como
menores quantidades de substancias ativas necessarias, atividade focada na superficie do
produto, liberacdo controlada para a matriz alimentar e eliminacdo de etapas adicionais no

processo de producdo necessarias para adicdo de antioxidantes (BOLUMAR et al., 2011).

2.3.1 Biopolimeros utilizados em filmes

2.3.1.1 Gelatina
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A gelatina € oriunda do abate e processamento de suinos, bovinos, animais marinhos e
avicolas, é produzida pela hidrdlise do coldgeno dos 0ssos, pele e tecidos conjuntivos desses
animais (KHAN e SADI, 2020). A gelatina é um polipeptideo de alto peso molecular composto
por amino&cidos: principalmente glicina (27%), hidroxiprolina e prolina (25%) (WANG et al.,
2009).

A gelatina € extensivamente estudada por sua capacidade de formar filme, esses
apresentam propriedades mecénicas satisfatdrias, umidade relativa intermediéria e excelentes
propriedades de barreira ao oxigénio, no entanto, essas caracteristicas sdo prejudicadas pela alta
sensibilidade & umidade e natureza hidrofilica da gelatina (GOMEZ-GUILLEN et al., 2009;
BAKRY et al., 2017.

As propriedades mecanicas e de barreira dos filmes de gelatina podem ser melhoradas
pela incorporacao de outros biopolimeros como proteinas, lipidios e polissacarideos e atraves
da modificacdo da rede polimérica por meio da reticulacdo das cadeias da gelatina (agentes
quimicos, agentes fisicos, adicdo de extratos vegetais e adicdo de enzimas (HOSSEINI et al.,
2018).

2.3.1.2 Amido de milho

O amido, é o polissacarideo de reserva da maioria das plantas, ocorre amplamente na
natureza e € comumente utilizado como hidrocoléide alimentar (DA ROCHA et al., 2018). Sua
molécula é composta de dois tipos de polimeros de d-glicose: amilose (20% -30%) e
amilopectina (70% —80%) (RYDZ et al., 2018).

O amido de milho se destaca como um potencial e 0 mais promissor biopolimero para
ser utilizado como filme em alimentos por causa de sua abundancia, economia e excelente
capacidade de formacdo de filmes (THAKUR et al., 2019). Filmes a base de amido sdo
insipidos, inodoros, incolores, comestiveis e possuem baixa permeabilidade ao oxigénio em
ambientes com baixa umidade (THE et al., 2009). No entanto, os filmes a base de amido
possuem alta sensibilidade a agua e propriedades mecéanicas deficientes (LIU et al., 2021). O
desempenho dos filmes a base de amido pode ser melhorado com a adicdo de plastificantes,
mistura de outros biopolimeros e adicdo de extratos vegetais (JHA et al., 2020).

Para a elaboracédo da solugdo filmogénica, o amido deve ser aquecido com a agua. Com
0 aumento da temperatura, os granulos de amido vibram intensamente, rompendo as ligacdes
intermoleculares, estabelecendo ligagGes de hidrogénio com a 4gua e causando uma diminuicéo

no nimero e no tamanho das regides cristalinas. Dessa forma, a viscosidade da solugdo aumenta
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consideravelmente, adquirindo um aspecto gelatinoso devido ao inchago dos granulos de amido
e a adesédo de uns aos outros (RODRIGUES et al., 2021).

2.3.1.3 Método casting para elaboragéo de filmes

Basicamente, os filmes sdo estruturas autbnomas pré-formadas separadamente e
aplicadas na superficie do alimento, entre os componentes do alimento, ou mesmo embalagens
seladas comestiveis (OTONI et al., 2017). O método de casting é o método mais utilizado para
a formacdo de um filme em escala de laboratorio e piloto. Este método envolve trés etapas para
preparar um filme a partir de biopolimeros: i) Solubilizacdo do biopolimero em um solvente
adequado, ii) fundicdo do solu¢do no molde, iii) secagem da solucdo fundida (RHIM et al.,
2006).

A principal vantagem do método de fundi¢do de formagéo de filme é o facilidade de
fabricacdo sem o uso de equipamentos especializados (CHEN et al., 2008). Porém, para a
producdo em escala industrial, apresenta algumas desvantagens, como tempo de processo e
custo elevados, esta ultima em funcdo do grande gasto energético para a secagem dos filmes
(MALI et al., 2010).
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Abstract

This study investigated the extraction of pecan nut oil using pressurized carbon dioxide (P-CO3)
and pressurized liquefied petroleum gas (P-LPG) at different temperature and pressure
conditions. The effect of the variables pressure and temperature on the extraction yield,
antioxidant activity, fatty acids, and bioactive compounds (squalene and B-sitosterol) were
evaluated. The highest yields were observed at 250 bar / 20 °C and 10 bar / 20 °C for the P-
CO. and P-LPG extractions, respectively. All oils presented inhibition of 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical above 70%. Oleic acid was the predominant fatty acid in all
samples. The highest values of bioactive compounds (squalene and 3 -sitosterol) were found in
oils extracted with P-CO,.

Keywords: Carya illinoinensis; Oil extraction; Fatty Acids; Squalene; p-sitosterol.

1. Introduction

The pecan nut [Carya illinoinensis (Wangenh.) K. Koch] originated in the United States
and is also cultivated in other countries such as Mexico, Australia, South Africa, Israel, Brazil,
Argentina, China, among others [1-3]. In Brazil, the pecan tree has its largest production in the
southern region of the country, and the Rio Grande do Sul is the largest producer [4, 5].

This fruit is characterized by a high oil content (65.93 - 78.08%) [6], and oleic acid is
the predominant fatty acid in the lipid fraction (62.5%) [7]. Currently, the pecan nut oil is used
as a gourmet oil and health promoter for its sensory characteristics and nutritional benefits [8].
It presents unique flavor, well appreciated in salad dressings and cooking [9] besides being a
source of unsaturated fatty acids and bioactive compounds such as tocopherols and phytosterols
[10, 11]. However, pecans do not only provide fat for diet, but they are also a source of protein,
dietary fiber, vitamins, minerals and many other bioactive substances, which are known to
provide health benefits. [12, 13].

Traditionally, plant oils from different matrices have been extracted by pressing and
organic solvents; however, these extraction procedures have limitations including low
efficiency [14] and use a large volume of toxic solvents [15], respectively. Thus, these
limitations stimulated researchers’ interest in studying oil extraction from different plant
sources using pressurized solvents. [16-19]. This type of extraction offers numerous advantages

over conventional extraction techniques as high selectivity, the absence of light and oxygen
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(which avoids oxidation), use of a low temperature, avoiding the decomposition of labile
compounds, reductions in energy consumption and the absence of polluting organic solvent
[20].

Supercritical carbon dioxide (CO2) extraction uses CO. above its critical point and
exhibits liquid-like density and gas — like viscosity and diffusion coefficients [21]. This type of
extraction is an environmentally acceptable solution since CO: is non-flammable and non-toxic,
it is a suitable lipid solvent and leaves the treated matrix free of solvent residues [22]. According
to Temelli et al. [23] much of the oil content in nuts is extracted at temperatures between 35
and 100 ° C and pressures from 90 to 700 bar. However, different studies have used conditions
in which CO2 is not in its supercritical range and reported good results in terms of yield of oil
[24], fatty acids [25], bioactive compounds [26] and aromatic compounds [27].

An alternative approach to the use of CO: is the application of liquefied petroleum gas
(LPG) as a pressurized solvent. Extraction using pressurized LPG (P-LPG) presents higher oil
yield shorter time with a consequent reduction in the consumption of solvent and the process
can be carried out at lower pressures and temperatures reducing the costs [24,28]. LPG is a
colorless liquid, available in nature at low cost, and in extractions can be used at low pressures
and temperatures with ease of separation of the final product by depressurizing the system [17,
29]. However, LPG is highly flammable, toxic and because of these characteristics requires
more care, attention and control during extraction [29].

Therefore, the use of pressurized CO, (P-CO2) and pressurized LPG (P-LPG) becomes
highly promising for the extraction of pecan nut oil. Based on this context, the main objective
of this study was to extract pecan nut oil using P-CO- and P-LPG and to evaluate the extraction
yield, antioxidant activity, fatty acids profile, bioactive compounds (squalene and B-sitosterol),

and the chemical quality parameters of the oils.

2. Materials and methods

2.1 Obtaining of samples and their preparation for extraction

Pecan nuts (varieties Barton, Cape Fear, Desirable, Cherokee, Cheyenne,
WestrenSchley, Shawnee, Choctaw, Mahan, Shoshoni, and Stuart) were supplied by Pecanita
Alimentos, in the city of Cachoeira do Sul, RS, Brazil (S: 30°02' 21" / W: 52° 53' 38").

The moisture content of the samples was determined according to the method 925.09 by
AOAC [30] to verify the need for initial drying. Martinez and Vance [31] reported that high
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moisture content is undesirable since it acts as a barrier in the mass transfer, while generally,
moisture values ranging from 3 and 10% do not cause significant impact in the final product.
The samples from this study had a moisture content of 2.88 g / 100 g, thus the drying step was
not necessary. For the extractions, the samples were ground in the Nucleo Integrado de
Desenvolvimento em Analises Laboratoriais (NIDAL) from the Federal University of Santa
Maria, RS, Brazil in a knife micro mill (Marconi MA 630) until obtaining a flour, which was

packed in dark glass containers and stored in a freezer at -18 °C for use.

2.2 Solvents and chemical reagents

COz (purity > 99.5%) was purchased from White Martins S.A. (Santa Maria, RS,
Brazil). LPG was purchased from Liquigés S.A. (Santa Maria, RS, Brazil) and consisted of a
mixture of propane (50.3 wt.%), n-butane (28.4 wt.%), isobutane (13.7 wt.%), ethane (4.8
wt.%), and other hydrocarbons minor constituents (2.8 wt.%). The standards for squalene
(98%), p-sitosterol (95%) were obtained from Sigma-Aldrich (St. Louis, MO, USA). All other
chemicals and solvents used in the experiment were of analytical grade (PA) purchased from
Vetec Fine Chemicals (Xerem, RJ, Brazil) and Sigma—Aldrich (St. Louis, MO, USA).

2.3 Solvent extraction using n-hexane

The pecan nut oil was extracted in a Soxhlet apparatus using n-hexane, for 8 h, and the
extraction yield was compared with the extractions using P-CO, and P-LPG [32]. For
extraction, 5 g of samples were used in 100 mL of n-hexane. The extractions were performed

in triplicate.

2.4 Extraction by pressurized solvents

Extractions were performed on a laboratory scale [33] composed basically by: (i) a 100
mL extraction vessel (stainless steel) with internal diameter of 2.5 cm and 19.5 cm of height,
supporting up to 350 bar; (ii) a syringe pump (ISCO 500 D, Lincoln, NE, USA), supporting up
to 250 bar; (iii) a cooling bath (Quimis, S&o Paulo, SP, Brazil) for controlling the temperature
of COzand LPG at the syringe pump; (iv) a heating bath (Quimis, Sdo Paulo, SP, Brazil) with

thermocouples; (v) a heating electric jacket to control the temperature inside the extraction
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vessel; (vi) blocking valves and micrometering valves (HIP 15-11AF2 316SS, Erie, PA, USA);
and (vii) 1/8 inch tubing of stainless steel (HIP, Erie, PA, USA).

Approximately 5 g sample was used for the extraction procedures. The solvent (CO2 or
LPG) was pumped into the bed and left for 20 min in contact with the plant matrix to stabilize
the system. A constant mass flowrate of 4 g/min of CO2 or LPG was used. The mass flowrate
was calculated from the volumetric flowrate from pump records and solvent density at the pump
reservoir conditions (5 °C and pressure of extraction).

An experimental design with 2 levels and 2 variables (2?) was used, where the
experiments at the central point were performed in triplicate (Table 1). The minimum
temperature (20 °C) was defined to use a temperature lower than the critical point of CO; (31
°C) and the maximum (60 °C) was set to avoid possible thermal degradation of the oil.
Regarding the pressure, conditions were set so that they were within the maximum pressure
limit of the equipment (250 bar).

The Kinetic extraction curves were determined according to the extracted oil mass (g)
as a function of the mass of the solvent (g CO2 or g LPG) consumed in the process until the oil
was depleted. For this purpose, in the P-CO; extraction, the mass of oil was determined every
10 min, totaling 300 min of extraction, leading to a solvent to feed ratio of 240. For the P-LPG
extraction, the mass was determined every 1 min in the first 2 min, and then after 4 min, and
every 4 min until the end of the extraction, totaling 40 min, leading to a solvent to feed ratio of
4. The densities of the P-CO; and P-LPG were obtained through the NIST Chemistry WebBook
[34].

The global yield (Xo) of extracted oil was obtained by calculating the ratio of the total
mass of extracted oil (me) to the initial mass (mi) of the samples (Eq. (1)). The oil recovery (Ro)
was determined by the ratio of the total mass of extracted oil (me) of each process and the mass
of oil extracted by Soxhlet (Msoxniet) (EQ. (2)).

Xo = (2—) x 100 (1)
Ro = (#) x 100 2)

2.5 Characterization of oils obtained by P-CO; and P-LPG

2.5.1 Antioxidant activity (DPPH radical) of the oils
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The antioxidant activity of each sample of oil was evaluated toward 1,1-diphenyl-2-
picrylhydrazyl (DPPHe) radical using the methodology described by Dal Pra et al. [35]. The
oils were diluted in absolute ethanol to a concentration of 60 mg/mL, determined by preliminary
tests. The antioxidant activity toward DPPH radical (AADPPH, %) was calculated using Eq.
(3) as the percentage inhibition related to the control, which means the complete oxidation

(100%). All analyses were performed in triplicate.

A —(A-A
Adpppy () = (222E=C200) 5 100 (3)

where Apppy IS the absorbance of DPPH solution; A and Ag are the absorbance values of the
sample and blank, respectively.

2.5.2 Fatty acid profile of the oils

The transesterification/saponification of triacylglycerols was performed as described in
the AOCS method Ce 2-66 [36], with modifications proposed by Chen et al. [37]. For that, 10
mg of the extracted oil was mixed with 100 uL of 2M KOH and 1.0 mL hexane, agitated
vigorously, and then 100 uL methyl tricosanoate (C23:0Me) standard (Sigma-Aldrich, St.
Louis, MO, USA) was added. Further stirring and subsequent centrifugation were performed at
9464 x g for 5 min (Microcentaur, MSE, England). Approximately 500 pL of the supernatant
containing the fatty acid methyl esters (FAME) in hexane was subjected to chromatographic
analysis.

The FAME of the samples was analyzed on a gas chromatograph equipped with a flame
ionization detector (GC-FID) (Varian 3400 CX, Santa Ana, CA, USA). One microliter of each
sample was manually introduced with a syringe into the split/splitless injector operating in a
split mode 1:30 at 250 °C. Hydrogen gas was used as a carrier gas at a constant pressure of
172.369 kPa. FAMESs were separated on Supelco SP-2560 capillary column (100 m x 0.25 mm
x 0.20 um) (Bellefonte, PA, USA). The initial column temperature was 140 °C, remaining for
5 min, increasing up to 180 °C at 8 °C / min. Subsequently, the temperature increased to 210
°C at arate of 4 °C / min and finally increased to 250 °C at a rate of 20 °C / min, remaining for
7 min. The flame ionization detector was maintained at 250 °C. The identification of the

compounds was performed by comparing the retention times of the analytes with the retention
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times of FAME Mix-37 (Sigma-Aldrich, Darmstadt, HE, Germany). The results were obtained

by summing the peak area and expressed in %.

2.5.3 Determination of squalene and g-sitosterol

The non-saponifiable fraction was obtained by the official method (Ce 12-16) [36], with
modifications. For that, 0.3 £ 0.01 g of extracted oil was mixed with 5 mL of 10% methanolic
KOH solution, and heated in a 50 °C water bath for 3 h, cooled, and then 10 mL of distilled
water was added. The extract was partitioned with 5 mL of hexane three times. The organic
fraction was evaporated and reconstituted in 1 mL hexane: isopropanol solution (3:2/v:v). The
extract was analyzed in GC-FID (Varian Model 3400 CX, Santa Ana, CA, USA) as follows: 1
uL of the extract was introduced into the split/splitless injector, in the splitless mode (1 min
split-off period), at constant temperature of 250 °C. Hydrogen was used as a carrier gas at a
constant pressure of 172.369 kPa. The compounds were separated using a capillary column
BPX 5 CB (25 m x 0.22 mm x 0.20 um) (RGE, Melbourne, VIC, Australia). The column
temperature was 60 °C for 1 min, increasing to 300 °C at a rate of 20 °C / min, and remaining
for 23 min. The detector was maintained at a temperature of 280 °C. The identification of the
compounds was performed by comparing the retention times of the analytes with the respective

standards. The results were expressed as mg/100g oil.

2.5.4 Chemical quality parameters of the oils

The following determinations were performed for the experiment condition with the
highest yield: acidity index (Method: Cd 3d-63); lodine value by Wijs method (Method: Cd 1-
25); refractive index in an Abbé refractometer (Method: Cc 7-25), described by AOCS [36] and
peroxide value, according to International Dairy Federation (Method: 74A) [38]. The oil

extracted by Soxhlet was subjected to the same determinations.

2.6 Statistical analysis

The software StatSoft (Inc, Tulsa, OK 74104, USA) was used to evaluate the effects of
the independent variables (pressure and temperature) on the responses (extraction yield,
antioxidant activity, fatty acid profile, squalene and B-sitosterol) of the extraction process using

P-CO> and P-LPG, considering 95% confidence level for all variables. The chemical quality
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parameters and the antioxidant activity were submitted to analysis of variance (ANOVA) and

Tukey's test at a 95% confidence level.

3. Results and discussion

3.1 Yield and recovery of pecan nut oils

The yields and recovery of pecan nut oils obtained by P-CO. and P-LPG are presented
in Table 2. For the extractions using P-CO>, the highest yield (52.26%) and the highest oil
recovery (70.46%) were reached in the condition 250 bar / 20 °C, while the lowest yield (4.77%)
and recovery (6.44%) were at 150 bar / 60 °C, which corresponds to the conditions with the
highest and lowest densities (963 and 604 kg/m?), respectively. It is noteworthy that the highest
yield was found in the condition of higher pressure and lower temperature (250 bar / 20 °C),
where CO2 was in the liquid phase. The solvation power of CO, depends mainly on its density,
which increases with increasing pressure in the isothermal process and decreases with
increasing temperature in the isobaric system [39].

When the P-LPG was used, the highest yield (76.21%) and the highest recovery
(102.70%) were observed under the lower pressure and temperature condition (10 bar / 20 °C).
It is important to point out that this condition had a yield value higher than that obtained by the
Soxhlet method (73.42%) at a lower extraction time. When comparing the extraction of pecan
nut oil using the two technologies (P-CO. and P-LPG), the extractions using the P-LPG were
faster (40 min) and presented higher yield and recovery.

Alexander et al. [40] extracted the pecan nut oil with supercritical CO and found a yield
of 14.34% (45 °C / 413 bar) to 31.6% (75 °C / 551 bar), the pressures and temperatures used in
this work are milder and in some conditions the yield values were higher than those reported
by these authors. Polmann et al. [41] extracted pecan nut oil by enzyme-assisted agqueous
extraction and found yields values of 11.6% (Celluclast®) to 47.3% (Alcalase®), some
extraction conditions used in our work presented higher yields than those found by these
authors.

The ANOVA results of the effects of pressure and temperature on extraction yield
using P-CO- and P-LPG are presented in Table 3. For the P-CO; extraction, the pressure had
directly proportional effect and the temperature had inversely proportional effect on the
response. Increasing pressure from 150 to 250 bar (at 20 and 60 °C) improves the solvation

power of the solvent, providing a higher and better permeability of the solvent into the solid
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matrix. This effect is associated with the increase in the CO, density promoting better
extraction yields. The opposite occurs with temperature, the temperature increase from 20 to
60 °C (at 150 and 250 bar) decreased the oil yield. The temperature effect on the solvation
power of CO2 has a competing effect caused by both density and solute vapor pressure.
Increasing temperature under constant pressure will decrease density but increase volatility
and vice versa. If the conditions are below “crossover” pressure, density will dominate over
the solute volatility, thus solubility decreases with increasing temperature [42].

The kinetic extraction curves of the P-CO> and P-LPG extractions are presented in Fig.
1. Throughout the extraction time with P-CO,, the extraction at 250 bar / 20 °C obtained a
higher yield when compared to the other conditions, followed by the condition 200 bar / 40 °C.

For P-LPG, the condition 10 bar / 20 °C presented a lower yield at the beginning of the
extraction, with a higher overall yield at the end of the 40 min process. The other extraction
conditions presented similar kinetic behavior. The variation of P-LPG density under the
pressure and temperature conditions of this study did not affect the efficiency of the process.

The main difference observed from the kinetic profiles of Fig. 1 is in relation to the
amount of solvent used in the process. To extract the oil present in 5g pecan nut, 1,200 g of P-
CO2 were used in 300 min of extraction and 160 g of P-LPG in 40 min of extraction. This result
is corroborated by Soares et al. [17] who used the same solvents of this study for the extraction

of rice bran oil and realized that P-LPG had higher solvation power than P-CO..

3.2 Antioxidant activity of pecan nut oils

Table 4 presents the antioxidant activity of pecan nut oils obtained under different
extraction conditions using P-CO, and P-LPG as a solvent. For the P-CO- extraction, the
conditions 150 bar / 20 °C and 250 bar / 20 °C presented the lowest antioxidant activity, with
values of 85.14% and 84.12%, respectively, while a higher activity was observed at 200 bar /
40 °C and 250 bar / 60 °C, with values of 90.18% and 94.29%, respectively. The extraction at
150 bar / 60 °C showed a very low yield and was not studied. The results corroborate with Rosa
et al. [43] who states that antioxidant compounds are extracted at pressures between 150 and
400 bar and temperatures of 40 and 60 °C.

Regarding the P-LPG extraction, condition 4 (25 bar / 20 °C) exhibited the highest
percentage of antioxidant activity (94.48%) with significant differences from the other
conditions. Salvador et al. [9] extracted the oil from the pecan nut cake using high and low

pressure techniques and found antioxidant activity values by DPPH (500 ug / mL) of 1.4% (SC-
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CO2 300 bar / 50 °C) to 93.9% (ultrasound ethanol and acetone soxhlet). In general, the use of
P-CO> or P-LPG extraction may be a promising technology for the extraction of pecan nut oil
with antioxidant activity.

Table 5 shows ANOVA results the effects of the variables studied on the antioxidant
activity of pecan nut oils extracted with P-CO> and P-LPG. For the P-CO; extraction, the
variable temperature exhibited a positive effect, showing that an increase in temperature led to
an increase in the antioxidant activity of the oils. For the P-LPG extraction, the variable pressure
showed the highest effect, demonstrating that oil with higher antioxidant activity can be
produced with increasing pressure. However, a negative effect was observed for the variable

temperature and the variable interactions.

3.3 Fatty acids profile and determination of squalene and g-sitosterol of pecan nut oils

The results of the quantification of fatty acids of pecan nut oils extracted by P-CO; and
P-LPG are presented in Table 6. Five fatty acids were identified, including C16:0 (palmitic
acid), C18:0 (stearic acid), C18:1 (oleic acid), C18:2 (linoleic acid), and C18:3 (linolenic acid).
It is observed that oleic acid was the predominant fatty acid for all conditions studied, followed
by linoleic acid. These results are consistent with that reported in the literature for oleic acid
(49-69%) and linoleic (19-40%) in pecan nut oil [44]. Alexander et al. [40] found oleic acid
ranging from 60.2 to 65.7% and linoleic acid from 22.3 to 26% in pecan nut oil extracted with
supercritical CO>. Villarreal-Lozoya et al. [45] used n-hexane as a solvent for the extraction of
the oil of different pecan nut cultivars and reported that there was a significant difference in the
content of oleic and linoleic acid between cultivars; oleic and linoleic acid ranged across from
53% to 75% and 15% to 36%, respectively.

The amount of oleic acid found in this study was higher than that reported for other nuts,
such as Para nuts (28.92%) [46], pistachios (54.59%) [47], peanuts (40.78%) [48], and lower
than the values found in hazelnuts (79.34%) [49]. The high oleic acid contents are interesting
since a diet rich in oleic acid can reduce the systolic blood pressure, thus reducing the risk of
heart disease [50], in addition to reducing the levels of low-density lipoprotein cholesterol
(LDL) in humans [51].

Table 6 shows the contents of squalene and p-sitosterol in pecan nut oils extracted with
P-CO2and P-LPG. For the P-CO; extraction, the squalene levels in the oil ranged from 9.07 to
15.61 mg/100g, while the B-sitosterol levels ranged from 15.14 to 23.41 mg/100g for the
conditions 150 bar / 20 °C and 250 bar / 60 °C, respectively. It is observed that both squalene
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and p-sitosterol presented higher levels in the conditions higher pressure and higher
temperature. In the P-LPG extraction, the squalene levels ranged from 1.68 to 4.07 mg/100g
for the extractions at 17.5 bar / 30 °C and 10 bar / 20 °C, respectively, whereas B-sitosterol
presented values ranging from 13.32 to 17.56 mg/100g for the extractions at 17.5 bar / 30 °C
and 10 bar / 40 °C, respectively. Fernandes et al. [8] studied pecan nut oil obtained by oil
pressing and found squalene content of 29.88 mg/100g, while Miraliakbari and Shahidi [52]
reported B-sitosterol values of 167 mg/100g and 175 mg/100g for extractions performed with
hexane and chloroform/methanol, respectively, which was higher than those found in the
present study.

There was no significant effect of the variables pressure, temperature and interaction of
the variables on fatty acid levels (for P-CO2 and P-LPG), squalene (for P-CO. and P-LPG) and
B-sitosterol (for P-LPG). However, as can be seen from the Pareto graph (Fig. 2), for P-CO>
extraction there was a positive effect of pressure and temperature variables, and a negative

effect of the interaction of these variables on b-sitosterol levels.

3.4 Chemical quality parameters of pecan nut oils

Table 7 presents the results for acidity index, iodine value, peroxide value, and refractive
index of pecan nut oils obtained under the condition with the higher extraction yield,
corresponding to the condition 4 (250 bar / 20 °C) and condition 1 (10 bar / 20 °C) for the P-
CO: and P-LPG extractions, respectively.

In relation to the parameter acidity, a significant difference was observed between the
samples, with the highest values (3.33 mg KOH/g) for P-CO; extraction. Considering that CO-
extraction has a relatively lower yield, the concentration of free fatty acids may be higher in the
extracted oil because CO: selectively solubilizes firstly the free fatty acids that may be present
in the sample. Salvador et al. [9] evaluated commercial pecan nut oil and found values of 1.70
to 1.90 mg KOHY/qg for the acidity.

A significant difference was observed between the peroxide values of this study, with
values of 0.49 mEQ O2/kg and 1.27 mEQ O2/kg for the P-CO; and P-LPG extractions,
respectively, which is lower when compared to the Soxhlet extraction (3.84 mEQ O2/kg). The
low peroxide value observed for P-CO, and P-LPG can be explained by the use of a closed
system in the extraction of the oil, which leads to a minimum exposure to oxidation. In contrast,
the extraction with n-hexane uses open system and in addition [53], the mixture of the oil with

the solvent is under heating favoring the oxidation. The oils produced by the P-CO, and P-LPG
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extractions are in accordance with the standards provided by the Agéncia Nacional de
Vigilancia Sanitaria do Brasil in cold-pressed extraction and unrefined oils [54] for the
parameter acidity and peroxide value, with levels of up to 4 mg KOH g and up to 15 mEQ
O2/kg, respectively.

The iodine value ranged from 136.31 to 140.18 g 1./100g for the P-LPG and P-CO>
extractions, respectively, which represents a high degree of unsaturation. No significant
differences were observed between the refractive indices, which are in agreement with the
values reported by Oro et al. [7], who found a refractive index of 1.47 in cold-pressed pecan

nut oil.

4. Conclusion

A positive effect of pressure was observed on the extraction yield of pecan nut oil
produced by P-CO; extraction, with the highest value (52.26%) observed for the condition
where CO: is in the liquid phase (250 bar / 20 °C). The P-LPG extraction presented the highest
yield (76.21%) at lower pressure and temperature conditions (10 bar / 20 °C). All oils presented
inhibition of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical above 70%. The fatty acid profile
of the oils extracted by the two methods was within the values reported in the literature, and
oleic acid was the main component in all extraction conditions. The antioxidant compounds
such as squalene and B-sitosterol were identified in both extraction processes. The chemical
quality parameters of the oils showed that they are within the standards established by the
Brazilian legislation. The P-LPG was shown to be a promising extraction solvent, providing a
higher yield in much shorter times, besides presenting good chemical quality, fatty acid profile,
and antioxidant activity. However, the need to perform additional analysis is emphasized to

verify that the extracted oil does not contain any residues of the components present in the LPG.
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Table 1: Experimental design (22) of the extraction of pecan nut oil.

P-CO2 P-LPG
Condition P (bar) T (°C) P (bar) T (°C)
1 150 (-1) 20(-1) 10(-1) 20(-1)
2 150 (-1) 60 (+1) 10 (-1) 40 (+1)
3 250 (+1) 60 (+1) 25 (+1) 40 (+1)
4 250 (+1) 20 (-1) 25 (+1) 20 (-1)
5 200 (0) 40 (0) 17.5(0) 30(0)
6 200 (0) 40 (0) 17.5(0) 30(0)
7 200 (0) 40 (0) 17.5(0) 30(0)
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Table 2: Yield and recovery of pecan nut oils obtained by P-CO; and P-LPG.

o Density  Time Yield Recovery
Condition Solvent P(bar) T (°C) )
(kg/m*)  (min) (%) (%)
1 CO: 150 20 904 300 25.35 34.17
2 CO: 150 60 604 300 4.77 6.44
3 CO: 250 60 787 300 33.53 45.19
4 CO: 250 20 963 300 52.26 70.46
5* CO: 200 40 840 300 35.37+0.30 47.68+0.41
1 LPG 10 20 215 40 76.21 102.7
2 LPG 10 40 183 40 69.06 93.08
LPG 25 40 241 40 71.20 96.22
4 LPG 25 20 244 40 69.87 94.17
5* LPG 17.5 30 227 40 67.47+0.42 90.93+0.58
Soxhlet n-hexane 1.01325** 68 613 480 73.42 100

*Condition 5 corresponds to the mean =+ standard deviation of the triplicate of the central point.
**atmospheric pressure.
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Table 3: Effect of the variables (two-way ANOVA) on the extraction yield of pecan nut oils

obtained by P-CO> and P-LPG.

Effect Standard Error p

P-CO>

Intercept 31.7171 1.8288 <0.001*
(1) Pressure 27.8350 4.8387 0.0104*
(2) Temperature -19.6550 4.8387 0.0269*
1x2 0.9250 4.8387 0.8606
P-LPG

Intercept 69.8214 1.1827 <0.001*
(1) Pressure -2.1000 3.1291 0.5502
(2) Temperature -2.9100 3.1291 0.4210
1x2 4.2400 3.1291 0.2684

1 x 2 = interaction between pressure and temperature.

* There was a significant effect considering a significance of 95%.
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Table 4: Antioxidant activity toward DPPH radical of pecan nut oils obtained by P-CO; and

P-LPG.
Pressure Temperature
Condition Solvent AAppeH (%)
(bar) (°C)
1 CO> 150 20 85.14° + 0.59
2 CO; 150 60 n.d*
3 CO; 250 60 94.292+2.79
4 CO: 250 20 84.12°+ 2.05
5 CO; 200 40 90.18 2+ 1.35
1 LPG 10 20 75.59 ¢ + 1.90
2 LPG 10 40 79.26 *°+ 0.26
3 LPG 25 40 7747 +1.91
4 LPG 25 20 94.48 2+ 2.04
5 LPG 17.5 30 81.49 °+0.89

*n.d: not determined.
Analyses performed in triplicate.
Values expressed as mean + standard deviation with different letters in the same column indicate

significant difference (p <0.05) by the Tukey’s test.



Table 5: Effect of the variables (two-way ANOVA) on the antioxidant activity of
pecan nut oils obtained by P-CO, and P-LPG.
Effect Standard Error p

P-CO>

Intercept 90.1800 0.7752 <0.001*
(1) Pressure -1.9500 2.4514 0.5098
(2) Temperature 11.1000 2.4514 0.0455*
1x2 -0.9300 2.4514 0.7409
P-LPG

Intercept 81.6114 0.2801 <0.001*
(1) Pressure 8.5500 0.7410 0.0014*
(2) Temperature -6.6700 0.7410 0.0029*
1x2 -10.3400 0.7410 <0.001*

1 x 2 = interaction between pressure and temperature.

* There was a significant effect considering a significance of 95%.
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Table 6: Fatty acids profile (%total fatty acids) and bioactive compounds (squalene

and p-sitosterol) (mg/100g) of pecan nut oils obtained by P-CO> and P-LPG.

P-CO. C16:0 C18:0 C18:1 C18:2 C18:3 Squalene B-sitosterol
1 4.68 1.55 71.60 21.56 0.61 9.07 15.14
2 n.d n.d n.d n.d n.d n.d n.d
3 4.72 1.35 67.84 24.65 0.52 9.60 23.41
4 4.41 1.22 64.84 29.02 0.50 15.61 22.59
5 457+043 155+0.17 69.32+156 24.09+0.85 0.48+0.10 11.97+239 21.50+0.34
P-LPG C16:0 C18:0 C18:1 C18:2 C18:3 Squalene p-sitosterol
1 4.54 1.89 69.94 23.04 0.59 4.07 15.75
2 4.46 1.84 71.04 22.06 0.59 3.90 17.56
3 4.72 1.95 71.05 21.65 0.63 3.27 16.26
4 4.93 2.15 70.97 21.32 0.62 2.57 14.62
5 505+0.17 2.12+0.09 70.79+0.36 21.39+0.40 0.65+0.05 1.68+0.28 13.32+1.24

n.d: not determined

P-CO>: 1 (150 bar / 20 °C); 2 (150 bar / 60 °C); 3 (250 bar /60 °C); 4 (250 bar / 20 °C); 5 (200 bar / 40 °C).
P-LPG: 1 (10 bar / 20 °C); 2 (10 bar / 40 °C); 3 (25 bar / 40 °C); 4 (25 bar /20 °C); 5 (17.5 bar /30 °C).



Table 7: Chemical quality parameters of pecan nut oils from the conditions with higher

extraction yield.

Acidity Peroxide value lodine index
Solvent (mg KOH/g)  (mEQ O2/Kg) (g 12/100g)
P-CO2x* 3.332+0.07 0.49°+0.05 140.18 2+ 0.77
P-LPG** 1.18°%0.13 1.27°+0.23 136.31 ¢+ 0.55
Soxhlet 2.39°+0.10 3.842+0.32 138.12°+0.34

* Condition 4 (250 bar / 20 °C)
**Condition 1 (10 bar / 20 °C)
Values expressed as mean + standard deviation with different letters in the same column indicate significant
difference (p < 0.05) by Tukey's test.

Analyses performed in triplicate.

Refractive index
1.47 2 + (<0.01)
1.47 # + (<0.01)
1.47 # + (<0.01)
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Figure 1: Kinetic extraction curve of pecan nut oil using P-CO; (A) and P-LPG (B).
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Highlights

- Pecan nut cake has a large amount of oil (54%);

- Pecan nut cake oil was recovered using compressed CO, and compressed LPG;
- The highest yield (56.33%) was obtained with compressed LPG extraction;

- Oil was predominantly comprised of unsaturated fatty acids (UFA=93%);

- Significant contents of squalene and f-sitosterol were also obtained.
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Abstract

Pecan nut cake (PNC) is residual biomass obtained as a result of cold pressing of pecan oil.
PNC oil extractions using compressed carbon dioxide (C-CO2) and compressed liquefied
petroleum gas (C-LPG) were performed. The influence of extraction parameters such as
pressure (150 to 250 bar — C-CO2; 10 to 25 bar — C-LPG) and temperature (20 to 60 °C — C-
CO2; 20 to 40 °C — C-LPG) on the extraction yields and chemical profile were determined. The
higher yields were achieved at 25 MPa / 20 °C (C-CO) and 1 MPa / 20 °C (C-LPG). The
chemical profile of oils is mainly characterized by fatty acids where the oleic and linoleic acids
were the majority compounds found in all samples. Contents of squalene and B-sitosterol also
were obtained in the oils. The results showed that PNC is interesting biomass for oil extraction
and which separation processes using compressed fluids is an attractive option for processing
it.

Keywords: Residual biomass. Carbon dioxide. Liquefied petroleum gas. Fatty acids.

1. Introduction

The recovery of high-added value products from residual biomass and their applications
in several areas of interest (such as pharmaceutic, cosmetic, biofuels and food) has claimed the
attention of the scientific community [1]. In the pecan nut oil industry, the oil is obtained by
cold pressing. Oro et al. [2] simulated this extraction and obtained a 45% oil yield. After
pressing, pecan nut cake (PNC) is obtained as a byproduct of the process. PNC is biomass that
presents a high content of remnant oil in their composition (36 to 59 g/100g) and according to
the literature, it has a great nutritional value and good sensory characteristics [3]. Pecan nut oil
is a rich source of fatty acids [4], tocopherols [5], and phytosterols [6], that can make the pecan
nut cake biomass an attractive commercial product. However, to value these by-products, some
aspects such as extraction method, environmental and safety issues need to be evaluated.

Conventional extraction with n-hexane is the technique traditionally used to recover
residual biomass oil. The use of this solvent is discouraged due to solvent residues and damage
to some components, important in the final product, mainly due to the use of high temperatures
[7]. Therefore, an alternative to avoid the use of n-hexane is the application of pressurized fluids
to obtain bioactive compounds from biomass such as PNC. Some studies have confirmed that
the use of pressurized solvents can be as efficient as the use of organic solvents to oil extraction

[8,9]. Supercritical fluid extraction with carbon dioxide (SFE-CO.) has been widely employed
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to obtain oil from numerous vegetal matrices and the process allows obtaining a solvent-free
extraction avoiding a further purification step. The critical CO2 pressure and temperature (7.4
MPa and 31°C), as well as its non-toxicity, environmentally friendly and low cost, also make
this solvent attractive [10,11]. These same characteristics are related to the use of subcritical
CO; extraction. Some studies have shown that good extraction yields and good chemical
profiles of the extracts have also been obtained when subcritical CO; extraction was performed
[12-15].

Some studies have shown that compressed liquefied petroleum gas (C-LPG) is an
alternative against SFE-CO to extract bioactive compounds from vegetal matrices, as C-LPG
extractions presented higher extraction yields and lower extraction times than SFE-CO- [16-
18]. Extraction with C-LPG also possesses lower pressure, temperature and energy
requirements than SFE-CO. [19]. The major concern about C-LPG extraction is their
flammable nature which requires that extractions be performed at facilities appropriate to these
conditions. It is worth noting that the extractions of pecan nut cake with pressurized fluids are
scarce in the literature and more information about the extractions techniques is required.

Therefore, the aim of this study is the recovery of oil from pecan nut cake (PNC) using
extraction techniques with compressed fluids (C-CO. and C-LPG). The oil was characterized
in terms of extraction yields, fatty acids profile, lipidic quality, squalene and p-sitosterol

contents, and physicochemical quality.

2. Materials and methods

2.1. Raw material

The samples used in this study were donated by Nozes Pitol Alimentos Group (Anta
Gorda, RS, Brazil). The nuts are dried in the shell in a silo, inserting hot air. After reaching the
ideal moisture, the nuts are directed to the extraction of oil by cold pressing.

The residual biomass (pecan nut cake - PNC) obtained after pressing is the matrix used
in this work. The PNC was stored in hermetically closed packing at -18 °C and protected from
light until their use. Their initial moisture content was determined by the gravimetric method
[20] and as equal to 3.6 % (w.b.). The high moisture content could affect the extraction yields
acting as a barrier to diffusion of oil within PNC [21]. However, according to Snyder et al. [22],
moisture content ranging from 3 to 12% (w.b.) showed no influence in the extraction step and

for this reason, the PNC was used in their fresh form.
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The PNC oil was obtained by Soxhlet extraction using n-hexane as solvent about 480
min [23]. Soxhlet extraction serves as a reference to compare the extraction yields and
composition with pressurized fluid extractions. Briefly, 1 g of PNC was wrapped in a piece of
filter paper and introduced into the Soxhlet apparatus containing about 100 mL of n-hexane.
All assays were performed in triplicate and the value obtained was 54.78 % (+ 0.12).

2.2. Solvents and chemical reagents

CO: (purity > 99.5%) was purchased from White Martins S.A. (Santa Maria, RS,
Brazil). LPG was purchased from Liquigas S.A. (Santa Maria, RS, Brazil) and consisted of a
mixture of propane (50.3 wt.%), n-butane (28.4 wt.%), isobutane (13.7 wt.%), ethane (4.8
wt.%), and other minor hydrocarbon constituents (2.8 wt.%). The standards for squalene (98%)
and [-sitosterol (95%) were purchased from Sigma-Aldrich (St. Louis, MO, USA). All
chemicals and solvents used in the experiment were of analytical grade (PA) purchased from
Vetec Fine Chemicals (Xerém, RJ, Brazil) and Sigma—Aldrich (St. Louis, MO, USA).

2.3. Extractions procedures

2.3.1. Extraction using compressed fluids (CO2 and LPG)

The extractions were conducted in a laboratory-scale unit described in detail elsewhere
[24]. In each run, approximately 10 g of PCN was loaded into the extraction vessel for
extractions using compressed carbon dioxide (C-CO.) and approximately 5 g were used to
extractions with compressed liquefied petroleum gas (C-LPG). The extractions were carried out
at a solvent flow rate of 4 g/min for 220 min to C-CO; and for 20 min to C-LPG extractions,
respectively. The influence of extractions parameters such as temperature and pressure were
investigated through a 22 experimental central composite design (CCD) with triplicate in central
point (Table 1), according to Alves et al. [14]. The overall extraction curves were obtained as a
function of cumulative extracted oil mass with extraction time for all assays. The density (Table
2) of both compressed fluids was determined through NIST Chemistry WebBook [25].

The global extractions yields were obtained as a ratio between the mass of extracted oil
(m¢) and the mass of raw material (m;) loaded into the extraction vessel (Eg. (1)). The oil
recovery (Ro) was obtained as a ratio between the mass of extracted oil (m) and the mass of oil

obtained using Soxhlet method (Msoxnier) (EQ. (2))
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Xo= (%t) X100 (1)

mt

msoxhlet

Ro = ( ) x 100 )

2.4. Oil characterization

2.4.1. Fatty acid profile

The oils triglycerides were transesterified/saponified by AOCS method Ce 2-66 [26],
with modifications [27]. The fatty acid methyl ester (FAME) of samples was analyzed
according to experimental conditions proposed by Alves et al. [14] using a gas chromatograph
equipped with flame ionization detector (GC-FID) (Varian 3400 CX, Santa Ana, CA, USA).
The identification of the compounds was performed by comparing the retention times of the
analytes with the retention times of FAME Mix-37 (Sigma-Aldrich, Darmstadt, HE, Germany).
The results were expressed as a percentage of fatty acids by using an internal standard methyl
ester tricosanoate (C23:0Me, Sigma-Aldrich, St. Louis, USA).

2.4.2 Lipid quality

Three quality indexes of lipidic fractions were calculated based on the composition of
fatty acids and were used to evaluate the lipid quality of the oils. The relation between
hypocholesterolemic and hypercholesterolemic fatty acids (H/H) was obtained according to
Santos-Silva et al. [28] (Eg. (3)):

C18:1n9+C18:2n6+C18:3n3 (
C14:0+C16:0

H/H = 3)

The atherogenicity (1A) (Eg. (4)) and thrombogenicity indexes (IT) (Eg. (5)) were
calculated according to Ulbricht et al. [29]:

C16:0

1A= ——00__(4)
Y PUFA+Z MUFA

€16:0+C18:0
IT = 0,5(EMUFA)+0,5(2n6)+3(Zn3)+ (En3/5n6) ()
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where C16:0 (palmitic acid); C18:0 (stearic acid); C18:1n9 (oleic acid); C18:2n6 (linoleic acid);
C18:3n3 (linolenic acid); > MUFA (sum of monounsaturated fatty acids concentrations); > n6
(sum of n-6 polyunsaturated fatty acid concentrations); > n3 (sum of n-3 polyunsaturated fatty

acid concentrations).

2.4.3. Squalene and pg-sitosterol of PNC oils

The nonsaponifiable oil fraction was obtained by the AOCS method Ce 12-16 [26] with
modifications proposed by Alves et al. [14]. The extract was analyzed by GC-FID (Varian
Model 3400 CX, Santa Ana, CA, USA) and the compounds were identified by comparing the
analytes retention times with the respective patterns. The results were expressed by mg/100g of
oil.

2.5. Physicochemical properties of PNC oils

The physicochemical properties of PNC oils were determined for the extractions
conditions that presented the higher extraction yields for both procedures using compressed
fluids (C-COz and C-LPG), and for Soxhlet extraction as well. For that, the acidity index [26],
the peroxides index [30] and the induction time (oxidative stability) were determined [31]. The
determination of the oxidative induction time was performed using a Rancimat operating at 120
°C and with an air flow of 20 L / h. The Rancimat method is based on accelerating the aging
process of the sample by raising its temperature and passing a continuous stream of air through
it. The air flow transports volatile oxidation products from the sample vessel into a vessel
containing distilled water. The conductivity of this water is continuously measured.
Conductivity increases in this vessel once oxidation products emerge. A sudden, strong increase

in conductivity — revealed by an inflection in the curve — marks the induction time.

2.6 Statistical analysis

The effects of independent variables (pressure and temperature) on response variables
(extraction yield, major fatty acid, squalene, and B-sitosterol) were separately evaluated by
statistical analysis of variance (ANOVA) with a significance level of 5% using software
Statistica 7.0 (Statsoft Inc., USA). A Tukey test was applied to detect the differences among
PNC physicochemical properties.
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3. Results and discussion

3.1 PNC oil extraction

The extraction yields and recovery of PNC oil obtained by C-CO. and C-LPG as well
as by Soxhlet method are shown in Table 2. As can be observed the extractions performed by
the Soxhlet method reveals a great amount of remnant oil in the PNC (54.78%), which indicates
that the cold pressing employed in the industry has low efficiency. The assays performed by C-
CO. and C-LPG show that both pressure and temperature influence the global extraction yield
and the extraction recovery.

The highest yield (43.65%) and recovery (79.08%) of PNC oil were achieved at 25 MPa
/ 20 °C and were about 75 times higher than the lowest ones (0.58% and 1.04%, respectively),
observed at 15 MPa /60 °C for the C-CO; extractions. It is emphasized that in the condition of
higher yield (25 MPa / 20 ° C) COz is in the liquid phase. This result corroborates with Scapin
et al. [15] who that extracted oil from the perilla and the highest yield was also found in the
condition of 25 MPa/ 20 ° C. In the work done by Salvador et al. [3], they extracted the oil of
PNC donated by two distinct industries (based in Brazil) by low-pressure extraction methods
(Soxhlet and Ultrasound) using three different organic solvents (ethanol, n-hexane, and
acetone) and by supercritical CO> extraction (10 — 30 MPa and 40 — 50 °C). The highest
extraction yields achieved by authors were 69.6£3% by Soxhlet extraction with ethanol, 60+2%
by Ultrasound extraction with acetone and 58.4+0.2% by SFE-CO;at 30 MPa /40 °C.

In the present study, the influence of pressure and temperature on the extraction yields
were analyzed through the analysis of variance (ANOVA) (Supplementary material 1). The
results showed that in the conditions evaluated, the pressure and temperature alone affect
significantly the extraction yields at a 95% confidence level. However, the interaction between
pressure and temperature was not significant for the extraction yields. The increase of pressure
has a positive effect on extraction yield, a result which agrees with that obtained in another
work [32]. The authors attribute this effect due to the increase of fluid density because as the
density increases, the distance between molecules decreases and the interaction between oil and
CO: increases, leading to a greater oil solubility in CO> [33]. On the other hand, increase of
temperature has a negative effect on extraction yield, since when the temperature is raised from
20 °C to 60 °C (for all pressure conditions) a decrease in extraction yields occurred. The effect
of increasing the temperature in the extraction, at a constant pressure, is due to two mechanisms:

(1) the enhancement of solubility due to an increase of solute vapor pressure and (2) the
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decrease of solvent density [34]. In this work, the decrease in solvent power can be attributed
to the decrease in CO> density (Table 2) and this fact could not be compensated by the increase
in the oil vapor pressure.

For the assays performed with C-LPG, the extraction yields, and recovery were quite
similar. Yields ranged from 52.47% (1 MPa / 20 °C) to 56.33% (2.5 MPa/ 20 °C). As can be
seen in Table 2, the extractions performed with C-LPG shown a better performance than C-CO>
when a comparison is realized with Soxhlet extraction. We believe that the LPG composition
(a mixture of hydrocarbons) can contribute to enhance its extraction performance under
pressurized conditions. However, to ratify this affirmation is necessary a more deeply
investigation.

The influence of pressure and temperature on the extraction yields of C-LPG extractions
were also analyzed by ANOVA, and neither pressure and temperature alone nor the
combination of both showed influence on extraction yields (Supplementary material 1). It is
worth noting that the extraction times using C-LPG are 11 times smaller than those used for C-
CO. is employed. Although extractions performed with C-LPG has shown promising results, it
is necessary to perform further studies using this solvent so that its application at the industrial
level is possible, in a safe way for those who operate the system and for those who will consume

the extracted oil.

3.2 Extraction kinetic curves

Figure 1 shows the overall extraction curves (OECs) of PNC oil obtained at different
extraction conditions with C-CO> (Fig 1. A) and C-LPG (Fig 1. B), respectively. The OECs
were expressed in terms of cumulative oil mass as a function of time and S/F ratio. For the
extractions realized with C-CO- (except assay 2), it can be observed that the OECs exhibit the
constant extraction rate period (CER) and falling extraction rate period (FER) periods, followed
by the diffusional-controlled (DC) period. However, the extractions performed with C-LPG
occurred predominantly in the CER period and the extraction rates were faster than that for
extractions with C-CO.. The differences between the OECs periods found for the two solvents
can be correlated with the mass used for each test (approximately 5g for C-LPG and 10g for C-
CO2) and due to its distinct chemical compositions. Even that CO; is a pure compound and
which under high pressures its can also solubilize weak polar compounds, C-LPG is a mixture
of hydrocarbons and this can contribute to increased solvation power when pressurized. The

use of different masses of feed material impact the bed static height, and this can corroborate
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to increase the mass transfer resistances along the extraction. For C-CO: tests, the static bed
height must be greater than the C-LPG tests and, consequently, the path that the solute will
travel from the surface of the particles to the exit of the bed height was greater. It is worth noting
that even with higher bed static height, the C-CO- assays occurred mainly on CER period. For
this reason, it can be inferred that for both solvents the external mass transfer mechanisms
controlled the PNC extraction process.

As can be seen in Figure 1 (A), the condition at 25 MPa and 20 °C presented a global
extraction yield approximately 45%-fold than that at 25 MPa and 60 °C, which was the second-
best condition. It is noteworthy that for the condition at 25 MPa and 20 ° C, the extraction yield
achieved after 70 minutes of extraction (~ 25%) is similar to the value obtained at 25 MPa and
60 °C, however, in this case, it took about 150 minutes. The extraction time is another important
parameter to evaluate, as it is linked with the solvent-feed ratio (S/F). However, for all
extractions, except for the worst one (15 MPa and 60°C), the solvent-feed ratio was
approximately 80 g CO2/ g PNC. Therefore, the extraction parameters like pressure and
temperature shown a great importance on the interaction of solvent and solid matrix. For the
worst condition (15 MPa and 60 °C) approximately 70 g CO2/ g PNC was necessary to achieve
the extraction yield of 0.57% and its result help us to have an idea about the extraction
efficiency, that depends on extraction conditions (temperature and pressure) as already shown
in section 3.1. Therefore, it can be inferred that at 25 MPa and 20 °C was the best cost-benefit
condition to perform the extraction of PNC oil with C-CO., as the higher extraction yield and
lower solvent-feed ratio (S/F) were achieved, respectively.

For the extractions performed with C-LPG, all conditions achieved a similar amount of
PNC oil after 20 minutes of extraction. When these results are compared with those ones using
C-CO:2 it can be seen that the pressure range among the assays with C-LPG was lower than that
with C-COa. In addition, the variability of the C-LPG density was also lower than that with C-
COo. 1t is worth noting that the solvent-to-feed ratio values for C-LPG extraction were
approximately 42-fold lower than that with C-CO2. At 1 MPa and 20 °C (the best extraction
condition with LPG), for example, the solvent-to-feed ratio was 1.8 g LPG/ g PNC and an
extraction yield of about 56.33 % was observed. Therefore, the extractions with C-LPG showed
a decrease in the solvent consumption and higher extraction yields than those obtained with C-
CO2.
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3.3 PNC oil characterization

3.3.1 Fatty acid profile, lipid quality and quantification of squalene and g-sitosterol from PNC
oil

Table 3 shows the results with regards to fatty acids profile, lipid quality, the
concentration of squalene and B-sitosterol for PNC oil obtained by C-CO; and C-LPG. As can
be seen in Table 3, oleic acid (58.81 to 64.70%) and linoleic acid (28.31 to 31.20%) were the
main fatty acids found in the PNC oil for all extraction conditions investigated. The condition
15 MPa / 60 °C (CO2 extraction) resulted in a very low vyield, and therefore, there was not
sufficient amount of sample to perform the fatty acid composition analysis. These results are
corroborating with the oleic acid (56.30 to 73.90%) and linoleic acid (17.30 to 33.40%)
concentrations obtained in other work for PNC oil [3]. The results of oleic and linoleic fatty
acids found by Prado et al. [35] in pecan nut oil obtained by pressing showed an average of
72% and 20%, respectively. The results found in the PNC oil in this study showed, on average,
a lower value of oleic acid (62%) and a higher value of linoleic acid (30%). According to some
studies, although not considered as an essential fatty acid the consumption of oleic acid can act
on the reduction of the level of low-density lipoprotein cholesterol fraction (LDL) [36].

The concentration of oleic acid achieved in this study was higher than those found by
other authors on the extraction of residual biomass such as chia cake (5.10 to 7.50%) [8] and
sesame cake (41.90 to 42.90%) [37] and was similar to the concentration found on the extraction
of olive bagasse (62.26 to 64.34%) [38]. The oils are predominantly characterized by
unsaturated fatty acids (UFA = 93%), whose concentration is higher than saturated (SFA =
7%). In addition, monounsaturated fatty acids (MUFA = 63%) outperformed polyunsaturated
fatty acids (PUFA = 30%).

The relation index between hypocholesterolemic and hypercholesterolemic fatty acids
(H/H) present values of 14.20 (25 MPa/ 60 °C) to 16.30 (15 MPa/ 20 °C) for C-CO. extraction,
and 18.34 (1 MPa/ 20 °C and 1 MPa/ 40 °C) to 19.10 (2.5 MPa/ 40 °C) for C-LPG extraction.
The values found in this study were higher than those ones related by Cunha et al. [39], which
investigated the extraction of bacaba-de-leque oil using supercritical CO2 and obtained values
for the relation index in range of 4.07 (19 MPa/ 60 °C) to 4.57 (15 MPa/ 60 °C). According to
Bentes et al. [40] as higher the relation H/H more nutritionally suitable is the oil.

Low atherogenicity (IA) (0.05 — 0.07) and thrombogenicity (IT) (0.13 — 0.17) indexes
were obtained for the PNC oils extracted with C-CO; and C-LPG. It is worth noting the
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relevance of these results, because the lower the Al and IT values, the greater the amount of
anti-atherogenic fatty acids [41]. Therefore, PNC oil may be used to reduce the risk of coronary
diseases.

For extractions with C-COz the squalene concentrations were in range of 1.23 mg/100g
oil (15 MPa/ 20 °C) to 2.19 mg/100g oil (25 MPa /60 °C), while the B-sitosterol concentrations
were 15.16 mg/100g oil (15 MPa / 20 °C) to 19.51 mg/100g oil (25 MPa / 60 °C). As can be
observed, lower squalene and B-sitosterol concentrations were achieved for the extraction
conditions where lower pressure and temperature values were employed, while the higher ones
were obtained for the extraction condition with higher pressure and temperature. For the
extraction with C-LPG the squalene concentrations shows values in range of 0.98 mg/100g oil
(1 MPa/ 20 °C) to 2.61 mg / 100g oil (1 MPa / 40°C), and the B-sitosterol concentrations were
found in range of 12.60 mg/100g oil (2.5 MPa / 40 °C) to 15.55 (2.5 MPa / 20 °C). It is
noteworthy that for the extraction performed with C-GLP at 1.75 MPa and 30 °C, the presence
of B-sitosterol was not observed.

The results of ANOVA showed a negative effect of interaction between pressure and
temperature on the amount of oleic acid, showing that moderate values of temperature and
pressure are more suitable to preserve this fatty acid (Supplementary material 2). For the
extraction with C-LPG were not observed significative effects in the amount of oleic acid
present in the oils. No significant effects were observed for squalene and B-sitosterol contents
obtained by extraction with C-CO2 and C-LPG.

3.3.2. Physicochemical properties of PNC oils

Table 4 presents the results for acidity and peroxide levels from PNC oils obtained by
C-COg2, C-LPG and Soxhlet extraction. For the extraction with compressed fluids, the analysis
was performed only for conditions that present the higher extraction yield (25 MPa / 20 °C for
C-CO2 and 1 MPa/ 20 °C for C-LPG).

As can be seen in Table 4, the higher value of acidity level was achieved by the
extraction with C-CO (2.06 mg KOH/g). In this case, it can be inferred that the small amount
of water present in the sample may contribute to the hydrolysis effects and oil degradation,
since water absorbs the CO. and becomes acidic due to the formation of carbonic acid [42]. The
higher value for C-CO, extract acidity can be related to the extraction of free fatty acids, as

showed by Zacchi et al. [43] According to the authors, under constant conditions of temperature
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(60°C) the increase of pressure corroborates to enhance the free fatty acids extraction per unit
mass of solvent.

The peroxide level results there was significant difference between the peroxide levels
for extractions performed and the values for extractions performed with compressed fluids (0.59
mMEQ Oaz/kg for C-CO», and 0.14 mEQ O./kg for C-LPG) were lower than those one performed
by Soxhlet (4.62 Ox/kg). Salvador et al. [3] realized the analysis of commercial PNC oils and
PNC oil obtained by Soxhlet extraction with n-hexane. According to the authors, the values for
peroxide levels were in the range of 2.5 to 6.1 mEQ O2/Kg and 4.0 to 4.8 mEQ O2/Kg,
respectively. The PNC oils obtained by compressed fluid extractions comply with the standards
set by the National Health Surveillance Agency (ANVISA, Brazil) [44] (Table 4) for cold-
pressed and unrefined oils. The maximum acceptable values for acidity and peroxide levels are
4.0 mg KOH/g and 15 mEQ O2/kg, respectively.

Figure 2 shows the oxidative induction times curves of PNC oils obtained by C-CO>, C-
LPG, and Soxhlet. The PNC oil extracted by C-LPG presented greater stability (6.66 h),
followed by those obtained by Soxhlet (2.81 h) and C-CO- (1.02 h). Previous work shows that
vegetable oil extracted with SC-CO> has less oxidative stability than oil extracted with hexane,
three are the most cited reasons: (1) low extraction of tocopherols (natural antioxidant) [45];
(2) lower phospholipid content, known to have a synergistic antioxidant effect with tocopherols
and [46]; (3) presence of oxygen in the commercial CO> used in the extraction [47]. Although
we do not have data to confirm these postulates, it is important to present some explanation of
the possible causes of the results found for oxidative stability.

The values obtained for the oils in this study are higher than those reported by Cuco et
al. [48] for pumpkin residual biomass oil extracted by supercritical CO2, ultrasound and
Soxhlet. The oxidative induction times for the extraction with supercritical CO, were 72 min
for the oil extracted from a mixture of pumpkin peel and seeds, and 104 min for the oil extracted
from pumpkin seeds only; 68 min for ultrasound oil obtained from pumpkin peel; and for the
oil extracted by Soxhlet the values were 28.2 min for the oil extracted from a mixture of

pumpkin peel and seeds and 48.5 min for the oil extracted from pumpkin seeds.
4. Conclusion
The extraction of PNC oil showed that this residual biomass has a great amount of oil

to be extracted. When extraction was performed with C-CO-, higher extraction yields and
recoveries were obtained under the condition at 25 MPa / 20 ° C (43.65% and 79.08%,
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respectively). For extraction with C-LPG, the higher extraction yields (56.33%) and recovery
(102.65%) were found at 1 MPa / 20 °C. If a comparison among the extractions performed by
n-hexane, C-CO; and C-LPG were accomplished, it can be seen that the extraction using C-
LPG was faster (20 minutes) and showed higher extraction yields and recovery than the others
extraction techniques employed in this study. In view of the promising results found in the
extraction with C-LPG, it is necessary to perform further studies using this solvent so that its
application at the industrial level is possible, in a safe way for those who operate the system
and for those who will consume the extracted oil. The employment of compressed liquids such
as C-COz and C-LPG to obtain oils rich in unsaturated fatty acids is advantageous and according
to the results of lipidic quality, it should be antiatherogenic. Even after the oil extraction carried
out in the industry, the residual biomass oils showed a significative content of squalene and f-
sitosterol. For the conditions where higher extraction yields were achieved, the PNC oils
presented acidity and peroxide levels comply with National Health Surveillance Agency
(ANVISA, Brazil). This study has shown the efficiency in the employment of compressed fluids
(C-CO2 and C-LPG) on the recovery of PNC oils.
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Table 1: Extraction conditions for C-CO; and C-LPG.

COz LPG
Condition P (MPa) T (°C) P (MPa) T (°C)
1 15(-1) 20(-1) 1(-1) 20(-1)
2 15(-1) 60 (+1) 1(-1) 40 (+1)
3 25 (+1) 60 (+1) 2.5 (+1) 40 (+1)
4 25 (+1) 20(-1) 2.5(+1) 20(-1)
5* 20 (0)  40(0) 1.75(0) 30 (0)
6* 20 (0)  40(0) 1.75(0) 30 (0)
* 20 (0)  40(0) 1.75(0) 30 (0)

* Central point
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Table 2: Yields and recovery of PNC oils obtained by C-COz2and C-LPG.

Condition  Solvent P(MPa) T (°C) p(kg/m®**  Time (min) Yield (%)

Recovery (%)

1 CO: 15 20 904 220 20.03 36.29

2 CO. 15 60 604 220 0.58 1.04

3 CO2 25 60 787 220 25.08 45.44

4 CO: 25 20 963 220 43.65 79.08
o* CO2 20 40 840 220 20501 37.2+0.2
1 LPG 1 20 215 20 56.33 102.05
2 LPG 1 40 183 20 54.00 98.27

3 LPG 2.5 40 241 20 53.98 97.79

4 LPG 2.5 20 244 20 52.47 95.06
5* LPG 1.75 30 227 20 55.5+0.3 100.3+£0.1
Soxhlet  n-hexane atmospheric 68 613 480 548 +0.1 100

P: pressure; T: temperature; p: density.

*Condition 5 corresponds to the mean =+ standard deviation of the triplicate of the central point.

** Determined through NIST Chemistry WebBook [25].



Table 3: Fatty acid profile (%), lipid quality, and squalene and B-sitosterol (mg/100g) of PNC oils extracted by C-COz and C-LPG.

CO; LPG
1 3 4 5 1 2 3 4 5
Palmitic C16 5.69 638  6.07 6.4+01 510 509 490 505 50+05
Stearic c18 1.54 178 149 15+0.1 137 158 148 151 1.4+0.1
Oleic C18:1n9 6094  58.81  62.1 61.1+0.2 647 6336 63.64 6297  63.3+05
Linoleic C18:2n6 3098  30.84 3029  30.9+0.2 2831 2932 2954 29.83 29511
a-Linolenic  C18:3n3  0.85 097 005  0.06<0.01 052 065 043 063  0.6+0.03
SFA 7.23 816  7.56 79%01 647 667 638 656 65+06
MUFA 6094  58.81 6210  61.1%0.2 6470 63.36  63.64 6297  63.3+05
PUFA 3183 3181 3034 30901 2883 29.97 29.68 3046  300+1.1
UFA 9277  90.62 9244  92.1+0.1 9353 9333 9332 9343  935+0.6
H/H 1630 1420 1523  143+02 1834 1834 1910 1850 186+19
IA 0.06 007 007 007£(<001) 005 005 005 005 0.05=(<0.01)
IT 0.15 047 016 017#(<001) 013 014 013 014 0.1%(<0.01)
Squalene 1.23 219 163 12£10 098 261  1.06  1.43 1710
B-sitosterol 1516 1951 1529  16.9+19 1261 19.05 1260 1555 n.d

n.d: not detected.
C-CO;,: 1 (15 MPa /20 °C); 3 (25 MPa/ 60 °C); 4 (25 MPa/ 20 °C); 5 (20 MPa / 40 °C).
C-LPG: 1 (1 MPa/ 20 °C); 2 (1 MPa/ 40 °C); 3 (2.5 MPa/ 40 °C); 4 (2.5 MPa /20 °C); 5 (1.75 MPa/ 30 °C).
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; UFA: unsaturated fatty acids.

H/H: relation between hypocholesterolemic and hypercholesterolemic fatty acids; 1A: Index of atherogenicity; IT: Index of thrombogenicity.
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Table 4: Acidity (mg KOH/g) and peroxide (mEQ O2/Kg) levels of PNC oil.
Legislation* C-COx** C-LPG*** Soxhlet

Acidity
(mg KOH/g) 4 21%+0.1 1.2°+0.1 1.3°+0.2

Peroxide value
(mEQ 02/Kg) 15 0.6°+0.1 0.14¢+0.2 462+0.3
*Maximum values
** Condition 4 (25 MPa / 20 °C)
***Condition 1 (1 MPa/ 20 °C)
Values expressed as mean + standard deviation with different letters in the same line indicate significant
difference (p < 0.05) by Tukey's test.
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Fig. 1: Overall extraction curves of PNC oil using C-CO- (A) and C-LPG (B).
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3.3 ARTIGO 3 - INCORPORACAO DE EXTRATO BIOATIVO DA TORTA DA NOZ
PECA EM FILMES BIODEGRADAVEIS

Artigo a ser submetido no peridédico International Journal of Biological
Macromolecules, ISSN: 0141-8130, Area de avaliagdo em Ciéncia de Alimentos Al.
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Incorporagéo de extrato bioativo da torta da noz peca em filmes biodegradaveis
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!Programa de P6s-Graduagdo em Ciéncia e Tecnologia dos Alimentos, Universidade Federal
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Resumo

O objetivo deste trabalho foi extrair os compostos fenolicos da torta da noz pecéd (TNP)
e aplicar o extrato que obteve maior concentracao desse composto em filmes elaborados com
uma mistura de polimeros (gelatina-amido) e glicerol. Para a obtencao dos extratos a influéncia
dos parametros de extracdo, como graduacdo alcodlica do etanol (%) e tempo de extracdo (min)
no teor de compostos fendlicos foram investigadas. A condi¢do que apresentou 0 maior teor de
compostos fendlicos totais (101.61 mg GAE/Q) foi a que utilizou menor concentracédo de alcool
e menor tempo de extracdo (condicdo 1 - 65% alcool / 20 min), sendo a condi¢do escolhida para
ser incorporada nos filmes. As caracteristicas dos filmes formados foram avaliadas. Os valores
de espessura demonstraram que a disposicdo dos filmes nos moldes foi eficiente. A
incorporacdo do extrato da TNP nos filmes ndo influenciou na ruptura dos filmes. A
incorporacéo de 10 e 20% de extrato da TNP aumentou a elongacdo na ruptura. Os filmes

apresentaram solubilidade maior que 67%. Todos os filmes apresentaram angulo menor que
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90°, caracterizando-o0s como hidrofilicos. A adicéo de extrato da TNP provocou um aumento
na opacidade dos filmes. A luminosidade (L*) foi maior no filme que n&o teve adicao de extrato.
O croma (C*) foi maior no filme sem adi¢do de extrato e no filme com 10% de extrato,
indicando que a coloragdo desses filmes é mais intensa. Todos os filmes apresentaram o angulo
hue (h°) maior que 280°, caracterizando-os com tonalidade azulada. A incorporagéo do extrato
da TNP nos filmes aumentou significativamente a atividade antioxidante. A biodegradacéo dos
filmes ocorreu por completo até o 9° dia de deposicdo no solo. Filmes biodegradaveis
elaborados com uma mistura de gelatina-amido enriquecidos com extrato TNP séo potenciais
carreadores de compostos antioxidantes e podem ser usados como embalagem ativa para
estender a vida Gtil de produtos alimenticios.

Palavras-chave: Carya illinoinensis (Wangenh.) K. Koch; compostos fendlicos; embalagem

de alimentos; biopolimeros.

1 Introdugéo

A noz-pecéd (Carya illinoinensis (Wangenh.) K. Koch) esta entre as principais nozes
consumidas mundialmente [1], principalmente devido aos seus efeitos positivos na saude [2],
ao seu sabor e textura agradaveis [3]. Normalmente a noz pecé é consumida in natura ou em
produtos de padaria e confeitaria [4], todavia ultimamente houve um aumento na demanda dos
consumidores por 6leos produzidos a partir das nozes.

A industrializacdo da noz peca para a obtencdo de Oleo origina um subproduto
denominado de torta da noz pecd (TNP). A TNP possui compostos valiosos e de interesse
industrial, dentre eles destaca-se 0s compostos bioativos. A elaboracdo de extratos da TNP

demonstraram ser ricos em compostos fendlicos, flavonoides totais, taninos condensados e
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apresentam maior atividade antioxidante quando comparadas com outras tortas de nozes, como
améndoa, aveld e macadamia [5].

Nos ultimos anos, filmes biodegradaveis a base de biopolimeros tém sido considerados
como substitutos de embalagens convencionais derivadas de petroleo [6]. A principal razdo por
trés disso sdo as preocupacdes ambientais em relagdo ao acumulo de plasticos a base de petréleo
na natureza [7].

Proteinas e polissacarideos sdo os principais biopolimeros utilizados na elaboracéo de
filmes para embalagens biodegradaveis [8], a mistura dos dois pode formar filmes com
caracteristicas melhoradas. Por exemplo, misturas de gelatina com amido tém chamado muita
atencdo uma vez que ambos s@o recursos renovaveis, tém capacidade de formacéao de filmes e
séo comestiveis [9,10].

Compostos bioativos podem ser incorporados aos filmes biodegradaveis originando
filmes ativos, esses compostos podem apresentar caracteristicas antioxidantes que podem
interagir com o produto embalado [11]. E evidente que esses compostos fornecem protecdo ao
alimento contra oxidacéo, crescimento de micro-organismos, escurecimento enzimatico e perda
de vitaminas, ao mesmo tempo melhora as propriedades de funcionalidade dos filmes [12].

Diante ao exposto, o fato da TNP ser um subproduto e possuir compostos de interesse
comercial - como 0s compostos bioativos - o objetivo deste trabalho foi extrair os compostos
fendlicos da TNP e aplicar o extrato que obteve maior concentracdo desse grupo de compostos

em filmes e avaliar as caracteristicas destes.

2 Material e métodos

2.1 Matéria-prima
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A TNP foi doada pela Nozes Pitol Grupo Alimentos (Anta Gorda, RS, Brasil), sendo
acondicionada em embalagem a vacuo e armazenada em congelador a —18 °C até a sua

utilizagao.

2.2 Elaboragéo dos extratos

Para obtencdo dos extratos, 5 g da TNP foram misturadas com 50 mL de etanol, na
proporcao de 1:10 (p/v). Essa mistura foi colocada em um banho ultra-termostatizado (Marconi,
modelo MA-184, Brasil) com agitacdo constante (Marconi MA039, Brasil) a 25 °C. A
influéncia dos parametros de extragdo, como graduacdo alcoodlica do etanol (%) e tempo de
extracdo (min) foram investigadas através de um projeto experimental com 2 niveis e 2
variaveis (22) com triplicata no ponto central (Tabela 1). Apds a extracdo, a filtragdo foi
realizada com papel filtro (J. Prolab, Brasil) e o extrato foi rotaevaporado (R-300, Biichi Brasil

Ltda, Brasil) a 45 °C, para remover o alcool e obter um volume final de 50 mL.

2.2.1 Avaliacdo dos compostos fendlicos dos extratos
O teor de compostos fendlicos totais foi determinado pelo método de Folin-Ciocalteu
descrito por ROESLER [13]. O teor de compostos fendlicos totais foi expresso em miligramas

de 4cido galico / g de torta da noz pecé parcialmente desengordurada (mg EAG g™).

2.3 Preparacéo dos filmes

A partir do resultado de um estudo anterior [14], foi elaborado um filme com uma
mistura de gelatina e amido na proporcdo de 5% e 2%, respectivamente. Para a elaboracédo dos
filmes foi utilizada a técnica de casting. Para o filme controle, a solucdo base de gelatina (Tipo
A, SM Empreendimentos Farmacéuticos LTDA, Sao Paulo, Brasil) foi hidratada com 5 g de

gelatina em 100 mL de agua destilada durante 1 h a 25 + 2 °C. Posteriormente, para
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solubilizacdo da gelatina a temperatura da solucdo base foi elevada para 55 °C em um banho
ultra-termostatizado (Marconi, modelo MA-184, Brasil) por 10 min. O glicerol (Neon, Brasil)
(10% em relacdo da massa de gelatina) foi adicionado sob agitacdo magnética. Para a solucéo
de amido de milho (Maizena®, Brasil) foi misturado 2g de amido em 100 mL de &gua destilada
e glicerol (10% em relagdo a massa seca do amido) sob agitagdo manual e aquecimento a 80 °C
por 15 min. Apés o preparo das solucdes de gelatina e amido, foi elaborado uma mistura dessas
solucBes na proporcao de 1:1 em agitador magnético por 1 min. Para a elaboracéo dos filmes
adicionados de extrato, foi incorporado 10 e 20% de extrato da TNP (peso em relagdo a massa
total de 4gua utilizada) na mistura de gelatina e amido.

Ap0s o preparo das solugdes controle (GA), 10% de extrato (GA-10%) e 20% de extrato
(GA-20%) elas foram vertidas em um suporte de poliéster e secas em estufa com circulagéo de

ar por 24h a 30 °C.

2.4 Caracterizacédo dos filmes

2.4.1 Espessura

A espessura dos filmes foi medida com o auxilio de um micrémetro digital (n° 7326,
Mitutoyo Corp., Japdo). A espessura média de cada filme foi determinada em diferentes pontos
ao longo dos filmes. Os valores médios também foram utilizados para calcular as propriedades

mecanicas dos filmes e o valor de opacidade dos filmes.

2.4.2 Permeabilidade ao vapor d’agua (PVA)
A PVA foi determinada por meio do método gravimétrico segundo método ASTM E96-
80 [15] modificado por Mchugh et al. [16]. As amostras foram cortadas em circulos e fixadas

sobre células padronizadas contendo 6 mL de agua destilada. As células foram mantidas a 25
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°C em uma estufa contendo gel de silica para controle da umidade dos filmes. A quantidade de
agua permeada através do filmes foi determinada por pesagem periddica das células por 24h. A

PVA foi definida como (equacéo 1):

_ ge
PVA = At.AP (1)

Onde, PVA ¢ a permeabilidade ao vapor de agua (g.mm/m?2.h.kPa), g é o ganho de peso dos
filmes; t é o tempo total em horas; A é a area de permeacio (m?); e espessura média dos filmes
(mm); AP € a diferenca de pressdo de vapor do ambiente (kPa, 30 °C); g/t foi calculada por

regressao linear entre os pontos de ganho de peso e tempo (regime permanente).

2.4.3 Solubilidade

A solubilidade em agua foi determinada de acordo com o método modificado por Pefia
et al. [17]. Discos (2 cm de diametro) de cada amostra foram cortados e secos em estufa a 100
°C por 24 h (porcentagem inicial de matéria seca - mi). Em seguida, as amostras foram imersas
em 50 mL de agua destilada e agitadas em shaker orbital (MA-410, Marconi, Brasil) a 70 rpm
em uma temperatura de 25 + 2 °C por 24 h. Posteriormente, as amostras foram colocadas uma
estufa a 100 °C por 24 h para a determinacdo gravimétrica do teor de agua dos filmes (matéria
seca ndo solubilizada — mf). A porcentagem de solubilidade (S%) foi determinada usando a

equacdo (2) :

s=T" %0100 (2)
mi

2.4.4 Angulo de contato
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As medidas de angulo de contato foram realizadas através de um medidor de angulo de
contato (Biolin Scientific, Optical Tensiometer Theta Lite, Suécia). Com o auxilio de uma
seringa de precisdo, uma gota (5-9 uL) de agua Mili-Q foi depositada sobre a superficie do
filme e os angulos de contato determinados apds 10s [18]. O valor do angulo de contato foi
calculado através da média dos &ngulos nas extremidades direita e esquerda da gota.

2.4.5 Propriedades mecanicas

Os filmes foram cortados de acordo com o especificado na ASTM D882/97 [19] e
caracterizados quanto as suas propriedades mecanicas - tensdao na ruptura e elongacdo na
ruptura. As medidas foram realizadas em uma maquina de ensaio universal (modelo 3369,
Instron Corp, EUA), operando com uma ceélula de carga de 50 N com velocidade de
tracionamento de 10 mm.min™. Os ensaios foram realizados a 30 °C e 50 + 2% de UR. A tenséo
na ruptura (o) (equacgéo 3) elongacéo na ruptura (¢) (equacéo 4) dos filmes foram calculados

da seguinte forma:

Tensdo (MPa) = 2(3)
~ L
Elongagio (%) = In (L—) %X 100 (4)
0

Onde F ¢ o valor da forca de ruptura exercida e S é a area seccional do filme. L e Lo sdo 0s
comprimentos de elongacao do filme durante o experimento e o comprimento inicial do filme,

respectivamente.

2.4.6 Propriedades dpticas
Os parametros de cor L * (luminosidade), a * (vermelho para verde) e b* (amarelo para

azul) dos filmes foram medidos em cinco posi¢Oes aleatorias usando um espectrofotdmetro
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(Modelo CM-700d, Konica Minolta, Jap&o) usando a escala CIELab. As coordenadas para a*
e b* foram usadas para calcular h® (&ngulo hue - tonalidade) (equacgdo 5), correspondendo a

prépria cor, e C* ou croma (intensidade da cor) (equacdo 6).

he = tan™ (%) (8)

Cx= (a)?+ (b7)* (6)

Para a avaliacdo da opacidade [20], os filmes foram cortados em retéangulo e aderidos
na celula teste do espectrofotometro. As absorbancias foram medidas a 600 nm usando um
espectrofotometro UV / VIS, com uma célula teste vazia como referéncia. A opacidade foi

calculada por diviséo da absorbancia pela espessura do filme (mm).

2.4.7 Microscopia eletronica de varredura (MEV)

As analises morfologicas dos filmes (superficie e secdo transversal) foram obtidas
através de microscopio eletronico de varredura computadorizado (EVO LS15, Carl Zeiss,
Alemanha). Os filmes foram metalizados com um Sputter Coater (Q150TE , Quorum, Reino
Unido). Em seguida, as amostras foram fixadas no stub com fita de carbono dupla face e o

equipamento foi operado com voltagem de 5,00 kV e 10,00 kV.

2.4.8 Atividade antioxidante (DPPH)

Os filmes foram solubilizados em alcool 65% numa concentracdo de 5mg/mL e 0s
extratos foram elaborados sob agitacdo por 20 min.

A atividades antioxidante dos filmes foi avaliada usando a atividade de eliminagédo de
radicais livres de 2,2-diphenyl-1-picrylhydrazyl (DPPH) de acordo com Shahbazi et al. [21].

Para tanto, 2,8 ml da solucdo de extrato do filme foram misturados com 0,2 ml de solugéo
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metandlica 1 mM de DPPH. A mistura foi agitada e mantida & temperatura ambiente no escuro
durante 30 min. O a absorbéncia foi medida a 517 nm. Entdo, a porcentagem da atividade de

eliminagédo do radical DPPH foi calculado da seguinte forma (equagéo 7):

(Abs DPPH—ADbs do extrato do filme)
Abs DPPH

Eliminacio do DPPH (%) = X 100 (7)

2.4.9 Biodegradabilidade

A avaliagcdo da biodegradabilidade foi realizada conforme Filipini et al. [18]. A
avaliacdo foi qualitativa, uma vez que houve variac6es de peso por causa do solo depositado
sobre os filmes. Solo regional da cidade de Santa Maria (RS, Brasil) foi disposto em bandejas
de plastico a uma altura de 10 cm. As amostras (2 x 3 cm) foram ajustadas no suporte e
enterradas no solo. As bandejas foram mantidas a temperatura ambiente (25 = 2 °C). Foi
pulverizado agua sobre o solo uma vez ao dia para manter a sua umidade. As avaliagdes foram
realizadas a cada 3 dias até a degradacdo dos filmes. Os filmes foram retirados do solo e

fotografados para observar visualmente a sua degradacéo.

2.5 Analise Estatistica

Para os resultados da extracdo dos compostos fendlicos da TNP os efeitos das variaveis
independentes (graduacdo alcodlica do etanol e tempo de extracdo) na variavel resposta
(atividade antioxidante) foram avaliados separadamente por analise estatistica de variancia
(ANOVA) com um nivel de significancia de 5% usando o software Statistica 7.0 (Statsoft Inc.,
EUA). O teste Tukey foi aplicado para detectar as diferencas entre as analises de caracterizacdo

dos filmes elaborados.



98

3. Resultados e Discussao

3.1 Compostos fenolicos totais do extrato da TNP

Os teores de compostos fendlicos totais sdo apresentados na Tabela 2. A condigdo que
apresentou o maior teor de compostos fendlicos totais (101.61 mg GAE/g) foi a que utilizou
menor concentracdo de alcool e menor tempo de extracdo (condicdo 1 - 65% alcool / 20 min).
Os valores encontrados neste trabalho séo superiores ao relatado por Maciel et al. [22] (2020)
que avaliaram o extrato da torta da noz peca obtida por diferentes solventes (dgua, &cido acético,
etanol e suas combinag6es) e obtiveram valores que variaram de 1.72 a 27.44 mg GAE/q.

Os efeitos da concentracdo de alcool e tempo de extracdo nos teores de compostos
fendlicos totais sdo apresentados na Tabela 3. A concentracdo de alcool e o tempo de extracédo
apresentaram efeito negativo sobre a resposta. Ou seja, 0 aumento dessas variaveis implica na
reducdo da extragdo dos compostos fenolicos totais. De acordo com esse resultado, pode-se
inferir que a solucdo alcodlica de 65% apresenta polaridade e propriedades fisicas que
melhoram a extracdo dos compostos fenolicos totais. Em relacdo ao tempo, observa-se que
tempos maiores que 20 min ocasionaram a reducao da extracao dos composto fendlicos totais,
provavelmente devido a saturacdo do meio e a degradacdo dos compostos pela oxidagdo. De
acordo com os resultados obtidos, o extrato utilizado para adicionar nos filmes foi o elaborado

com alcool 65% e tempo de extracao de 20 min.

3.2 Caracterizacao dos filmes

3.2.1 Espessura

A espessura de todos os filmes foi estatisticamente igual, variando entre 0.036 e 0.039

mm (Tabela 4). Esses resultados demonstram que a disposi¢édo dos filmes nos moldes de
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poliéster foi eficiente. Diante disso, podemos afirmar que a incorporacdo do extrato da TNP
ndo interferiu na estrutura do filme. Geralmente, a espessura dos filmes plasticos comerciais
como o polietileno de baixa densidade (LDPE) e o polipropileno (PP) esta entre 0.015-0.25

mm e 0.012 a 0.125 mm, respectivamente [23].

3.2.2 Propriedades mecanicas

As propriedades mecénicas dos filmes demonstram sua capacidade de manter integro e
de permanecer assim mesmo com o estresse durante o processamento, transporte, manuseio e
armazenamento dos alimentos embalados [24]. Na Tabela 4 podem ser observados os valores
obtidos para resisténcia a tragdo (RT) e elongacéo na ruptura (ER) dos filmes. RT representa a
forca maxima que um filme pode suportar, e ER é a medida de flexibilidade do filme [25].

Os valores de resisténcia a tracdo nao apresentaram diferenca estatistica entre si,
demonstrando que a incorporacdo do extrato da TNP nos filmes ndo influenciou na ruptura
destes. Quando um nivel de 10 e 20% de extrato foi incorporado ao filme, uma maior ER foi
observado quando comparada ao tratamento sem adi¢do de extrato (GA). Da mesma forma, Xu
et al. [26] relataram que o aumento da concentracdo de extrato de uva em filmes de
nanocompositos de amido de milho ocasionou uma elevacdo nos valores de ER, isso pode ter

ocorrido devido a atuacdo do extrato como plastificante.

3.2.3 Permeabilidade ao vapor de agua (PVA)

Conforme mostrado na Tabela 5, a PVA dos diferentes filmes elaborados néo
apresentou diferencas significativas entre si. No entanto, o filme GA-20% apresentou 0 menor
valor (0.34 g.mm/kPa.h.m?), até mesmo, quando comparado ao filme GA. Este resultado pode
ser explicado pelas ligagdes cruzadas resultantes das interagcdes entre a gelatina e os compostos

fendlicos presentes no extrato da TNP.
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Wau et al. [27] descobriram que a PVA diminuiu em filmes elaborados com gelatina de
pele de carpa prateada adicionados de extrato de cha verde, possivelmente por causa das
ligagdes cruzadas (ligacdes de hidrogénio ou interacdes hidrofébicas) entre os compostos
fendlicos presentes no extrato e 0s grupos reativos da gelatina, reduzindo assim o volume livre
da matriz polimérica. Albertos et al. [28] produziram filmes de gelatina adicionados de extratos
de folhas de oliveira e obtiveram PVA superiores ao encontrado neste estudo (0.73 a 1.68
g.mm/kPa.h.m?). De acordo com Mali et al. [29], a PVA de filmes utilizadas em alimentos
devem ser 0 mais baixo possivel, pois na maioria das vezes sua principal fungdo é prevenir ou
diminuir a migracdo de umidade entre o alimento e o ambiente de embalagem, ou entre dois

componentes dentro de um produto alimentar heterogéneo.

3.2.4 Solubilidade

N&o foi encontrado diferenca estatistica entre os tratamentos para os valores de
solubilidade. A solubilidade encontrada variou de 67.28% (GA-10%) a 69.38% (GA-20%).
Bittencourt et al. [11] elaboraram filmes a base de gelatina incorporados com diferentes
concentracdes de extrato de curcuma e obtiveram valores mais baixos que 0s encontrados neste
trabalho (35.4 a 40%). De acordo com Fakhouri et al. [9] a solubilidade em 4gua pode direcionar
para qual produto o filme pode ser utilizado, por exemplo, em produtos semi prontos que

requerem cozimento no seu preparo a solubilizacdo do filme é benéfica.

3.2.5 Angulo de contato

O angulo de contato € um indicador usado para medir a hidrofilicidade ou grau de
hidrofobicidade da superficie do filme [30]. Superficie hidrofilica corresponde a um angulo de
contato baixo (6 < 90°), enquanto o angulo de contato alto (6> 90 °) corresponde a uma

superficie hidrofobica [31]. Neste estudo, todos os filmes apresentaram angulo menor que 90°,



101

caracterizando-os como hidrofilicos (Tabela5). O GA (70.11 + 0.98) apresentou 0 maior angulo
e ndo diferiu estatisticamente do GA-10% (64.90 + 2.08). Observa-se que os filmes
incorporados com o extrato da TNP tiveram o angulo de contato reduzido. KAYA et al. [32] a0
elaborarem filmes de quitosana com extrato da fruta Berberis crataegina também observaram
uma diminui¢do do angulo de contato, eles relatam que esse resultado € devido a hidrofilicidade

do extrato.

3.2.6 Propriedades opticas

3.2.6.1 Opacidade

Avaliando a opacidade dos filmes (Tabela 6), percebe-se que a adicdo de extrato
provocou um aumento na opacidade dos filmes. O GA (1.32 + 0.03) apresentou um valor de
opacidade menor, ou seja, mais transparente que os outros filmes. O GA-20% (1.96 % 0.06)
apresentou maior opacidade ndo diferindo estatisticamente do GA-10% (1.81 + 0.13). A
reducdo da transparéncia de filmes elaborados com uma mistura de gelatina-quitosana
adicionados de extrato de espinheiro da montanha (Crataegus pinnatifida) foram verificados
por Kan et al. [33], eles relatam que transparéncia do filme diminuiu com a adicdo do extrato
devido ao efeito da dispersao da luz do extrato na rede do filme, o que interferia na transmissao

da luz.

3.2.6.2 Cor
A propriedade de cor dos filmes é um dos fatores mais importantes em termos de
aparéncia geral dos produtos alimenticios e aceitacdo do consumidor [34]. As propriedades de

cor dos filmes estdo apresentadas na Tabela 6.
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A luminosidade (L*) foi maior no filme que néo teve adigdo de extrato (GA) e diferiu
estatisticamente dos filmes que foram adicionados de extrato. O croma (C*) foi maior no GA
(6.03 £ 0.21) e GA-10% (5.95 + 0.05), indicando que a coloracdo desses filmes é mais intensa
em comparagdo ao GA-20% (4.94+ 0.14). O angulo hue (h°) do GA apresentou 0s menores
valores (287.35 + 0.17) e aumentou significativamente a medida que a concentracao de extrato
no filme foi aumentada (GA-10% - 292.56 + 0.26; GA-20% - 298.33 + 0.73). O angulo hue
representa a tonalidade da cor dos filmes, neste trabalho todos os filmes apresentaram o h°
maior que 280°, caracterizando-os com tonalidade azulada. A cor real dos filmes pode ser
observada na Tabela 6. Conforme Souza et al. [20], a mudanca de cor dos filmes adicionados
de extrato pode ser devido a propria cor do extrato ou pela ligacdo dos compostos presentes no

extrato ao polimero utilizado, e dependera do tipo e da concentragdo do extrato adicionado.

3.2.7 MEV

Como pode ser visto na Fig. 1, a incorporacao de extrato da TNP nos filmes (GA-10%
E GA-20%) ocasionou uma superficie de fratura mais irregular e menos lisa em comparacgéo ao
filme sem extrato (GA). Os valores altos de TR e baixos de ER podem explicar a estrutura
compacta do filme GA [35].

Os filmes GA-10% e GA-20% apresentam-se uma estrutura menos homogénea, isso
deve-se a incorporacdo de outros componentes que estdo presentes nos extratos. Apesar disso,
ndo houve separacdo de fases na estrutura dos filmes, demonstrando boa miscibilidade dos

componentes.

3.2.8 Atividade antioxidante (DPPH)
A atividade antioxidante dos filmes pode ser observada na Fig. 2. A incorporagdo do

extrato da TNP nos filmes aumentou significativamente a atividade antioxidante. A atividade
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antioxidante do filme GA foi de 3.32 #1.25, o GA-10% e GA-20% aumentaram,
respectivamente, para 46.23 = 0.69 e 84.31 £ 1.29. Medeiros Silva et al. [36] adicionaram
extrato de folhas de néspera (Eriobotrya japonica) em filmes elaborados com uma mistura de
casca de banana e amido e observaram que a atividade antioxidante dos filmes aumentou com
a adicdo de extrato, semelhante ao encontrado neste trabalho, demonstrando que a adi¢do do
extrato da TNP em filmes de gelatina-amido podem atuar como um antioxidante natural e assim

preservar o alimento embalado.

3.2.9 Biodegradabilidade

As imagens dos filmes podem ser observadas na Fig. 3. Observa-se que no 3° dia a
biodegradacdo ja& havia iniciado, aumentando sucessivamente até o 9° dia quando a
biodegradacdo ocorreu por inteiro. Um fato importante de se relatar € que no GA a
biodegradacao foi um pouco mais rapida quando comparado aos filmes que foram adicionados
de extrato da TNP.

E bem provéavel que os compostos bioativos presentes no extrato tenham afetado a
atividade dos micro-organismos presentes no solo. O mesmo fato ocorreu com Pifieros-
Hernandez et al. [37], a integridade dos filmes contendo extrato de alecrim foi mais preservado,
indicando que a biodegradacéo foi retardada pela presenca do extrato de alecrim. De acordo
com a EN13432 [38] para que embalagens sejam consideradas biodegradaveis é necessario que
pelo menos 90% do material se decomponha dentro de 6 meses e pelo menos 95% no final do
processo. O resultado encontrado neste trabalho, demonstra que os filmes elaborados séo

considerados biodegradaveis.

3.3 CONCLUSAO
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Filmes biodegradaveis desenvolvidos com um mistura de biopolimeros (gelatina-
amido) adicionados de extrato da TNP foram elaborados com sucesso. A adigdo de 10 e 20%
de extrato nos filmes causou um aumento da ER. Todos os filmes apresentaram angulo menor
que 90°, caracterizando-os como hidrofilicos. A adicdo de extrato provocou um aumento na
opacidade dos filmes. A luminosidade foi maior no filme GA e a adi¢do de extratos da TNP
escureceu os filmes. A incorporacdo do extrato nos filmes aumentou significativamente a
atividade antioxidante. A biodegradacédo dos filmes ocorreu por completo no 9° dia. Os filmes
biodegradaveis elaborados com uma mistura de gelatina-amido enriquecidos com extrato TNP
sdo potenciais carreadores de compostos antioxidantes podendo ser usados como embalagem

ativa em alimentos.
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Tabela 1. Projeto experimental (22) da preparagdo dos extratos da TNP.

Tratamento Alcool Tempo
(%) (min)
T1 65 (-1) 20 (-1)
T2 65 (-1) 40 (+1)
T3 95 (+1) 20 (-1)
T4 95 (+1) 40 (+1)
T5* 80 (0) 30 (0)
T6* 80 (0) 30 (0)
T7* 80 (0) 30 (0)

* Ponto Central
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Tabela 2. Compostos fendlicos totais do extrato da TNP.

Tratamento Alcool Tempo Compostos Fendlicos
(%) (min) (mg EAG/g de amostra)
T1 65 (-1) 20 (-1) 101,61
T2 65 (-1) 40 (+1) 50,50
T3 95 (+1) 20 (-1) 54,53
T4 95 (+1) 40 (+1) 36,89
T5* 80 (0) 30 (0) 40,92 + 1,38

*A condicdo 5 corresponde a média + desvio padrao da triplicata do ponto central.



Tabela 3. Efeito da variaveis no teor de compostos fendlicos totais dos extratos da TNP.

Efeitos  Desvio padréo p
Compostos Fendlicos Totais
Interceptacdo 52,3257 0,3156 <0,01*
(1) Alcool -30,3450 0,8350 <0,01*
(2) Tempo -34,3750 0,8350 <0,01*
1x2 16,7350 0,8350 0,2235
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Tabela 4. Espessura, resisténcia a tragédo (RT) e elongagédo na ruptura (ER) dos filmes de

mistura de gelatina e amido adicionados de extrato da TNP (n=3).

Filmes Espessura (mm) RT (MPa) ER (%)

GA 0,039 £ <0.01° 62,99 + 7,672 3,53 +0,62°
GA-10% 0,036 +£<0.01 58,82 + 2,53? 4,42 + 0,56
GA-20% 0,039 +£<0.01 62,87+ 4,77° 4,18 + 0,68%

Valores expressos em média + desvio padrao, letras diferentes na mesma coluna indicam diferenga significativa
(p <0,05) pelo teste de Tukey.
GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:

mistura de gelatina e amido com 20% de extrato da TNP.
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Tabela 5. Permeabilidade ao vapor de agua (PVA), solubilidade e angulo de contatos dos

filmes de mistura de gelatina e amido adicionados de extrato da TNP (n=3).

Filmes  PVA (g.mm/kPa.h.m?  Solubilidade (%) Angulo de contato (6 °)

GA 0,37 £ 0,03 69,10 + 1,49? 70,11 +0,98?
GA-10% 0,40 + 0,012 67,28 + 3,57° 64,90+ 2,08%°
GA-20% 0,34 + 0,042 69,38 * 3,357 59,95 + 5,90°

Valores expressos em média + desvio padrdo, letras diferentes na mesma coluna indicam diferenga significativa
(p <0,05) pelo teste de Tukey.
GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:

mistura de gelatina e amido com 20% de extrato da TNP.
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Tabela 6. Propriedades Opticas dos filmes de mistura de gelatina e amido adicionados de

extrato da TNP (n=3).

Filmes Opacidade L* C* h° *Cor

GA 1,32 +£0,03° 90.59 + 0,272 6,03 +0,212 287,35+0,17°
GA-10% 1,81 +0,132 89.70 £ 0,23° 5095+ 0,05 292,56 + 0,26°

GA-20% 1,96 + 0,06% 88.79 £ 0,12° 4,94+ 0,14° 298,33 +0,73?

Valores expressos em média + desvio padrdo, letras diferentes na mesma coluna indicam diferenca significativa
(p <0,05) pelo teste de Tukey.
*Cor: A cor foi obtida através do site: https://www.nixsensor.com/free-color-converter/.
GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:

mistura de gelatina e amido com 20% de extrato da TNP.
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Figura 1. Imagens de microscopia eletronica de varredura da superficie de fratura de filmes

com diferentes formulagdes.

Filmes GA GA-10% GA-20%

Superficie

de fratura

GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:

mistura de gelatina e amido com 20% de extrato da TNP.
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Figura 2. Atividade antioxidante dos filmes de mistura de gelatina e amido adicionados de

extrato da TNP (n=3).
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GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:
mistura de gelatina e amido com 20% de extrato da TNP.

Letras diferentes indicam diferenca significativa (p <0,05) pelo teste de Tukey.



120

Figura 3. Biodegradabilidade dos filmes de mistura de gelatina e amido adicionados de

extrato da TNP.
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GA: mistura de gelatina e amido; GA-10%: mistura de gelatina e amido com 10% de extrato da TNP; GA-20%:

mistura de gelatina e amido com 20% de extrato da TNP.
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4 DISCUSSAO GERAL

No Brasil, o estado do Rio Grande do Sul destaca-se como produtor de noz peca,
produzindo cerca de 2.561 toneladas de nozes (IBGE, 2014). A noz pecd possui grandes
quantidades de 6leo em sua composi¢do, sendo que o &cido graxo em maior concentracdo € o
acido oleico. Geralmente a noz pecd é consumida em sua forma in natura, mas a demanda de
consumidores por 6leos vegetais saudaveis vem impulsionando o processamento da noz peca
para a obtencdo de 6leo.

O primeiro artigo desta tese teve como objetivo a obtencdo de 6leo da noz peca através
da utilizacdo de diéxido de carbono pressurizado (CO2-P) e gas liquefeito de petroleo
pressurizado (GLP-P) em diferentes condicGes de temperatura e pressdo. Os maiores
rendimentos foram observados em 250 bar / 20 °C (52,26%) e 10 bar / 20 °C (76,21%) para as
extraces de CO2-P e GLP-P, respectivamente. Os parametros de qualidade quimica dos 6leos
mostraram que ambas as tecnologias utilizadas produzem 6leos que estdo dentro dos padrdes
estabelecidos pela legislagdo brasileira. RABAGO-PANDURO et al., 2021 aplicaram a
tecnologia de campos elétricos pulsados como um pré-tratamento para melhorar a extracéo
mecanica do 0leo da noz peca e obtiveram rendimentos que variaram de 68,9 a 77,4%, 0sS
valores encontrados por esses autores séo compativeis aos valores encontrados neste trabalho.
No entanto, enfatiza-se que a utilizacdo de GLP-P é mais favoravel devido ao menor tempo de
extracdo e a utilizacdo de menos etapas de preparacdo da amostra.

Apos a extracao do 6leo da noz peca na industria, o subproduto resultante apresenta um
percentual de 6leo elevado (36-59%) (SALVADOR et al., 2016). Sendo assim, o segundo artigo
dessa tese teve por objetivo recuperar o 6leo remanescente na torta da noz peca (TNP) usando
técnicas de extracdo com fluidos pressurizados (CO2-P e GLP-P). Assim como no primeiro
artigo, a condicdo de maior rendimento foi a 250 bar / 20 °C (43,65%) e 10 bar / 20 °C (56,33%)
para as extragbes de CO2-P e GLP-P, respectivamente. O Oleo recuperado era
predominantemente composto de &cidos graxos insaturados (93%). Os resultados mostraram
que o TNP é uma biomassa interessante para extracao de éleo.

Ainda, a TNP possui quantidades significativas de compostos fendlicos, dessa maneira
estratégias de utilizacdo desses compostos sdo importantes para a valorizacdo desse subproduto.
Nesse sentido, o terceiro artigo dessa tese procurou extrair os compostos fendlicos da TNP e
aplica-los em filmes biodegradaveis. Os extratos adicionados aos filmes foram os elaborados
com diferentes graduagdes de alcool e diferentes tempos de extracdo. A condicdo que utilizou

alcool 65% e tempo de extracdo de 20 min foi a que apresentou o maior teor de compostos
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fendlicos totais (101.61 mg GAE/g). Os filmes foram elaborados com uma mistura de gelatina,
amido e glicerol (filme controle — GA), os extratos foram incorporados a solucéo filmogénica
na concentragédo de 10 (GA-10%) e 20% (GA-20%). A adicdo de 10 e 20% de extrato da TNP
nos filmes ocasionou um aumento da elongacéao da ruptura, provocou um aumento da opacidade
e escurecimento dos filmes. A incorporacdo do extrato nos filmes aumentou significativamente
a atividade antioxidante, o filme GA apresentou atividade antioxidante de 3,32% enquanto o
GA-10% obteve 46,23% e 0 GA-20% 84,31%. Ju et al. (2019) adicionaram extrato de camu-
camu em filmes elaborados com amido de teff e obtiveram valores de atividade antioxidante
que variaram de 42,64 a 89,19%.

5 CONCLUSAO GERAL

De maneira geral, a utilizacdo de CO2-P e GLP-P para a obtencdo do dleo da noz pecé
e da TNP foi muito vantajoso. Para as duas matrizes, a metodologia que apresentou os melhores
resultados em termo de rendimento e qualidade quimica do o6leo foi a que utilizou o0 GLP-P.
Enfatiza-se que o tempo de extracdo no GLP-P foi o pardmetro que mais se destacou, pois em
poucos minutos foi possivel extrair totalmente o 6leo das matrizes.

A adicdo do extrato da TNP em filmes biodegradaveis elaborados com uma mistura de
gelatina-amido demonstrou ser uma alternativa vantajosa para a industria de embalagens.
Destaca-se que a incorporacdo do extrato da TNP nos filmes proporcionou um aumento
significativo na atividade antioxidante das embalagens, demonstrando que o extrato da TNP em

filmes biodegradaveis pode agir positivamente na vida util de produtos alimenticios.
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